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I NTRODUCT ION 

Many authors have proposed d ifferent tolerance cr iter i a  for the 
femur based on d iffer i ng test methodology ( 1  to 1 3 ) .  We can observe major d i s­
crepanc ies  between these cr iter i a  wh ich range from 4 kN  to 1 7  kN .  Th i s  i s  
part ly  due to the d i vers ity of test cond it ions hav ing  an effect on resu lts . As 
an examp l e ,  we can point out : 

- knee impacts aga i nst a stop p iece , with the subject pos it ioned on a dece le­
rated s l ed ( 1  to 4 )  

d i rect I mpact aga i n st the knee by various processes ( pendulum i mpactors or 
free fal l s )  ( 5  to 1 2 )  

- reproduct ion of knee impact mark ings a s  found i n  actual  acc i dents ( 1 3 )  

Theoret i c a l  analyses were a l so performed ( 1 4 , 1 5 ) . 

In the d i fferent research programme s ,  the human subject was never 
seated i n  a veh i c l e ,  i n  a frontal  I mpact s i tuat ion and the exper i ments were 
not , therefore , suff i c i ent l y  representat i ve .  

Furthermore , a s  the load susta i nab le  by the femur i s  rel ated to the 
total  durat ion of stres s  to the knee , and hence c lose ly  l i n ked up with test 
cond i t i on s ,  th i s  durat i on must be cons idered as an i mportant parameter i n  de­
term i n i ng the knee-femur-pe l v i s  tolerance . Ta determi ne a cr iterion wh i c h  can 
be pract i ca l ly appl i ed in cond it i ons  approach i ng rea l ity , tests were conducted 
i n  an " automob i l e env ironment" with the occupant subjected to a ser ies  of l oads 
comparable to those a rea l - l ife v ictim  wou ld  experience . The dummy ( or human 
subject ) i s  i n sta l l ed ,  be lted i nto a standard product ion veh i c l e  body mounted 
onto a decelerated s l ed . In struments to measure the ax i a l  load on the knee 
were set up and i n sta l l ed i n  the veh i c le  body i n  front of the knees of the 
test subject . The i nstruments were fastened d i rectly to the veh i c l e  body and 
covered with shock-absorb ing  mater i a l . Resul tant knee impact durat ions are i n  
general greater than those submitted i n  publ i c at ions by other authors but they 
are c l oser to what wou ld  have happened i n  rea l ity i n  a road s ituat i on .  To con­
f i rm t h i s  assumption resu lts  obta i ned from reconstruct ion s  of actua l  acc idents 
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are g i ven together with acc i dentology dat a .  The resu lts of a ser ies of tests 
conducted with human subjects do not i n v a l i d ate the h ighest tolerance leve l s  
for the knee-femur-pe l v i s  area , submitted so far . 

ACCI DENTOLOGICAL DATA 

I RO/PEUGEOT S.A. /Renau l t  acc i dent f i les conta i n  902 restra ined d r i vers and 470 
restrai ned r ight front passengers , i n vol ved in fronta l  i mpact . 

Out of 86 ser i ous ly  or fata l ly i n j ured d r i vers , 28 ( 32% )  susta i ned 
femoral fracture s ,  and 1 2  ( 23%) r i ght front seat passengers out of 5 1 . OSI 
d i str i but ion of these 40 occupants ind i c ates a death rate wh ich is seven t i mes 
h i g her than the one observed for the overal l restra i ned occupants i n  fronta l  
i mpacts . Indeed , these occupants sustai ned v i o l ent impacts ; i n  38  % of the 
case s ,  flV va l ues  are greater than 55 km/h with i mportant i ntru s i ons  because , i n  
52  % of the cases , the dashboard backward movement on  the occupant i s  super ior 
to 25 cm ( tab le  1 ) �  

Tab l e  1 - Dashboard backward d i sp l acement 

<:" 1 5  cm 1 6-25 26-35 36-45 

Dr i vers 

Passengers 

3 

2 

Fractures l oca l i zat ions : 

Table 2 - Nature of the 

i nfer i or 

9 

5 

femoral 

9 

i njur ies 

4 

2 

super ior 

46-55 .:>55 cm Total  

2 28 

1 2  

Tota l  
extremit� shaft extremity unknown f ractures 

Dr i vers 9 1 6  7 2 34 

Passengers 2 9 2 1 4  

For about h a l f  of the cases ( 55 % ) ,  fractures are s ituated at the 
level  of the shaft ( average th i rd ) ;  fractures of the i nfer ior extremi ty account 
for 24 % and of the super ior one for 20 % .  

Fractures of the two femurs are observed for 2 d r i vers and 2 pas­
sengers ( Cf .  Tab le  3 hereafter ) .  

On the other hand , 4 dr i vers susta i ned a double  femoral fracture , 
a l l  s i tuated at the l evel of the shaft · and of the super ior extremity .  Th i s  type 
of i n j ury has not been observed for passengers . 

In  1 0  cases , femora l  fractures are as soc i ated with bony pe l v i c  
fractures ; only 50 % of the femoral  fractures are s ituated at the super i or ex­
tremity , the other 50 % are at the leve l of the shaft ( 9  d r i vers , 1 passenger ) .  

The 1 1  knee or pate l l a  i nj ur ies  observed i n  the sample are assoc i a ­
ted with femoral fractures on the i nferi or extremity i n  7 cases . 

Thu s  the acc idento log i ca l  analys i s  enables  to study the i n j ury fre-
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quency of the knee-femur-pe l v i s  area ,  the nature of these i njuries and the v i o­
l ence at wh i ch  they appear . Each l i ne of tab 1e  3 def i nes  an injury assoc i at i on . 

Tabl e  3 - Femora l  fractures loca l i zat ions  and as soc i at i on with pe l vi s  or knee 
i n jur ies  - 1 ° )  Dri vers , 2° ) Passengers . N = number of injured mem­
bers . 

1 ° )  28 Dr i vers 

Knee 
pate l l a  

X 

X 

X 

8 

i nferior 
extremi ty 

X 
X 

X 

9 

shaft 

X 
X 
X 
X 
X 

X 

1 6  

super ior 
extremity 

X 

X 

X 
X 
X 
X 

7 

a* : k i l l ed non autops ied with unknown pe l v i s  i njur ies 
b* : femoral fracture not prec i se l y  l ocated 

2 ° )  1 2  r ight front passengers 

Knee 
pate l l a  

X 

X 

3 

TEST METHODOLOGY 

i nferior 
extremity 

X 
X 

X 

2 

shaft 

X 
X 

X 

9 

super ior 
extremity 

X 
X 
X 

2 

pe l v i s  

X 
X 

X 
X 

9 

pe l v i s  

X 

N 

6 
2 
1 
5 
2 
3 
6 
1 
1 
1 - a* 
2-b* 

30 

N 

7 
2 
1 
1 
1 
1 
1 -a* 

1 4  

Descr i pt i on and i nstal l at i on i n  the veh i c l e  of knee stop p ieces -

A system was set up  to carry out independent measurements of impact loads 
agai n st each knee . Two shear sen s i t i ve device s ,  each f i tted with a gauge h a l f  
bridge are used for measurement an each knee . The dev i ces are both mounted i n  
a bracket support i ng an e ither s i de the round buffer with the knee i mpacts .  
The f i xture a l l ows a certa i n  amount of i ndependence of measurement i n  re l at i on 
to the point of l oad appl icat ion . The impact l oad recorded for each knee cor-
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responds to the normal component of the resu ltant . 
The two stop p ieces are f i tted to a r i g i d  p l ate fastened vert i c a l l y  

i n s ide a Renau lt  1 8  c a r  body , i n  front of the front passenger ' s  knee s ,  as  shown 
i n  f i gure 1 .  

Rt8 body 

Targets 

Knee-stop pieces 

Stopping device 

FIG . 1 • Posi t i on of the dlUllrny or cadaver ins i de the vehicle  body 

Spac i ng of the two knee stop p ieces axes ( 23 cm) i s  equ i v a l ent to 
the d i stance separat i ng the axes of the knees of a 50th percent i l e such as the 
Part 572 dummy p l aced i n  a veh i c l e  in accordance with the procedure spec if ied 
in US standard 208 . The d i stance between the knees and the stop p i eces may be 
adjusted by vary i ng the pos i t i on of the seat . The he ight of the stop p i eces 
from the f l oor i s  adj ustab le  by means of the attachment to the body , to enable  
correct knee i mpact , on  account of  anthropomorph i c  d i fferences between subject s .  
The stop p i eces must be so oriented that when the knee impacts , the max i mum 
of the i mpact i nduced l oad passes through the femoral ax i s .  A max imum normal 
component of the resu ltant must be obta ined . 

A spec i a l  study has been conducted to exam i ne th i s  problem.  Indeed , 
knee trajector ies  are d i fferent depend i ng on the veh i c l e  mode l ,  the seat used , 
l ap seatbe lt  restra i nt • • .  The stop p i ece buffer ang l e  was determined from a 
study of restra i ned passenger k i nemat i c s  dur ing frontal i mpacts ; the ang l e  i s  
50° from hori zonta l .  

For test purposes , the buffers are covered with 2 . 5  cm th ick  poly­
urethane foam with a spec i f i c  gravity equa l  to 0 . 1 1 5 .  
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Tests and test cond it ions - The f i rst tests were run at a s peed 
of 50 km/h and a second series at 65 km/h . They were fronta l  i mpact tests 
aga i nst a wal l .  

The veh i c l e  body i s  a Renau l t  1 8  product i on one . lt i s  mounted on 
a s l ed equi pped with retarder tubes , a l l ow ing s led dece l erat i on to be se lected . 
A number of veh i c l e  components were removed , i nc l ud i ng the windsh ie l d  and i ns­
trument pane l . Front doors were repl aced by dummy ones to a l l ow f i l m i ng . Li ke­
w i se , an open i ng was made in the roof , so as to obta in  a b i rd ' s  eye v i ew . 

The i n i t i a l  moment of i mpact i s  determi ned by means of a switch 
wh i ch  triggers a f l ash as soon as the s l ed retarder tubes comes i nto contact 
with the wa l l .  

The knee stop p ieces are p l aced , as  descri bed above , i n  front of 
the front passenger ' s  knees . Just before the test , the foam i s  coated i n  wh ite 
so as  to be a b l e  to l oc ate knee i mpact i n  re l at i on to the centre of the buffers 
at the end of i mpact . Foam i s  added to the l ower aperture cross member to l im it  
the v i o l ence of  a poss i b l e  head impact . 

The dummy or human subject i s  pos i t i oned i n  the front r ight hand 
passenger pos it i on . lt i s  restrai ned by a production three-point i nert i a  type 
be l t ,  which  i s  changed after e ach test . The seat features a head-restra i nt and ; 
seat rake and s l ide adjustmen� are carr ied out at the l ast minute , to suit the 
morpho l ogy of the test subject . When it  i s  correct ly  pos i t i oned i n  the passen­
ger compartment , s i ghts are arranged on its d ifferent body segments to be ab le  
to  fo l l ow the i r  d i s p l acement throughout the i mpact ( f i g . 1 ) .  Al l the d i stances 
between the targets and , between the knees and stop p i eces are measured before 
i mpact . An on-board c amera on the s l ed prov ides a s ide v iew i n  c l ose u p .  

The fo l l owing measurements are taken : 
- veh i c l e  speed 
- veh i c l e  dece l erat ion at 1 1 8 1 1 -p i l l ar level  
- acce lerations of thorax 
- a three d i rect iona l  acce lerat ion at pe l v i s  l eve l  
- knee load s  ( l eft and r ight )  recorded on the buffer sensors 
- be lt  l oad i ng at d i fferent l eve l s  ( shou l der , buck l e ,  outboard l a p ,  l ap buck le ) .  

Al l the l ongitud i n a l  components of acce l erations are i ntegrated 
twice . 

An i n i t i a l  test to va l i date the methodo l ogy used was carr ied out 
with an i mpact dummy . Th i s  was fo l l owed by ten or so tests u s i ng human subjects . 
The human subjects used are fresh , unemba l med c adavers wh ich undergo spec i a l  
treatment prior to the test ; they are tested l ess than four days after death , 
hav ing been preserved i n  the meant i me i n  a co ld  room between 0 and 2° C .  The i r  
select i on was based o n  bone qua l ity , a l l  those subjects wh ich  had been i n  acc i ­
dents i n vo l v i ng the l ower members o r  wh i ch had suffered from bone d i seases were 
not reta ined for th i s  type of test . Autops ies  were then carried out on the 
cadavers and we were prov ided with a l i st of i n jur ies  and ment i on of any frac­
tures in the pe l v i s-femur-knee reg i on . 

Anthropometrie  data concern ing the subjects a l ong with i mpact con­
d it i on s  to wh ich  they were subjected are g i ven in table 4 .  The resu lts  of these 
tests are g i ven be l ow .  

TEST RESULTS 

The f i rst test was carried out with a dummy to check i n strumenta­
t ion and compare resu lts  with  those obta i ned with cadavers . 

Test with dummy - S led dece l erat i ons  and standard dummy measure­
ments are recorded in addition to buffer l oads . S l ed speed was 50 kni/h and stop-
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Tab l e  4 - Anthropometr ie  data concern i ng the cadavers and correspond ing 
col l i s i on s peed 

Test No . Sex Age He ight ( cm )  We ight ( cm )  Col l i s i on speed ( km/h ) 

23 1  M 60 1 65 6 1  50 . 7  
232 M 57 1 63 49 50 . 7  
233 M 56 1 73 63 50.  1 
254 M 63 1 62 52 49 . 5  
255 M 68 1 65 56 50 . 9  
257 F 42 1 55 53 67.  1 
258 M 42 1 64 69 65 . 5  
267 M 68 1 64 7 1  60 
268 M 62 1 72 66 66 .8  
276 M 55 1 80 82 65 

p i ng d i stance 600 mm ( � max = 30 g ) .  The knees were pos it ioned to correct ly 
i mpact the buffers . Knee impact ve l oc ity is in the reg i on of 6 m/s a l ong the 
tangent to the trajectory of the knees when they impact . Th i s  ve l oc ity cannot 
be compared to those measured in s l ed tests presented in the previous ly  men­
t i oned texts , as those tests were carr i ed out with unbe lted dummie s .  

Maximum load val ues recorded at the knees and femurs are g i ven in  
the  ta.ble 5 .  Mean load s  for both knees and both femurs are 1 6 .85 kN  and 1 4 . 3  
k N  respect i ve ly . 

( 1 )  ( 2 )  ( 3 )  ( 4 ) ( 5 )  ( 6 )  ( 7 )  
l eft f emur r ight femur l eft knee r ight knee ( 1 ) / ( 3 )  ( 2 ) / ( 4 )  ( 5 ) +( 6 )  

t ime t i me t ime t i me 2 
( k N/ms ) ( kN/ms ) ( kN/ms ) ( kN/ms ) 

1 5 . 3/ 1 1  1 3 . 3 / 1 0  1 6 � 2/ 1 1  1 7 . 5 / 1 0  0 . 94 0 . 76 0 . 85 

Table 5 - Resu lts  obta ined f or the dummy test/ 

Knee i mpact was ana lyzed on the f i l ms to study in c l oser detai l 
the femur axi a l  l oad . Th i s  analys i s  conf irms , as expected cons i dering i n it i a l  
test cond it ion s ,  that when the knees beg i n  to impact the stop p i eces , the tan­
gent to the i r  trajectory i s  approximate ly  perpend i cu l ar to the buffer ( f i g . 2 ) . 
The d ifference between the normal l oad component and the res u ltant i s  negl i g i ­
b l e .  The correction was , however , taken into con s i derat ion i n  the resu lts  ta­
b l e . 

The f i gure 3 s hows the l oad curves as a funct ion of t i me ,  measured 
at the dummy r ight and l eft hand femurs and at the knees stop p i eces . The 1 1pri ­
mary l oads 11 are def i ned on these curves and the durat i on s of these l oads are 
c a l cu l ated u s i ng the tri angu l ar approximat ion method ( 3 ) .  lt i s  the durat ions 
of these pr i mary l oads wh ich  are ta�en i nto account i n  previous  publ ications 
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·-----·-

Contac t 

Perpendicular axis to the 
knee-stop device . 

Femur axis . 

N ° MS 1 C>( ANGLE 
DUMMY I 40 

2J 1 I 1 5° 

2J 2 I 18° 
2JJ I 90 
254 I 1 5° 

25 5 I 1 5° 

257 I 27° 

258 I 1 5 °  
267 I 12° 

268 I 60 
276 I oo 

FIG • 2 .Defini t i on of angle o( and values of this ang le for dummy and 
cadaver tes t s .  

and not the tota l  durat i ons  of l oad appl ication . The rat ios  of the maximum 
femur compress ion l oad to the max imum l oad app l ied to the knee on the same 
s i de are 0 . 94 and 0 . 76 for the l eft and r ight hand s i des respect i ve l y ,  with a 
mean val ue for the combined left /r ight hand of c l ose to 0 .85 .  Accord ing to a 
past study ( 1 2 )  of the response to knee impact of dummies or human subjects 
s l ed tests at d ifferent speeds ,  t h i s  femur l oad/knee l oad rat io  i s  d i fferent 
from the dynamic knee contact l oad , because of the mass between the femur l oad 
cel l and the knee jo int i n  the dummy structure . 

Tests with human subjects - Ten tests were conducted with unemba l ­
med cadavers . Methodology is identical  to  that used i n  the dummy test . There 
was , however , a change during t h i s  ser ies of tests ; the fact that there was no 
fracture of the knee-femur-pe l v i s  during the f i r st tests caused us to heighten 
the severity of i mpact by i ncreas i ng i mpact speed ( 65 km/h ) and reduc i ng s l ed 
stopping d i stance . The knee i mpact poi nts are correct ly  l oc ated aga i nst the 
buffers . A study of knee trajector ies enabled determi nat i on of the d i rection 
of the tangent to th i s  trajectory when the knee i s  contacted and when max i mum 
l oad is appl ied . The above f igure 2 g i ves the va lues  of the tl( ang les formed by 
t h i s  tangent with the perpend i cu l ar to the buffer for both the knees i n  each 
test , when the l oad is maximum . These va lues  do not exceed 1 8° ,  wh ich  mean s ,  
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LEFT FEMUR RIGHT FEMUR 

8000 N 8000 N 

LEFT KNEE RIGHT K:\EE 

8000 N 8000 N 

FIG . J . K!\EE AND FEMUR LOAD CURVES FOR THE DUMMY TEST. 
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j ust as  for the dummy test , that the tangent to the knee trajectory i s  a l most 
perpend i cu l ar to the buffer . Resultant l oads were ca lcu l ated , tak ing the 
values  i nto cons iderat i on . Knee orientat i on i n  re l at i on to the buffers in the 
transverse d i rect i on was not cons i dered as the ang l e  va lues  were neg l i g i b l e ,  
compared to « . 

These resu ltant l oads were norma l i zed to a l l ow for subject mass , 
u s i ng the Eppinger formu l a  ( 1 6 ) :  

75 2 
Normal i zed F = measured F x [ subject weightJj 

They are g i ven in Tabl e  6 a l ong with the durat ions of pr i mary l oads 
as  def i ned above . 

An i n i t i a l  remark i s  c a l l ed for . Under test cond i t i ons  str i ct ly  
ident i c a l  to those of  the dummy test ( No .  23 1 ,  232 and 233 ) , at a col l i s i on 
speed of 50 km/h , the buffer l oads recorded are f ar l ower than those recorded 
on the dummy . Th i s  may be exp l a i ned for the most part by the d i fference i n  the 
bone structure and f l ex i b i l i ty of both types of subst itutes , the mass effect i ­
vely  contr i but i ng to knee impact be i ng d ifferent for the two types of tests . 

Figure 4 shows the load /t i me curves for two tests . These curves 
exh i bit , as for the dummy , a twin peak correspond i ng to an i n i t i a l  major l oad 
fol l owed by a l ower l oad , though of a langer durat ion . In f i gure 4, wh ich  cor­
responds to a test in wh ich the pate l l a  and pe l v i s  of the subject were fractu­
red , the i n i t i a l  l oad has a shorter durat ion and the second peak is less  appa­
rent ; the knee l oad decreases stead i ly .  
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Fig . 4  : Load/time curves for the knee in two cadaver tests . 
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Out of a l l the tests conducted with cadavers , th i s  was the on ly  
case of a fracture , at 50  km/h impact ve l oc ity ;  i t  was a fracture of  the r ight 
hand s i de pate l l a  and upper part of the i l i um ,  for a corrected l oad of 9400 N .  
No fracture of the femur was observed . 

D I SCUSS ION 

The resu lts  obta ined dur i ng th i s  study conf i rm that the knee-femur 
- pe l v i s  comb i nat i on can to lerate h igh loads without fractures occurr i ng , and 
these loads are somet i mes  h i gher than the l evel a l l owed on a dummy by the 
FMVSS 208 wh ich  spec i f ies  1 0 , 000 N .  

The pu l se transmitted to the buffer was determined for e ach  knee 
i mpact . F i gure 5 shows the loads recorded ( max imum l oad ) as a funct i on of the 
correspond i ng pu l se transmitted . Our l oad and pu l se val ues combi ned are gene­
ra l ly lower than publ i shed data ( 8 ) and , with the except i on of two val ues , 
the l oads rema i n  be l ow 1 0 , 000 N .  Th i s  i s  due to test cond it ions . lt wou l d  be 
adv i sable  to mod i fy them ,  part i c u l arly subject restra i nt ,  so that the l oads 
obta i ned be greater . 

A rev i ew of a l l  the data shows that the peak l oad v a l ue a l one i s  
not suff i c i ent to ind i c ate the r i sk of fracture . A high  knee l oad i ng must be 
combined w ith a h igh  pu l se to cause fractures . On th i s  f igure der i ved from ( 8 ) 
and completed with our dat a ,  the thresho ld  at wh i ch  fractures appear seems to 
be l ocated around 200 N . s  and the assoc i ated l oad i ng , i n  the Me l v i n  exper i ­
ments , wou l d  be i n  the reg i on of 1 3350 N .  Three subjects , with knee load i ngs 
l ower than that va l ue ,  susta ined fracture s .  Two of these were accounted for by 
the osteoporot i c  cond i t i on of the subjects , as  shown i n  the f igure 5 .  
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Regard ing the third case of fracture , wh ich corresponds to one of 
our tested subjects , tak ing i nto account its bone cond it i on proved necessary 
to try and expl a i n  th i s  resu l t .  

Bane c haracter i zat ion - Pre l im inary tests on the bone character i ­
sat ion of the subjects were carried out an the femurs samp led after impact , to 
try and expl a i n  the occurrence or not of a fracture at comparable pu l se and 
l oad l e ve l s .  The tests were i n i t i a l ly  l imited to c a l c i nat ions of fragments of 
the femurs to determine minera l i zation rates . The methodol ogy was as fo l l ows : 

- measurement of the tota l  l ength of the femur between two f l at 
surf aces perpend i cu l ar to the main  ax i s  of the d i aphys i s ,  one tangent to the 
top face of the bone head , the other to the bottom face of the condy les . 

- Samp l i ng of three fragments i n  geometr ica l ly d ifferent areas : 
• a 3 cm- long-fragment from the m idd le  of the overa l l  length of the femur , 
• an upper fragment of 3 cm,  taken from the extreme l ower l imit of the trochan­

ter minor , 
• a l ower fragment , 3 to 4 cm l ang the upper end of wh i ch  i s  l ocated at the 

start of the l ower widen i ng zone of the d i aphys i s  and the l ower end i s  supra­
condyl a r ,  

- Ca l c i nat ion of these fragments and determinat ion of a mass of 
ashes per un it  of length ( C/L ) . 

As we d id not have the analys i s  resu lts  of a l l the femurs ( and par­
t i c u l arly for test No . 233 where there was a fracture ) ,  we l ooked for a corre­
l at i on between the bone cond it i on of the thorax and the minera l i zat ion of the 
femurs as determined above . Severa l  adjustments were made and there was found 
to be a good re l at i on s h i p  between the two parameters ( r  = 0 . 93 ,  n = 8) by 
means of a hyperbo l i c  adjustment . As we have the r i b  minera l i zation resu lts  of 
subject No . 233 ( l ow minera l i zat i on , character i st i c  of osteoporot i c  subjects ) ,  
we can obta i n  an est i mat ion of the correspond ing C/L v a l ue for the minera l i za­
t i on of t h i s  subject ' s  femurs . The l i ke l y  va l ue thereby c a l cu l ated wou l d  be 
3 . 1 8  g /cm , wh ich puts the subject the l owest i n  the femur minera l i zat ion sca le ; 
for the 7 other tests cons i dered , the mean val ue i s  4 . 40 g /cm with a m i n imum 
of 3 . 38 and a maximum of 5 . 49 g /cm .  Th i s  resu l t  may exp l a i n  why th i s  subject 
susta i ned a fracture for a corrected l oad l eve l l ower than that of some other 
subjects . 

Figure 6 compare s ,  for the ser ies of tests run at 50 km/h us ing 
the same dece l erat ion pattern , the dummy and c adaver primary l oads - as a func­
t ion of the i r  durat ion - measured at the knee stop p iece s ,  as we l l  as  the dum­
my l oads recorded an the femur transducers . The f igure shows that knee l oads 
are very d ifferent between the dummy and cadaver and that dummy knee and femur 
l oads are not equ i va l ent e ither . 

V i ano ( 1 7 )  wrote that the 1 0  kN  def i ned by the FMVSS 208 as a top 
l imit for dummy femur compress i on cou l d  be equated to contact forces an a human 
knee of only 5 . 3  to 8 . 3  k N .  We f i nd t h i s  resu lt  in our test s ;  val ues obta ined 
for femur l oads were 1 5 . 3  and 1 3 . 3  kN and knee l oad i ngs  measured on cadavers 
subjected to the same tests range from 5 to 1 1 . 3 k N .  We can compare these f i ­
gures to the 1 3  k N  ment i oned above ( 8 ) ,  wh ich correspond to the occurrence of 
the f i rst femur fracture for a group of unemba lmed , human subjects , with short 
impact durat i ons but very h igh  contact ve l oc ities  ( 1 0 to 20 m/s ) ,  and so not 
rea l ly mean i ngfu l or rea l i st i c  for the study of impact response and tolerance 
character i st i c s  of the l ower members . Indeed , our experiments conducted in an 
automob i l e  envi ronment l ed to a knee impact ve l oc ity of about 6 m/s femur l oa­
d i ng and i mpact durat ions for  the dummy tests are approximately  the same as  
those obta i ned in  tests with  a dummy and a product ion veh i c l e ,  without stop p ie· 
ces and the knees h i tt i ng the veh i c l e  i n strument pane l . Bear ing these remarks 
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FIG . 6 • FEMUR AND KNEE LOADS FOR lliE DUMMY AND nIE 
CADAVEH TEST UNDER IDENTICAL TEST CONDITION S .  

in  mind , t he 1 0  kN  l i mit not t o  be exceeded o n  a dummy femur does not seem a t  
a l l  excess i ve .  

The d i fference between the buffer loads recorded for the dummy 
and the human subjects i s  due to the bu i l t  of the dummy wh i ch  has a much  grea­
ter meta l  ske l eton mass and a structure wh ich  hard ly  a l l ows any deformat ion 
of the knee area . Consequent l y ,  we c an observe a l oad s i gnal  of a greater am­
p l itude for the dummy though often of a shorter durat ion . 

Furthermore , f igure 7 i nd i cates that dummy femur and knee l oads are 
not equ i va l ent , t h i s  be i ng part l y  due to the fact that the transducer i s  moun­
ted on t he femur whereas knee loads are measured at the art i c u l at ion of the 
knee . We found a mean rat to  of 0 . 85 between the femur l oads and correspond ing 
knee load s . We can see from these few remarks that the dummy responses cannot 
be d i rect ly  transposed to cadavers . The usual  load leve l s  ( FMVSS 208 ) of 10 kN  
is  not comparab l e  to  a s imp le  knee l oad on  a cadaver tested under the same 
cond i t ions . lt 1 i s  therefore d iff i c u l t  to come to a general  conc l u s i on as to the 
comparat i ve response between the dummy and the cadaver and the re l at ionsh i p  
between the va l ues  measured i s  too dependent upon i mpact cond i t ion . 

CONCLUS ION  

An analys i s  of  our data  and compari son with other resu l t s  from 
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tests conducted i n  d ifferent conf igurat ions i nd icate that the force requ i red 
to fracture the femur i s  very much dependent upon test cond i t ions ,  and i n  par­
t i cu l ar on the durat ion of l oad app l i c at ion . Moreover , i n  exper iments carr ied 
out with cadavers , the l arge var iety of subject s i ze ,  age and ske letal  charac­
ter i st i c s  are factors wh ich  contr ibute to the scatter of experiment a l  data 
( fractures occurr i ng or not ) .  Therefore , the character i zat ion of the osseous 
cond i t ion of the subject i s  of primary i mportance . Now , tests are to be con­
ducted but under more severe test cond i t ions so as to obta i n  h igher l oads and 
be able  to better determine the thresholds  for the occurrence of fractures . 
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