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Several research teams are performing experiments on human cadavers for the 
purpose of developinu protcction systems usablc in a vehicle , or of determi
ning hwnan tolcranccs amid Lhc condit i ons imposed by accidents.  In this kind 
of experiment s ,  a wide scatter exists in the level of injuries sustained by 
subjects exposed to identical acc ident simulations . Further more , the degree 
of seriousncss of the injuri c s  s1 1stained by these cadaver s  differs appreciably 
from that of rcal-l ifc victims of car acc idcnts ,  which can be compared with 
the previous simulations i n  thc li ght of thcir violence for the individuals 
concerned .  

These obscrva l i ons i l lu s tratc two o f  thc main difficulties involved in ex
periments with cadavers : inter-ind ividual differences between the sub j ect s ,  
and differenccs bctwccn Llw111 and Lhe populat.ion exposed to risk .  

The purposc of this pap01· i s  to at least partia l ly remedy these difficul t i e s .  
The obj ect i s  t o  show u p  Lhc relations conncct ing the various parameters that 
influence the results  of an acc iclent simulation involving a cadaver. These pa
rameters describe the viole11ce of impact , the body measurements of the subjec t s ,  
their bone cond i ti on ,  and thc number of rib fractures found subsequent t o  tes
t ing , for both frontal and side impac t s .  For this purpose , the f indings of a 
statistical analysis o f  data concernino ovcr 100 subjects are presented. 

The findinas of this analysis makc it  possible not only to show up the in
fluential parameters, but also to pinpoint those of the sub j ects whose grou
ping most accurately represcnts thc pop11la L j on cxposed to risk .  

Fol l owing a rcview o f  thc pr inciples o f  thc method, three sets o f  data per
taining to the sub j ects ' hone condition,  their responses to frontal impact and 
their responses to side impact· w i l l  succcssively be. analys e d .  

I - GENERAL HEMARKS CONCE HN ING FACTORIJ\L ANALYSIS OF THE CORRESPONDENCES 

The data are presented in the form of a rectangular table (kij ) , and , by 
convention, one l ine of this table i s  labelled "individual " ,  with one column 
being headed "variable" or 11character " .  I n  the present case , each individual 
subject i s  represented by a l ine nrouping his character i st i cs ,  such as age , 
sex, nwnber of fractures,  etc . , P.xprc�ss0d in a numerical code . 

The problem i s  to find out which are the principal factors responsible for 
the fact tha t ,  in a data tablc , noL all  the individuals show an identical res
ponse to the various charac tcr s .  

The fac torial analysis o r  corrc•spondcnce ( F .A . C. ) ,  developed by J . P  Benzecri(t) 
proposes lo answer thi s qucst ion by showinu up the relationships (affinities or 
oppositions) l>e Lween both individua l s  anti var i ables.  The F.A . C .  also causes the 
emergence of r0lat ionship� bctwccn Ntch individual and a l l  the other variables , 
or between each separate variable and all the individua l s .  
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The advantauc:-: of this 1110thod l ie s  in the fact that i t  requires only a very 
smal l  number of hypothcses in ordcr to be operat i ona l ,  thereby ensurin�J great 
f lexibi l ity of i t s  usc .  Th<' F.A . C .  accepts any types of tab l e s .  In part icular , 
the data can bc e i tlrnr qualitat ivf' or quant itative ; example : sex and hc ioht , 
etc . ,  the only conclitions l>cino those of homogeneity and exhaustivity. 

Exhau stivity : This ten11 must be taken in its  weak sense . It i s  not a mat
ter of takino into account a l l  thc individuals and � the variables ; it i s  
merely a matter o f  havinn t.he nrcntest possihle number o f  individua l s ,  with 
the hopc of thu s ! J C L t ino a rcprescmta t i ve sampl ing and a sufficient number of 
variables for best describing the popula t i on within the framework of the study . 

llomooeneity : A s ta!]c t i lal i s  prel iminary t o  the F.A . C .  const its of makino 
the data tablc homoucncou s ,  if it i s  not already so . For t h i s  purpose , we use 
a divi sion into classes . 

I f ,  for thc ind iv idua l s ,  thc va1· iable 1 1 j "  takes on val ue s  included betwecn 
"a" and "b " ,  i t  is possi b l e  t o divide thc interval ( a , b )  into three or four 
c lasse s ,  for example ( a , x) ( x , y )  and ( y , b ) . This breaks down the " j "  column 
into three colurnns - 1 1 j 1 1 1 ,  ". i 2" nnd 1 1 j J ' 1 - in order to construct a (kij)  tabl() 
such that : 

i f  ( ki j )  t_ ( a , x) , t lwn k i h  - 1 ,  k i j 2 = O ,  kij 3 == O ,  
the c lasses havc t o  be almost 0qually di stritiuted . 

In the casc� o [  thc cla ta c lealt with h0r0 , the processing prooram begins with 
thc automatic l>reakdown o r  t.hc data into catcn ories so as to homoyeni ;,,e thc 
data table , \vhich tlwre upon consi s t s  s o l c l y  of zeros and ones .  

DESCRIPTION 01' TllE METllOD 

A c l oud N ( I )  of 1 1n1 1  points 1 s  defincd ; each point repre sent s the profi l e  
o f  one individual . 

To describe the c l oud N ( I ) , i t s  centre of gravity i s  used ; i t s  coordinates 
Wj are calculated . 

Starting from the centre of gravity 1 1G 1 1 , the c l oud 1 s  shape i s  described by 
spec ifying the principal direct i ons of e l ongation or principal axes of iner t ia . 
Thi s  raises a second probl.0111 , i . e .  in  order to describe the shape of a c l oud 
in a space 1 1E' 1 , i t is necc ssary t o  dcfine a distance between point s of 11E11 • 
Thi s  leads t o  dc finino a s  rnctrical thc mfflrbcs of the ?< 2 of the centre "G 1 1 

11x 1 1 and 1 1y 1 1 bc i ng two prof l lc s  : d ( x , y) "" .2: ( xj - yj ) 2 

j =' 1 Wj 
Thi s  enables tho findi 11!1 of thr princ i pal axes of e l onoa t i on ,  desi gnatcd 

here as factor .ial axes .  Tlw r -i.r s t  axis d<'l<�rmines the l ine that best fi t s  the 
c l oud ( i n  lhe sense of tlH' leasl squar0s) ; axes 1 and 2 determine the p lane 
that best adjusts  the sarne c loud , etc . 

Wi lh every factoria l axis 1 1 D( 1 1 , therc i s  associated a nwnber 11 /\"'" ,  desi
gnated as the e iaenvalue , which is nothing e l se than a measurement of the iner
t i a  or of the variance of the c l oud relative to this axi s .  The sum 1 1  L?\oc..11 
of the e i u cnvalues thus re1wesent s the c l oud 1 s total variance or t otal inerl ia 
in relati on to its  ccntre of uravity.  I•rom this remark , we get the concept of 
rate : Go<. /\c.</_.t� expressed in % ,  which indicates the relative extent of 
inertia along the axis 1 1 o<.. 1 1 • 

The only romaininn stcp i s  t o  pro j 0c t thc cloud point s onto the axe s ,  or , 
for an im1irovrd prc�scmtation, crn l o  pl nnes de f incd by pair of factorial axe s ,  
i n  order t o  show up, on thc cl oud shape , the proximi t i e s  and d i stances between 
the var i ous points .  It shoulrt b0 noted that this method makes it possible to  
represent sirnul taneously, on l lw fact oria l planes ,  the points representing the 
individua l s  and the charac tnr:=:.  
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ANALYSI S  01" nESULTS 
The decrease of thc 11 Go<." (and , conscquent ly , of the 11 ;;\"'-") informs us as 

to the c l oud ' s  general profile : a very high � 1  (70 to 80 %) indicates a ci
gar shaped e l onriat ion of thc cloud in thc di rcction of axi s 1 ; a very high 
'b 1 + "G 2 characterizcs an extrcmely flat cloud ; an extremely slow decrcase 
of the %()(. i s  synonymou � wj 1 h a sphcrical- shaped cloud. 

The graph:s : Thc forc!Jo i nn i s  no t  :,; u f f  i c i ent to convey information about 
the reality described by thc data tab l c .  T t  is the examinat ion of the plane 
graphs thaL provides thc ! Jr<'a test amount of informat ion. Most of the data scat
ter is swnmari;-,cd in thc pla1 1<' of factorial axes 1 and 2 ; this plane wi l l  be 
examined first , and then planes 1 - 3 or 2 - 3 followed by 1 - 4o, 2 - 4o will 
be examine d .  

In plane 1 - 2,  we be!lin hy inve stiriating the way in which the points ( in
dividuals or variables) are arranoecl alonu axis 1 .  The proximities or distan
ces observed are such that it is uenera l ly possible to assign a meaning to 
this axis ( examples : violence axi s ,  bonc fragi lity axis ,  etc . ) .  The same pro
cedure is employed fol' ax i s  2, tlwn for axis 3 ,  etc . 

As regards the interpretat im1 of an axi s ,  it should be borne in mind that 
the factorial axes are uncorrelated two by two. 

Aids for interprctation : Two nmjor concepts may a i d  in the interpretation 
of the rcsu lt :::; : the co11tr i l >u t i ons ancl thc correlations. 

Contribution of an c lcmcnt to an axis : CTHo\ ( i ) , expressed in %,  indicatcs 
the-r:;;iätivc-I;;;j;örtänc�-ör-t:�;:-;_::1�;;;cnt- { i. IHU vi rlual or variable)  "i I I  for the 
determination of the axis "°'- 1 1 • 

Correlation of a point wi th the axi s : CORo<.( i ) is a nwnber included 
bet;;;;�-ö-;�ä-1-th;t-ch�r;ct;�I7.�s-Lh�-pÖsition of point 1 1 iJ 1 in relat ion to 
the axis 1 1  o<. " · 

COR o<. ( i )  = 1 i f  point 1 1 i "  i s  located along axis " o<.  11 ( not in projection 
onto a plane but in space) . 

COR cx. ( i ) = 0 if the vrctor j o i nino the centre of gravity to point ' ' i 1 1  i s  
orthogonal t o  the axis " "'- 11 • 

I I  - APPLIC/\TION TO ANALYSIS OF SUBJECTS 

The method describcd abovc! was uscd on three sets of data pertaining to 
110 subject s .  

A .  AnalyAis o r  tl w  hone• 1woper!: .i <' s  o f  < 1 2  subjc !cts .for any type of impac t s ,  
the only intervcmin�J ü1c L or bcinu Lhe rcsu l t s  of various hone characterization 
tests. 

B. Analysfl:; of rcspo11s<' L o  frontal impacL : 
- for 4o3 subject s ,  bone con<.Jition not taken into account . 
- for 30 sub j ect s ,  bone condition taken into account . 

C.  Analysis of the responses of 24 subjects who sustained lateral drop test s ,  
bone c ondit ion taken into accoun t .  

These threc sets of data are linkrd , und comparisons make it possible to 
identify the most important fac tors int0rv0n:i.no in the occurrence of rib frac
tures .  l ANALYSIS 01" BONE PROPE R1'IES 

The 62-subj0cis sample c onsid0r0d hcre consists of 1 5  subjects who were gi
ven static thoracic deflcc t i on test s ,  43 subjects tested in simulations of a l l  
types of accident s ,  and four subjcc t s  who had met sudden deaths without pro-
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longed hoi:;pitalizat ion. 
The variables considered are relat ive to the fol lowing items 

- Age (AG) * 
Results of rib mineralization tests 
• C/M : mineral-salt content per unit of rib-fragment mass ( CM) 
• C/L : 111 ineral-salt content per unit of rib-fragment length ( CL) 

- nesults of static bcndina tests : 
• Maximum forc<' c• x e r tod rlurino thr. test ( Ji'F) 

Slope of the forcc/def lect ion curve in its elastic part (LA )  
• Maximum bendinfJ streRs ( SC. ) 
• Young ' s modulus ( MY )  

- Hesults of shearing tests : 
• Maximum force exerted durino the test ( PI<)  
• Absorbed energy ( WC)  ( ) 

The methodology for obtaining these informat ions was described previously.
2 

A s  noted in the description of the data-analysis method, the variabl e s  were 
divided into four classe s .  fo'or each variablr. , Table 1 ,  in the Appendix , l i st s  
the nwnber of classes and the name of each individual class , its limits and 
the number of s11bjects belonging thereto .  

ANALYSIS 01' llESULTS 

The first eigen value (�1 = 0 . 51)  represents 17 % of the total inertia 
( Z:1 = 17 o/o) ; the second (11 2 �" 0 .  J 1) represents 10 % of it ; and the third 
C\ 3 = 0 . 211 ) rc prCl:'C'l1L� fl '){, o f' .i. t. 

The first two axc:::: account for 27 % of the cloud ; i t  wil l  be seen that 
analys i s  of the factorial plane 1 .  2 suffices to explain roughly the phenoma. 

Analysis of the contrihutions -for the first axis shows a considerable con
trast between classe::; 1 aml /h Thosc in c lass 1 are on the negative side and 
those in c lass lJ: are on the posit ive value side , whil e  those in classes 2 and 
3 occupy intermediate positions. It  thereupon becomes possible to assign a 
name t o  this axi s ,  corresponding to hone characteristics in an ascending or
der ; in fact , on plane 1 - 2 ( Figure 1-a) , we note a parabolic distribution 
of the variables.  This is callcd the Gut tmann effect ( 1 ) : it can be inter
preted as the cmergcnce of a unidimcnsional effect . In fact , it  will be seen 
that if wc mov0 alnnu the parabola , we find that the classes are following one 
another ( CL 1 ,  t.lu:m CL2, tlrnn CL3 , then CL4 , and the same for other variables) . 
This parabola can thcrnforc.' '"' i. n t0rpre t o c l  a �  a parabola of increasing hone 
strenoth , thii-> factor bcill ! J  o r  p r .i. 111ary j 111portance for thc interprctation of 
the data . 

If , on the same plane 1 - 2 ,  wo no longer consider the variables but ins
tead consider the individuals ( Fi o .  1-b) , we again find this parabolic dis
tribut ion .  lt can thon ho i:;tated Lho.t thc sequcnce of the subjects occurs 
along the parabola in accordance with thc ascending order of hone characteris
tics.  Sub j ccts 109 , 1 1 2 . 3  and 2H , who havc weak bone condit ions , form a con
trast with sub.j ccts 1'.J<> , S l l '> ,  SD<i , l1 ß ,  etc . This graph hence supplies a c las
sificati on of the subjects on thc basis of bone strength , and makes it possi 
ble to pinpoin L those amono L h c •11 1  whosc l>ono condi t ions are c losest to thosf� of 
the subjccts who had me L suuclcn cl<'a th� ( those subjects are indicated here as 
SD) . It  wi l l  bc noted that subjects 102, 15<> , 3 1 ,  48 and 21 di splay a bone con
dit ion comparable to that of the four SD subjects .  In terms of hone condition ,  
the previous R1ilijects 102 t o  2 1  arc c loscst t o  the real-life populat ion expo
sed to r i s l< .  

( � ) - The let ters between parenthcscs inJicate the codification used . 
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However ,  this statement rnust be nuancecl for certain variab l e s ,  as follows 
Age : Only the AG 1 class contributes to axis 1 ,  with A G 1  being located on 

the side of the best bone condit ions . Hwever ,  classes AG 2 ,  AG3 and AG4, i . e .  
those containing the subjects over 45 , are randomly scattered along plane 1-2.  
On the negative side of axi s 1 ,  toward the poor characterist ic s ,  a threshold 
effect appears ,  with thc younger subjects c learly standing out from the older 
sub j ect s ; but , beyoncl a ccrtain age , there is no langer any relat ionship with 
the bone condition .  

Characterization tests : I f  the var iables FK, LA,  CL, CM , WC and FF are lo
cated approximately alono the parabola in order of increasing value, the same 
i s  not true of SG and MY. SG 1 ,  2 n.nd 3 arc scattere d ,  and only SG 4 is loca
ted with the other class 4 variab l e s .  From this it can be deduced that if a 
sub j ec t  has a very good bone condition ,  h i s  fracture stress wil l  be high, but 
for the low or average stress values it will not be possible to classify hirn . 
Young 1 s  rnodulus i s  located more toward the interior of the parabole1. : this is  
part icularly true for MY 4,  which i s  c l early detached from the other class 4 
variab l e s .  The reason for this i s  that a subject can have an extremely high 
Young ' s  modulus result , whereas his other characteristics are low. Thi s  case 
i s  wel l  represented by sub j ect 111 9 . 11 ,  with heterogeneous characteristics (AG3 , 
CM4 ,  CLl ,  FF3 , MYLt ,  SG3 , FK 1 '  wc 1 ,  LA3 ) . 

Thi s  lcads us to 1 1 se ca1 1 t i on in considcrino thc variables SG and MY in con
nection with a bone charac teri zation, whi lc the bone condit i on is found unam
biguously in the variables such as CL , CM , FF, LA ,  FK ,  and WC. In order to in
crcase th0. numbcr of subjc�cts whosc rcsponscs can be inve st i gated, the bone 
condit ions of thc subjects involved in forthcoming analyses to be performed 
wil l  be approximated by 3 parameters -CL, CM and WC- which clearly represent 
the phenomenon examined herc . The scatter observed on SG and MY does not mean 
that a bending test is of no intcrest ; rather , i t  indicates the scatter of 
the results obtained because of the numerous processes required in order to 
obtain these values (bending test , enlargement of the section, calculation of 
the moment of inertia) . This privileges the raw data such as the maximum force , 
or the elast ic slope . 

In conclusion, this initial analysis has enabled a ranking of subjects on 
the basis of the ir bone condition s ,  pinpointing those that are c losest to the 
real-life population exposcd to risk as concerns bone condit ion. A threshold 
effect for anc has been itlcntifictl .  Thc most significant parameters of bone 
condition were selected from among the ones available for the investigation. 

[ RESPONSE TO FRONTAL IMPACT 1 
Out of lt9 subject s ,  the bonc condi tion data were available for only 30 , and 

i t was possible t o  mcasurc� restraint forces for only 6 of them . This brought us 
to constitute two sampling suboroups ,  as follows : 

- 43 subjects whose anthropometry, ages, forces and accelerations 
were known . 

- 30 subjccts whose bonc conditions were also known but for whom 
force was not taken into considerat ion .  

1 . First sampl inn uro1 1 p  
The variables con::;idcred W<·rc the following : age (AG) , sexe (SX) , height 

( TA ) , weight ( PD) , thoracic accclcration measured in T4 ( GA ) , maximum force 
sustained at the shouldcrs ( FO) , this same force corrected by Eppinger for
mula ( 3 ) x , impact velocity of thc test vchicule ( DV) , maximum intrusion (DL) , 
type of seatbelt ( stat ic TC1 , with retractor TC2 , with pyrotechnical fetraction TCJ ) , and nwnber of rib fractures ( NF) . 

/ x)  - corrected force = Measurcd force >' ( 75 ) 2 3 
subjec tts welght 
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The breakdown into classes is  shown in 'fable I .  
Analysis of resul t s  : The first eiyen value ( A 1 = 0.31) represents 

13 . 5  % of the total inertia , the two following e igen values represent , respec
t ive ly , 9 . 5  and 9 % of thi s inert ia . Analysis of plane 1 - 2 and, accessor ily , 
of axis 3 ,  should enable the c onveyino of rcliable data . 

l"actorial plane 1 :_.?.._(f:igure�_ 2-A and 2-B) : Analysis of the con
tribut ions of the various parametcrs at axis 1 shows up sharp contrasts between 
the extremc-limiL  cases ; in part icular , NF1 contrasts with N F4 ,  DV1 with DV2 ,  
FC1 with FCl1 , and DL3 wi th DL1 . Ta this axi s a signification of violence , both 
for the i111pnct and for thc individual may be oiven. 

Thi s  axi s  c orresponds to an incrcase from right to lcft of the nwnber of 
fractures related , principally, to the corrected restraint forc e ,  which increa
ses with the number of fracturcs and the violence of the test ; the impacts at 
50 kph , involvino extensive intrusion, are located in the positive aera, whi l e  
the impacts a t  60-65 kph are located i n  the negative aera . 

Axis 2 seerns to be a dimensional axi s ,  since we find a sharp contrast bet
ween SX1 and SX2, between PD2 ancl PD4, and between TA1 and TAJ .  A sex-linked 
signification may exist , with the mean low character i stics PD2 and TA 2 for the 
female sub j ccts , SX2 contrastinu '�ith the higher dimensional characteristics 
( TAJ and PDli ) of the male s11bjec b; , SX1. The factorial plane 1 - 2 hence re
presents a combination of two fac tors : a horizontal violence axis and a ver
t ical dimensional axi s .  

Analysis of axes 3 and 11 <.loc s not cmable a simple explanat ion .  We sha l l  
investiuatc only the posi t :ion o r Lhe variables i n  plane 1. - 2 .  

Age : N o  simple relationship cmernes bctween age and the first two axes 
the contributions of the various age c lasi:;es on axes 1 and 2 are low, with the 
exception of AGJ and A.G4 , which contribute 6 . 5  o/o and 5 . 8  % to axis 2. This con
nection between AG3 and shorl: heinhts and between AG4 and tall heights seems 
to be due to chance . 

The relation between the number of fractures and age does not emerge , either 
except for the youngcr individuals in Lhe NF'1 range . 

Acceleration : Thoracic acccleration increases with impact violence and num• 
ber of fracturc s ,  and sccms La bear vcry slight relati onship to axi s 2 ; but 
the various classes are will('ly scntt.crcd on plane 1 - 2 .  

Dimensional para111e ters : The ::;harter subjects appear to be more vulnürable 
than the taller ones : TA. 1 ,  SX2 an<.l PD1 are located on NF4 ,  TA3 ,  TA4 and PD4 , 
with SX1 locatc<l near NJi'1 and with scnsitivity associated more with stature 
( 7 . 7  % contribut i on of TA. 1 to axi s 1 )  than with weight . 

Kind of seat-belt : TC1 and TC2, i . c .  static belt and retractor belt , have 
no l ink with axis 1 ; ouly TC3 ( bl'l l. with pyrotechnical retraction) brinos a 
sl ight contribution to axis 1 .  lt ls  difficult to estimate the influence of 
this equipment . The proxim i Ly of Nl'1 and TCJ seems to indicate a favorable in
fluence , but if the population contained in TC3 is analyse d ,  it appears that 
f ive subjccts were testcd at 'iO kph as aoainst only two at 65 kph. This brings 
TC3 close to DV1 ; the gain contributcd by this equipment will be evaluated by 
other rnethods i.f a larger numbcr of cases fail to become available in the near 
future . 

Subjccts '  positions on plane 1 - 2 : Thc subjects • positi ons on factorial 
plane 1 - 2 an• of interest only in comparison with the results pertaining to 
hone propert i c s .  

( It should bc notcd that the subjects numbered 1 to 30 whose bone properties 
were analyse d .  The numbers coinciclc only from N° 33 on. )  
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lt can bc secn that , i r  wc> considcr thc subj ects c ommon to the two analyse s ,  
subjects N °  148 . 2, 154 . 2 ,  47 , 4 4 ,  33 , 4 1 ,  �3 and 54 l i e  a l ong an axis of de
creasing fractures in plane 1 - 2 ( frontal impac t s ) , whereas they lie along an 
axis of increa si ng bone strength i n  plane 1 - 2 ( bone properties) f o l l owing a 
qua s i - i dentical sequencc ( 148 . 2 ,  47 , 154 . 2, 44 , 4 1 ,  53 , 33 , 54) . 

Thi s  compar i son makes i t  possible to state that the number of fractures i s  
strongly l inked t o  the hone condition defincd i n  the i n i t i a l  analys i s ,  i n  ad
d i t i on to impact viol nnce and restraint force .  

2 .  Second sampl e : frontal impact s with bone condi t i on taken into conside
ration 

Thc analy:·Üs covcrcd JO suh.icc t s  t<'sted under frontal impact condi t i ons , 
concerning whose bone condi t i ons thr<'!C 111eaningful parameters were known . The 
variables talrnn into considcrat i on wcre as fol l ows : age ( AG ) , sex ( SX) , he i ght 
( TA ) , we i u h t  ( PD) , bone data ( C/L notcd CL , C/M noted CM , WC) , impact ve locity 
( DV) , maximum intrusion ( DL) , type of scat-bel t ( TC1 : static bel t or retrac
t or belt ; TC2 : b e l t  with pyrot cchnical retra c t i on )  and number of rib frac
tures ( NF) . 

The breakdown into cla s:=:cs j s :=:hown in 'fabl e  1 .  
Analy s i s  of f i ndin!JS : The mcthodology was the same as before . The 

f i r st two axes reprcscnt 2'J ')!. o r  i nert ia , wh i l e  the third axi s represents 9 % 
thereof . 

Fact orial plane 1 - 2 ( Fig. J) : lt w i l l  be noted that al ong axi s 1 ,  
there i s  a sharp contrast betwecn the extreme characteristics pertaining t o  a g e  
and t o  bone cond i t i on .  CLl and WC1 c on t rast w i t h  CLlt , WC4 and AG 1 .  This axi s 
can be a:=:si gncd a signif ication of bonc cond i t i on .  lt i s  interesting to note 
the pos i t i on of NFl ( number of fractures lowcr than five in the group CL4, WC4 , 
A G 1  ) , wi th NF4 l ocat c d  in al111ost d i rnct opposi t i on ,  t oward WC1 and CL1 .  One 
i s  a l l owed to think that t l 1 i :-: confirms the strong i nf l uence of bone cond i t i on 
and age on the number of r i b  frac turc s .  

Similar l y ,  i t  wi l l  b e  sccn tim t  the fcmale subj ect s ( SX 2 ,  TA 1) are located 
c l ose to CL1 and WC1 ,  ancl tlw.t Lhcy conscqucnt l y  seem to be more vulnerab l e .  

A x i s  2 i s  l e s s  c l carly explainable ; i t  i s  marked by a strong opposi t i on 
between DV1 and DV2, and bctween GA 2 ,  GAJ and GA4. We are tempted to assign a 
violence signif icat i on t o  this axi s ,  with violence intervening here on the n�1-
ber of fracturcs and a very hinh numbc r ,  on the basis of a populat i on of avcra
ge subj ect s .  

For the agc factor , wc find the thrcshold phenomenon described i n  the f irst 
analysü: ; bone condi t i on i. s rclatcd to an0 for the younger indi vidua l s  on l y .  
Similarly , thc undcr - ')0 ag<' n r oup . i s  associated with the low numbers o f  frac
ture s .  

Bone-condi..!:.._:i,_on_�ha!'a<?t cr:ist i�s- : C/L and WC are strongly l inked t o  thc 
number of fractures ; the c ontrary i s  true of C/M , whose four classes are ran
domly scattered a l ong plane 1 - 2. l'rom this it can be deduced that this para
meter i s  not convenient for pinpointing a subject ' s  overal l resi stance .  

l f  we considcr thc subjPc t s ' pos i t i ons on plane 1 - 2 ,  we again find appro
ximat ely according to axi s 1 ,  thP rank inu in terms of bone condi t i on def i ne1l in 
the first ana l ysi s .  

Othcr va!" ��1'!J:e �  : TIH' d .i.11 1 < ·nsional charactc r i s t i c s  -height and wei oh·l:
show but s l i o l l t  relat i on:;:;lli pf' t o  Lhc f i rst Lwo axes ; only TA 1 tends t oward 
CL1 , WC1 ,  SX2,  but thi s i s  clue to Lhc fcmale sub j ect s '  sma l l  size . 

Accelerat i on seems t. o bc• only faintly l inked t o  the number of fracture s ,  ex
cept for GAL1 , i . e .  for a thoracic accel eration greater t han 80 g ,  we are c l ose 
to NF4. lt was not possible to show up the effect of the di fferent seat-belt 
type s ,  for thc same rcasons as bcforc . 
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In the light of lhc rcs1 1 l t s  of thifl invcstigation, there i s  reason t o  fecl 
surprised by the relat ive importance of hone condition in the total inj ury pat
tern. The importance of impact violence appears secondary . In fact , it should 
be noted that althouoh the RUbjects '  condit ions are highly variable , this does 
not hold true for thc violcnce , since all the frontal impacts considered here 
are located on a very short range of violence. Other analyses concerning the 
results of more variod tc s t s  covcring a largc number of differing test condi
t i ons would doubt less yicld dif fcrnnt resul t s  without being contradictory . 

A s  a conclusion to these two frontal impact analyses ,  one of the main f in
dings that emerge is tha� in adrlition to the violence of the test and of the 
restraining force s ,  bonc condition docs have a great influence on the total 
thoracic injury pattcrn . J\111ono tl w  bone characteri stics noted , two di splay a 
c lose relationship with thc nwnber of rib fractures : one is  the mineral-salt 
content per unit of lenuth ( C/L) und thc othcr is the energy recorded during 
a shearing test ( WC) . ( Th i s  rclationship between WC or CL and NF is primari ly 
verified for the extreme classcs . )  

RESPONSE TO SIDE IMPACT 1 
The corresponding tests havc a lready been described ( lt ) . Sufficient data we

re available for only 2LJ- subjects ; in addition, it was possible to measure 
thoracic deflection for 1h subjccts only . In view of this extremely low numher , 
we d i scarded the idea of includino this latter measurement in the analysi s ,  
despite i t s  interest . This re111ark indicates the l iniits of the method : the num
ber of 24 sub j ects rcprcsent s  a small  population when we realize that the num
ber of variables brokcn down into classcs amounts to 4.4 .  

The conclusions of  this investina t i on must therefore be viewed cautiously . 
Eleven variables werc taken into considerat ion : age (AG ) , sex ( SX) , values 
related t o  hone condition ( C/L noted CL , C/M noted CM and WC ) ,  the 
thoracic perimeter ( DI) , the drop height (NC) , the type of shock-absorbent ma
terial used ( PA ) - ( PA 1 ,  rigid surface ; PJ\ 2,  thin rigid shock-absorbent material 
PAJ ,  thick rigici padding ; PAL1 , morc flexible paddina ) - force exerted on thc 
ehest ( FD) , thoracic accelcration mcasurcd in T4 (GA)  and the number of rib 
fractures ( N fi') . The breakdown into clai:;scs is  shown in Table 1 .  

Thc first lwo axcs account for 26.3 % of the inertia. 
Factorial plane 1 - 2 ( l•'i ! J .  Li ) : On axis 1 ,  the contribution of' all classes 

of variab l e s  is almost identical ( 2. 4.  %) ; only SX1 (male subjects) represent 
a neg l ictible contribution .  TI1is  axi s corresponds to a violence axis as con
cerns both thc impact para111ctcrf' ( l !C ,  FD and GA) and the total inj ur ir�s (!'iF) . 
Similarly , i t will be notcd that t h i s  axis corresponds to the bone condi t i on : 
CL4. , A G 1 ,  AG2 and WC4 are in opposi t ion t o  CL1 and WC1 .  

Axis 2 has a less clcar signification . It i s  marked by the opposit i on bet
ween HC1 ,  PA 1 and HC2, PA4. .  The positive values are l inked to the rigid-surface 
impacts ( PA 1 ,  HC1) ; the ncuative values are linked to the impacts against a 
prepared surface ( PAL1) from hi�1her fal l :inu heiuht s .  

If we considcr the subjcct s '  di.stribution i n  plane 1 - 2,  we note that i f  
we compare the subjects ' posi t i ons alon9 axis 1 with their posit ions on the 
bone-condit ion parabola, W<' d o not find the samc subject classificat ion as with 
the previ ous frontal- impac t arn1ly1:. d s .  This is d u c  to the variety of thc tcst.inn 
mcthods whosc (lffcct is  prcpondcranl in rcla L i on to the differences in bone re
sistance.  

Age : A s  in the other analysi s ,  a thr<'shold emerges : A G 1  and AG2 ( subjects 
aged under LJ:7 )  arc in opposition to J\GJ , J\Gl1 and AG5.  

Shock absorbent materials : In view of the heterogeneity of testing condi
tions and the small number of sub j ec t s ,  it is difficult to make a judgment . 
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Nevertheless, it can be sccn that along axis 1 ,  PA 1 and PA4 are in opposition 
to PA 2 and PAJ ,  i . e .  thaL Lhc irnpacts against rigid surfaces and yielding shock 
absorbent materials are in opposition to those occurring against hard shock
absorbent materials.  This contradict ion ,  which associates rigid-surface impact s  
with prepared- surface impac t s ,  is  merely a seeming contradiction ; actually , 
all  the rigid-surface impacts were performed at drop heights of 0 . 5  or 1 meter 
( HC1) , and those against prcparccl surfaces were performed at drop heights of 
two meters ( HC2) . This enablcs us to dcducc Lhe advantageous features of type 
4 ,  which distinguishes i t self from the two others ( PA 2  and PAJ)  under similar 
testing conditions . 

Other variables : Likc tlw two prcvious analyse s ,  this analysis failed to 
point up any dimensional effcct ; the various classes of the thoracic perime
ter ( D I )  arc randomly distributed on plane 1 - 2. 

The female subjects are locatcd toward the high number of fractures . Among 
the three bone-condition parametcrs ,  two appear to be l inked to the subject ' s  
overal l  resistance ( C/L and WC) . The various classes of C/M are randomly dis
tributed on plane 1 - 2.  We find thc same rcsult as for frontal impact .  

Analysis of side impacts showH up the limits of the method. We nevertheless 
confirmed thc advantageous featurcs of two parameters -bone condition (C/L and 
WC) - as comparcd with thc third onc usctl (C/M) . Another interesting result i s  
the ascertaining of thc relative quality of type - lt padding , the nwnber of 
rib fractures bcing prirnarily tlcpcndcnt on impact violence . This shows the at
tract iveness of the method for comparing protection systems . 

III - CONCLUSIONS 

1 .  In orclcr to asscs L I H '  influcncc of various parameters available aftcr 
simulati on of frontal or sidc irnpacts involving cadavers , a data-analysis me
thod was used on four sample groups . 

2 .  A hierarchical classificat ion of subjects in terms of bone conditions 
was define d .  

J .  Thc strona influcmc<' o f  Lwo bon<'-concli tion parameters (mincralization 
contcnt per uni l of rib 11' 1 101.h nncl rib shcaring stress) on the ovcrall inj ury 
pattern was ver i f ied , for both frontal and side impact s .  

4 .  A resistance lhrcshold was dctccted . The subjects aged over 4 5  t o  50 
appear to be much more vulnerab l e ,  but no specific relation can be found l in
king the overal l  injury pat tern to age. 

5.  The female subjects emerge as more vulnerable in the three sample groups 
of frontal and side impac t s .  

6 .  The subjcct s '  ovcral l  dimensional characteristics seem t o  have but l i t t l e  
influence on the ntunbcr o f  fracturcs, except a s  concerns the small-sized sub
j ect s ,  without i t �  bc:i.nn po:->sibl c  to mal<e a distinct i on between the cffect due 
to scx antl thf' cfff'ct. < I I I < '  l . o  s i 7,f' , which al'f' two l inkcd parametcrs . 

7 .  A s  concerns frontal impac t s ,  thc subjccts emerge as more sensitive to va
riations in bone contli lion t han to variations in the violence parameter s .  Ho
wever ,  the corrected 111aximw11 rcstraint force increases significantly with the 
number of fractures . Such a strongly-marked phenomenon is not observed for tho
racic acceleration ; howcve r ,  cxtremely high values lead to severe total inju-
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ry pattcrn s .  

8 .  Analysis o f  side impact s ,  since it concerns a less numerous populati on ,  
yields a lesser amount of information ; i t  nonetheless confirmed the influence 
of hone condition and the value of the method in the assessment of protection 
systems .  

9 .  Aiming at drawing conclusions from sets of biomechanical results,  the 
use of F.A . C  al lowed the release of useful informations about human thorax im
pact tolerance . 

However , more preci se conc lusions were possible when this method uses 
more numerous sample s .  This emphasizes the interest in a pool of data among se
veral research team s .  With more subj ect s ,  the 3 and 4 axes could be analyse d ,  
for exampl e .  
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