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Several research teams are performing experiments on human cadavers for the
purpose of developing protection systems usable in a vehicle, or of determi-
ning huwnan toleranrces amid the conditions imposed by accidents. In this kind
of experiments, a wide scatter exists in the level of injuries sustained by
subjects exposed to identical accident simulations. Further more, the degree
of seriousness of the injuries sustained by these cadavers differs appreciably
from that of real-life victims of car accidents, which can be compared with
the previous simulations in the light of their violence for the individuals
concerned.

These obscrvations illustrate two of the main difficulties involved in ex-
periments with cadavers : inter-individual differences between the subjects,
and differences between Lhem and the population exposed to risk.

The purposc of this paper is to at least partially remedy these difficulties.
The object is to show up the relations connecting the various parameters that
influence the results of an accident simulation involving a cadaver. These pa-
rameters describe the violence of impact, the body measurements of the subjects,
their bone condition, and the number of rib fractures found subsequent to tes-
ting, for both frontal and side impacts. For this purpose, the findings of a
statistical analysis of data concerning over 100 subjects are presented.

The findings of this analysis make it possible not only to show up the in-
fluential parameters, but also to pinpoint those of the subjects whose grou-
ping most accurately represents the population exposed to risk.

Following a review of the principles of the method, three sets of data per-
taining to the subjects' bone condition, their responses to frontal impact and
their responses to side impact will successively be analysed.

I - GENERAL REMARKS CONCEIWNING KFACTORIAL ANALYSIS OF THE CORRESPONDENCES

The data are presented in the form of a rectangular table (kij), and, by
convention, one line of this table is labelled '"individual', with one column
being headed 'variable™" or ''character'". In the present case, each individual
subject is represented by a line grouping his characteristics, such as age,
sex, number of fractures, etc., oxpressed in a numerical code.

The problem is to find out which are the principal factors responsible for
the fact that, in a data table, nol all the individuals show an identical res-
ponse to the various characters.

The factorial analysis ol correspondence (F.A.C.), developed by J.P Benzecr(I)
proposes to answer this question by showing up the relationships {affinities or
oppositions) between both individuals and variables. The F.A.C. also causes the
emergence of relationships between each individual and all the other variables,
or between each separate variable and all the individuals.
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The advantages of this method lies in the fact that it requires only a very
small numbker of hypotheses in order to be operational, thereby ensuring great
flexibility of its use. The I'.A.C. accepts any types of tables. In particular,
the data can be either qualitative or quantitative ; example : sex and height,
etc., the only conditions heing those of homogeneity and exhaustivity.

Exhaustivity : This term must be taken in its weak sense. It is not a mat-
ter of taking into account all the individuals and all the variables ; it is
merely a matter of having Lﬁgmurnatest possible number of individuals, with
the hope of thus getting a representative sampling and a sufficient number of
variables for best describing the population within the framework of the study.

Homogeneity : A stage that is preliminary to the F.A.C. constits of making
the data table homogencous, if it is not already so. For this purpose, we use
a division into classes.

If, for the individuals, the variable "j'" takes on values included between
"a" and '"b", it is possible to divide the interval (a,b) into three or four
classes, for example (a,x) (x,y) and (y,b). This breaks down the "j" column

into three columns -'"jl", "j2" and "j3"- in order to construct a (kij) table
such that :
if (kij) € (a,x), then kijq - 1, kijs = 0, kijg = O,

the classes have to be almost equally distributed.

In the casc: of the data dealt with here, the processing program begins with
the automatic Lreakdown of the data into categ ories so as to homogenize the
data table, which there upon consists solely of zeros and ones.

DESCRIPTION OF THE METHOD

A cloud N(I) of '"n" points is defined ; cach point represents the profile
of one individual.

To describe the cloud N(I), its centre of gravity is used ; its coordinates
Wj are calculated.

Starting from the centre of gravity "G'", the cloud's shape is described by
specifying the principal directions of elongation or principal axes of inertia.
This raises a second problem, i.e. in order to describe the shape of a cloud
in a space 'E", it is necessary to define a distance between points of "E".
This leads to defining as metrical the motrﬁcs of the :X’ of the centre "G'" :
"x" and "y" being two profiles : d(x,y) - ;Z:(Xj - _yd)

j=1 Wj

This enables the finding of the principal axes of elongation, designated
here as factorial axes. The (irst axis detormines the line that best fits the
cloud (in the sense of the least squares) ; axes 1 and 2 determine the plane
that best adjusts the same cloud, etc.

With every factorial axis " ', there is associated a nuwnber " Ay ", desi-
gnated as the eigenvalue, which is nothing else than a measurement of the iner-
tia or of the variance of the cloud relative to this axis. The sum ' 22"
of the eigenvalues thus represents the cloud's total variance or total inertia
in relation to its centre of gravity. From this remark, we get the concept of
rate : Gy = %défhx expressed in %, which indicates the relative extent of
inertia along the axis " o< ".

The only remaining step is to project the cloud points onto the axes, or,
for an improved presentation, onto planes defined by pair of factorial axes,
in order to show up, on the cloud shape, the proximities and distances between
the various points. It should be noted that this method makes it possible to
represent simultaneously, on the factorial planes, the points representing the
individuals and the charactors.
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ANALYSIS OF RESULTS

The decrease of the " G4'" (and, conscquently, of the " Ay") informs us as
to the cloud's general profile : a very high %1 (70 to 80 %) indicates a ci~-
gar shaped elongation of the cloud in the direction of axis 1 j; a very high
%1 + G2 characterizes an extremely flat cloud ; an extremely slow decrcase
of the Gx is synonymous wilh a spherical-shaped cloud.

The graphss ¢ The foregoing is not sufficient to convey information ahout
the reality described by the data table. It is the examination of the plane
graphs that provides the grecatest amount of information. Most of the data scat-
ter is summarized in the plane of factorial axes 1 and 2 ; this plane will be
examined first, and then planes 1 - 3 or 2 - 3 followed by 1 - 4, 2 - 4 will
be examined.

In plane 1 - 2, we begin by investigating the way in which the points (in-
dividuals or variables) are arranged alony axis 1. The proximities or distan-
ces observed are such that it is g@generally possible to assign a meaning to
this axis (examples : violence axis, bone fragility axis, etc.). The same pro-
cedure is employed for axis 2; then for axis 3, etc.

As regards the interprctation of an axis, it should be borne in mind that
the factorial axes are uncorrelated two by two.

Aids for interpretation : Two major concepts may aid in the interpretation
of the results : the contributions and the correlations.

Contribution of an clement lo an axis : CTRx (i), expressed in %, indicates
the relative importance of (he olement (individual or variable) "i" for the
determination of the axis "o ".

Correlation of a point with the axis : CORdﬂi) is a number included

bet;ééaﬂaﬁaﬁa—E_EEQE_EESFEEE;;{;EE-[EE-Bagition of point 11 in relation to
the axis " o4 ".

CORx (i) = 1 if point "i" is located along axis "' (not in projection
onto a plane but in space).

CORD((i) = 0 if the vector joining the centre of gravity to point "i" is
orthogonal to the axis " '".

ITI - APPLICATION TO ANALYSIS O SUBJECTS

The method described above was used on three sets of data pertaining to
110 subjects.

A. Analysis of the bone propertics of G2 subjects for any type of impactls,
the only intervening factor being the results of various bone characterization
tests.

B. Analysis of responsc to f(rontal impact :

- for 43 subjects, bone condition not taken into account.
- for 30 subjects, bone condition taken into account.

C. Analysis of the responses of 24 subjects who sustained lateral drop tests,
bone condition taken into account.

These threc sets of data are linked, and comparisons make it possible to
identify the most important factors intervening in the occurrence of rib frac-
tures.

ANALYSIS OI' BONE PROPERTIES

The 62-subjects sample considered here consists of 15 subjects who were gi-
ven static thoracic deflection tests, 43 subjects tested in simulations of all
types of accidents, and four subjects who had met sudden deaths without pro-
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longed hospitalization.
The variables considered are rclative to the following items @
- Age (AG)*
~ Results of rib mineralization tests :
. C/M : mineral-salt content per unit of rib-fragment mass (CM)
. C/L : mineral-salt content per unit of rib-fragment length (CL)
~ Results of static bending tests @
. Maximum force exerted during the test (FF)
. Slope of the force/deflection curve in its elastic part (LA)
. Maximum bending stress (SG)
. Young's modulus (MY)
~ Results of shearing tests :
. Maximum force exerted during the test (PK)
. Absorbed energy (WC) )
The methodology for obtaining these informations was described previously.
As noted in the description of the data-analysis method, the variables were
divided into four classes. [Ffor each variablce, Table 1, in the Appendix, lists
the number of classes and the name of each individual class, its limits and
the number of subjects belonging thereto.

ANALYSIS OI' RESULTS

of the total inertia
of it ; and the third

0
0

The first ecigen value (}1 = 0.51) represents 17 Y
(Cl = 17 %) 3 the second (}2 = 0.31) represents 10 Y
(3 = 0.24) represents 8 % of it.

The first two axes account for 27 % of the cloud ; it will be seen that
analysis of the factorial plane 1.2 suffices to explain roughly the phenoma.

Analysis of the contributions for the first axis shows a considerable con-
trast between classes 1 and &. Those in class 1 are on the negative side and
those in class 4 are on the positive value side, while those in classes 2 and
3 occupy intermediate positions. Tt thereupon becomes possible to assign a
name to this axis, corresponding to bone 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 called the Gutimann effect ( 1 ) : it can be inter-
preted as the cmergence of a unidimensional effect., In fact, it will be seen
that if we move along the parabola, we find that the classes are following one
another (CL1, then CL2, then CL3, then CL4, and the same for other variables).

This parabola can thercefore be interpreted as a parabola of increasing bone
strength, thisx factor being of primary importance for the interpretation of
the data.

If, on the same plane 1 - 2, we no longer consider the variables but ins-

tead consider the individuals (Iig. 1-b), we again find this parabolic dis-
tribution. It can then be stated that the sequence of the subjects occurs
along the parabola in accordance with the ascending order of bone characteris-
tics. Subjects 109, 112.3 and 28, who have weak bone conditions, form a con-
trast with subjects 156, Sb5, SN6, 48, etc. This graph hence supplies a clas-
sification of the subjects on the basis of bone strength, and makes it possi-
ble to pinpoint those among them whose bone conditions are closest to those of
the subjeccts who had mel sudden deaths (these subjects are indicated here as
SD). It will be noted that subjects 102, 156, 31, 48 and 21 display a bone con-
dition comparable to that of the four SD subjects. In terms of bone condition,
the previous subjects 102 to 21 are closcst to the real-life population expo-
sed to risk.

(*) - The letters between parentheses indicate the codification used.
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However, this statcment must be nuanced for certain variables, as follows :

Age : Only the AG1 class contributes to axis 1, with AG1 being located on
the side of the best bone conditions. Hwever, classes AG2, AG3 and AGL, i.e.
those containing the subjects over 45, are randomly scattered along plane 1-2.
On the negative side of axis 1, toward the poor characteristics, a threshold
effect appears, with the younger subjects clearly standing out from the older
subjects ; but, beyond a certain age, there is no longer any relationship with
the bone condition.

Characterization tests : If the variables FK, LA, CL, CM, WC and FF are lo-
cated approximately along the parabola in order of increasing value, the same
is not true of SG and MY. SG 1, 2 and 3 are scattered, and only SG 4 is loca-
ted with the other class 4 variables. I'rom this it can be deduced that if a
subject has a very good bone condition, his fracture stress will be high, but
for the low or average stress values it will not be possible to classify him.
Young's modulus is located more toward the interior of the parabola : this is
particularly true for MY 4, which is clearly detached from the other class 4
variables. The reason for this is that a subject can have an extremely high
Young's modulus result, whereas his other characteristics are low. This case
is well represented by subject 149.4, with heterogeneous characteristics (AG3,
CML, CL1, FF3, MYL, SG3, K1, WCl, LA3).

This leads us to usc caultion in considering the variables SG and MY in con-
nection with a bone characterivzation, while the bone condition is found unam-
biguously in the variables such as CL, CM, FF, LA, FK, and WC. In order to in-
crecase the number of subjects whose responses can be investigated, the bone
conditions of the subjects involved in forthcoming analyses to be performed
will 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 interest ; rather, it 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 elastic slope.

In conclusion, this initial analysis has enabled a ranking of subjects on
the basis of their bone conditions, pinpointing those that are closest to the
real-life population exposed to risk as concerns bone condition. A threshold
effect for age has been identified. The most significant parameters of bone
condition were selected from among the ones available for the investigation.

RESPONST, TO IFRONTAL IMPACT

Out of 49 subjects, the bone condition data were available for only 30, and
it was possible to mecasure¢ restraint forces for only 6 of them. This brought us
to constitute two sampling subgroups, as follows :

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

- 30 subjects whose bone conditions were also known but for whom
force was not taken into consideration.

1. First sampling group

The variables considercd were the following : age (AG), sexe (SX), height
(TA), weight (PD), thoracic acceleration measured in T4k (GA), maximum force
sustained at the shoulders (f0), this same force corrected by Eppinger for-
mula (3)*, impact velocity of the test vechicule (DV), maximum intrusion (DL),
type of seatbelt (static TC1 , with retractor TC2 , with pyrotechnical

etraction TC3 ), and number of rib fractures (NF). /
x) - corrected force = Measured force;c( 75 ) 2/3
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The breakdown into classes is shown in Table I.

Analysis of results : The first eiyen value ( Zq = 0.31) represents
13.5 % of the total inertia, the two following eigen values represent, respec-
tively, 9.5 and 9 % of this inertia. Analysis of plane 1 - 2 and, accessorily,
of axis 3, should cnable the conveying of reliable data.

l'actorial plane 1 - 2 (Figures 2-A and 2-B) : Analysis of the con-
tributions of the various parameters at axis 1 shows up sharp contrasts between
the extreme-limit cases ; in particular, NF1 contrasts with NF4, DV1 with DV2,
I'C1 with FCh, and DL3 with DL1. To this axis a signification of violence, both
for the impact and for the individual may be given.

This axis corresponds to an increase from right to left of the number of
fractures related, principally, to the corrected restraint force, which increa-
ses with the number of fractures and the violence of the test ; the impacts at
50 kph, involving extensive intrusion, are located in the positive aera, while
the impacts at 60-65 kph are located in the negative aera.

Axis 2 seems to be a dimensional axis, since we find a sharp contrast bet-
ween SX1 and SX2, between PN2 and PD/%, and between TA1 and TA3. A sex-linked
signification may ecxist, with the mean low characteristics PD2 and TA2 for the
female subjects, SX2 contrasting with the higher dimensional characteristics
(TA3 and PDh4) of the male stbjects, SX1. The factorial plane 1 - 2 hence re-
presents a combination of two factors : a horizontal violence axis and a ver-
tical dimensional axis.

Analysis of axes 3 and /» does not enable a simple explanation. We shall
investigate only the position of the variables in plane 1 - 2.

Age : No simple relationship cmerges between age and the first two axes ;
the contributions of the various age classes on axes 1 and 2 are low, with the
exception of AG3 and AGA, which contribute 6.5 % and 5.8 % to axis 2. This con-
nection between AG3 and short heights and between AGA and tall heights seems
to be due to chance.

The relation between the nunber of fractures and age does not emerge, either
except for the younger individuals in the NF1 range.

Acceleration : Thoracic acceleration increases with impact violence and num-
ber of fractures, and seems to bear very slight relationship to axis 2 ; but
the various classes are widcly scatterced on plane 1 - 2.

Dimensional parameters : The sihorter subjects appear to be more vulnerable
than the taller ones : TA1, SX2 and I'D1 are located on NF4, TA3, TA4 and PDh4,
with SX1 located near NI'l and with sensitivity associated more with stature
(7.7 % contribution of TA1 to axis 1) than with weight.

Kind of seat-belt : TC1 and TC2, i.c. static belt and retractor belt, have
no link with axis 1 ; only TC3 (belt with pyrotechnical retraction) brings a
slight contribution to axis 1. It is difficult to estimatec the influence of
this equipment. The proximity of NIl and TC3 seems to indicate a favorable in-
fluence, but if the population contained in TC3 is analysed, it appears that
five subjects were tested at 50 kph as against only two at 65 kph. This brings
TC3 close to DV1 ; the gain contributed by this equipment will be evaluated by
other methods if a larger nmumber of cases fail to become available in the near
future.

Subjects' positions on plane 1 - 2 : The subjects' positions on factorial
plane 1 - 2 arc of interest only in comparison with the results pertaining to
bone propertics.

(It should be noted that the subjects numbered 1 to 30 whose bone properties
were analysed. The numbers coincide only from N° 33 on.)
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It can be seen that, i{ we consider the subjects common to the two analyses,
subjects N° 148.2, 154.2, h7, 4L, 33, 41, 53 and 54 lie along an axis of de-
creasing fractures in plane 1 - 2 (frontal impacts), whereas they lie along an
axis of increasing bone strength in plane 1 - 2 (bone properties) following a
quasi-identical sequence (148.2, 47, 15hk.2, hh, 41, 53, 33, 54).

This comparison makes it possible to state that the number of fractures is
strongly linked to the bone condition defined in the initial analysis, in ad-
dition to impact violence and restraint force.

2. Second sample : frontal impacts with bone condition taken into conside-
ration

The analysis covered 30 subjects tested under frontal impact conditions,
concerning whose bone conditions three meaningful parameters were known. The
variables talken into consideration were as follows : age (AG), sex (SX), height
(TA), weight (PD), bone data (C/L noted CL, C/M noted CM, WC), impact velocity
(DV), maximum intrusion (DL), type of scat-belt (TC1 : static belt or retrac-
tor belt ;3 TC2 : belt with pyrotechnical retraction) and number of rib frac-
tures (NF).

The breakdown into clas:zes is shown in Table 1.

Analysis of findings : The mecthodology was the same as before. The
first two axes represent 25 Y of inertia, while the third axis represents 9 %
thereof.

Factorial plane 1 - 2 (Fig. 3) : Tt will be noted that along axis 1,
there is a sharp contrast between the extreme characteristics pertaining to age
and to bone condition. CL1 and WC1 contrast with CL4&, WC4 and AG1l. This axis
can be assigned a signification of bone condition. It is interesting to note
the position of NI'l (number of fractures lower than five in the group CL4, WCh,
AG1 ), with NF4 located in almost direct opposition, toward WCl and CL1. One
is allowed to think that thix confirms the strong influence of bone condition
and age on the number of rib fractures.

Similarly, it will be seen that the female subjects (SX2, TA1) are located
close to CL1 and WC1, and that they conscequently seem to be more vulnerable.

Axis 2 is less clearly explainable ; it is marked by a strong opposition
between DV1 and DV2, and between GA2, GA3 and GA4. We are tempted to assign a
violence signification to this axis, with violence intervening here on the num-
ber of fracturcs and a very high number, on the basis of a population of avera-
ge subjects.

For the age factor, we find the threshold phenomenon described in the first
analysis ; bone condition is rclated to age for the younger individuals only.
Similarly, the under-50 agc group .is associated with the low numbers of frac-
tures.

Bone~-condition characteristics : C/L and WC are strongly linked to the
number of fractures ; the contrary is true of C/M, whose four classes are ran-

domly scattered along plane 1 - 2. I'rom this it can be deduced that this para-
meter is not convenient for pinpointing a subject's overall resistance.
If we consider the subjects' positions on plane 1 - 2, we again find appro-

ximately according to axis 1, the ranking in terms of bone condition defined in
the first analysis.

Other variables : The dimensional characteristics ~height and weight-
show but slight }éiétionships to the first two axes ; only TA1 tends toward
CL1, WC1, SX2, but this is due to the female subjects' small size.

Acceleration seems to be only faintly linked to the number of fractures, ex-
cept for GA4, i.e. for a thoracic acceleration greater than 80 g, we are close
to NF4. Tt was not possible to show up the effect of the different seat-belt
types, for the same reasons as before.

175



In the light of the results of this investigation, there is reason to feel
surprised by the relative importance of borne condition in the total injury pat-
tern. The importance of impact violence appears secondary. In fact, it should
be noted that although the subjects' conditions are highly variable, this does
not hold true for the violence, since all the frontal impacts considered here
are located on a very short range of violence. Other analyses concerning the
results of more variecd tests covering a large number of differing test condi-
tions would doubtless yield different results without being contradictory.

As a conclusion to these two frontal impact analyses, one of the main fin-
dings that emerge is that, inh addition to the violence of the test and of the
restraining forces, bone condition docs have a great influence on the total
thoracic injury pattern. Among the bone characteristics noted, two display a
close relationship with the number of rib fractures : one is the mineral-salt
content per unit of length (C/L) and the other is the energy recorded during
a shearing test (WC). (This relationship between WC or CL and NF is primarily
verified for the extreme classecs.)

RESPONSE TO SIDE IMPACT

The corresponding tests have already been described (4). Sufficient data we-
re available for only 24 subjects ; in addition, it was possible to measure
thoracic deflection for 14 subjects only. In view of this extremely low number,
we discarded the idea of including this latter measurement in the analysis,
despite its interest. This remark indicates the limits of the method : the num-
ber of 24 subjects represents a small population when we realize that the num-
ber of variables broken down into classes amounts to 4k.

The conclusions of this invesligation must therefore be viewed cautiously.
Eleven variables werc taken into consideration : age (AG), sex (SX), values
related to bone condition (C/I, 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)-(PA1l, rigid surface ; PA2, thin rigid shock-absorbent material
PA3, thick rigia padding ; PA/, morc flexible padding)- force exerted on the
chest (¥FD), thoracic acceleration mcasurcd in T4 (GA) and the number of rib
fractures (NI’). The breakdown into classcs is shown in Table 1.

The first two axes account for 206.3 % of the inertia.

Factorial plane 1 - 2 (Fig. 4) : On axis 1, the contribution of all classes
of variables is almost identical (2.4 %) ; only SX1 (male subjects) represent
a neglictible contribution. This axis corresponds to a violence axis as con-
cerns both the impact parameters (HC, FD and GA) and the total injuries (NF).
Similarly, it will be noted that this axis corresponds to the bone condition :
CL4, AG1l, AG2 and WChk are in opposition to CL1 and WC1.

Axis 2 has a less clear signification. It is marked by the opposition bet~
ween HC1, PA1 and HC2, PAL. The positive values are linked to the rigid-surface
impacts (PA1, HC1) ; the ncyative values are linked to the impacts against a
prepared surface (PA!t) from higher falling heights.

If we consider the subjects' distribution in plane 1 - 2, we note that if
we compare the subjects! positions along axis 1 with their positions on the
bone-condition parabola, we¢ do not find the same subject classification as with
the previous frontal~impaci analysis. This is duce to the variety of the testing
mcthods whose ffect is preponderant in relation to the differences in bone re-
sistance.

Age ¢ As in the other analysis, a threshold emerges : AG1l and AG2 (subjects
aged under 47) arc in opposition to AG3, AGAL and AGS5.

Shock absorbent materials : In view of the heterogeneity of testing condi-
tions and the small number of subjects, it is difficult to make a judgment.
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Nevertheless, it can be scen that along axis 1, PA1 and PAL are in opposition
to PA2 and PA3, i.e. that Lhe impacts against rigid surfaces and yielding shock
absorbent materials are in opposition to those occurring against hard shock-
absorbent materials. This contradiction, which associates rigid-surface impacts
with prepared-surface impacts, 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 preparcd surfaces were performed at drop heights of
two meters (HC2). This enables us to deducc the advantageous features of type
L, which distinguishes itself from the two others (PA2 and PA3) under similar
testing conditions.

Other variables : Like the two previous analyses, this analysis failed to
point up any dimensional effect ; the various classes of the thoracic perime-
ter (DI) are randomly distributed on plane 1 - 2.

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

Analysis of side impacts shows up the limits of the method. We nevertheless
confirmed the advantageous featurcs of two parameters -bone condition (C/L and
WC)- as compared with the third one used (C/M). Another interesting result is
the ascertaining of the relative quality of type - 4 padding, the number of
rib fractures being primarily dependent on impact violence. This shows the at-
tractiveness of the method for comparing protection systems.

IIT - CONCLUSIONS

1. In order to asscs the influence of various parameters available after
simulation of frontal or side impacts involving cadavers, a data-analysis me-
thod was used on four sample groups.

2. A hierarchical classification of subjects in terms of bone conditions
was defined.

3. The strong influence of (wo bonce-condition parameters (mineralization
content per unit of rib length and rib shcearing stress) on the overall injury
pattern was verified, for both frontal and side impacts.

L, A resistance threshold was detected. The subjects aged over 45 to 50
appear to be much more vulnerable, but no specific relation can be found lin-
king the overall injury pattern to age.

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

6. The subjects' overall dimensional characteristics seem to have but little
influence on the number of fracturecs, except as concerns the small-sized sub-
jects, without ils beiing possible to make a distinction between the effect due
to sex and the offect due to size, which arc two linked parameters.

7. As concerns frontal impacts, the subjects emerye as more sensitive to va-
riations in bone condition than to variations in the violence parameters. Ho-
wever, the corrected maximum restraint force increases significantly with the
number of fractures. Such a strongly-marked phenomenon is not observed for tho-
racic acceleration ; however, extremely high values lead to severe total inju-
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ry patterns.

8. Analysis of side impacts, since it concerns a less numerous population,
yields a lesser amount of information j; it nonetheless confirmed the influence

of bone 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 allowed the release of useful informations about human thorax im-
pact tolerance.

However, more precise conclusions were possible when this method uses
more numerous samples. This emphasizes the interest in a pool of data among se-
veral research teams. With more subjects, the 3 and 4 axes could be analysed,
for example.
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TABLE 1 - FOR THE FOUR ANALYSED SAMPLES, SUMMARY OF CIASSES FFOR EACH PARAMETER

- Bony condition @ - Frontal impacts
- Frontal impact with osseous condition @ -~ Lateral impacts
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FTGURT, 1 - BONY CONDITION
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a) Location of

FIGURE 2 - FRONTAL
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FIGURE 4 - LATERAL IMPACTS
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