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As an introduction to the general therne of the IRC OBI conf e
rence 1988 this pa�er describes sorne biornechanical issues 
where the application of biornetri'c approaches is necessary. 
The following problern areas are dealt with: population at 
risk, randorn sarnpling for in-depth studies, injury probability 
rnodels {probit, logit, Weibull) and establishing of protection 
cri teria of durnrnies. The general airn of the paper is to in
crease the awareness of the significance for a rnore intensive 
cooperation between biornechanics and biostatistics. 

INTRODUCTION 

Anyone who counts or rneasures is f aced wi th the problern of 
drawing the valid conclusions frorn his observations and of rna
king comparisons. Without comparisons, the results of his ob
servations are no more than an establishrnent of rnagnitude; 
only cornparisons enable the results obtained to be evaluated. 
The science concerned wi th the rnethodological questions of 
cornparison is statistics. The reference point for selecting 
the appropriate statistical approach is always the definition 
of the particular problern f or which the rneasurernents or counts 
are perforrned. 

Scientif ic questions in biornechanics are frequently concerned 
with the clarification of relationships: The link between rne
chanical loading during accidents and the injuries, and the 
relationships between observations rnade on cadavers and ob
servations rnade on victirns of road traffic accidents are often 
unclarified. It is not without reason that the relationship 
between the protection criteria rneasured on the durnrny and to
lerance levels for the human being is often questioned. 

All observations in biology and rnedicine are characterized by 
the phenornenon of variation in the rneasured values. This ap
plies also to studies of strengths in biornechanics. Biological 
structures such as tissues, organs and bones react differently 
to loads and stress as a result of known and unknown randorn 
influences. Statistics provides appropriate methods for the 
analysis of relationships, taking into consideration the 
spread of the characteristics. 



As an introduction to the general theme of the IRCOBI Conf e
rence 1988, this paper is intended to present a number of 
aspects of statistical methods on the basis of a f ew selected 
problem areas in order to arouse and/or increase the awareness 
of the significance of biometric approaches f or the solution 
of biomechanical problems . The paper is subdivided in accor
dance with Aldman' s  definition of biomechanical terms /1/ . 

1 .  Population at Risk 

In 198 7 8000 people died in road accidents in the 
Federal Republic of Germany . 

From the point of view of the statistician, the road accident 
for an individual road user is a rare event . The enormous num
ber of kilometres driven, i .e .  the mobility of the population, 
is often underestimated . Every road user realizes and accepts 
the risk. Statistically, every car driver must expect to be 
involved in a serious accident on average every 20 years, to 
be injured on the road every 150 years and to be killed every 
6500 years /2/ . 

If the number of persons killed are subdivided according to 
the type of' road user, the following statistics are obtained 
for the Federal Republic of Germany for 1986. 
This table of the official accident statistics shows clearly 
how low the frequencies can be in the individual categories . 
If only specific problem areas are examined, these figures be
come even smaller. 

One example is the statistical breakdown of 32 rear seat pas
sengers without seat belts in the centre seat position during 
head-on collisions taken from an accident study . The results 
are divided into 5 speed ranges and 4 M AIS classes . As a re
sul t of this technically justif ied diff erentia ted breakdown, 
however, a generalized statement is scarcely possible from 
these case figures /3/ . (see fig. 1) 
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Table: 

Killed as 

Killed in 

Qle-party 
accidents 

Coll. with 
another 
road user 

With a: 

-Pedestr. 

-Bicycle 

-1'bped 
-lt:>tor-

cycle 

-car 

-Bus 

-Heavy 
goods veh. 

-other veh. 
or other 
persoo 

Coll. with 
IOOl'e than 
2 road user 

All 
accidents 

Persona killed according to the type of road user f or 
one-party accidents, according to the type of ac
cident opponent for accidents between two road users 
and according to accidents involving more than two 
parties 1986 

Drivers and passengers of 

Pedes Bicycles ft)peds lt:>tor- cars Busses Heavy Goods other Number of 
tri an cycles Vehicles Vehic1es1 Deaths 

and Pers. 

- 92 30 302 1804 4 45 44 2321 

1763 670 211 525 2118 9 53 44 5393 

- 2 1 1 2 - -- -

21 11 - 7 5 - 1 -

4 5 - 2 1 - -- -

68 18 5 10 19 - 1 1 

1379 442 160 371 1360 4 11 25 

47 14 1 13 66 - 4 -

167 144 36 77 567 5 34 17 

80 34 6 44 98 - 2 4 

286 57 18 146 677 2 31 17 1234 

2049 819 259 973 4599 15 129 105 8948 

1 Tractors are included und.er "other Vehicles" 
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Fiq. 1: 
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M AIS breakdown of 32 rear seat passengers not 
wearing seat belts in the centre seat position 
during head-on collisions (from /3/) 

" A  key principle of epidemiology is to def ine the popula tion 
at risk. The choice of an appropriate population depends on 
the use to which the information is to be put" (Bull in / 4/) . 

In order to assess passive accident protection, it is neces
sary to obtain information on persons injured or killed in ac
cidents and persons involved in accidents who were not killed 
but who were subjected to the same or similar risk exposure. 
This can be achieved, ·for example, by studying all the occu
pants in vehicles in which at least one of them is injured. 
For the purposes of biomechanics, the population at risk must 
also be described wi th regard to age, sex, size and type of 
road use using appropriate exposure variables. Determination 
of the population to be protected required a scientific under
standing of the problem and, last but not least, poli tical 
guidelines. 

In the analysis of accident data, statistical methods in the 
form of various types of probability models form a major part 
of the articles in the journal " Accident, Analysis and Preven
tion" . In 1986, Haight concerned himself with the fundamental 
questions of risk definition in this journal /5/ . 

In recent years, "log linear models" have proven to be a sui
table method for analysis of qualitative data from accident 
studies /6/. During this year's conference, Brühning will be 
reporting on this method /7/. 
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The results of in-depth accident studies are of great signifi
cance for a wide range of biomechanical questions . But the re 
striction of this type of data collection to a spatially small 
survey area does not allow statements to be made, for example, 
on collision speeds in accidents between pedestrians and cars 
in the whole of the Federal Republic of Germany . 

In one publication /8/, Tarriere pointed out how widely the 
cumulative frequency functions of the 6v in two in-depth stu
dies in France and the Federal Republic of Germany vary as a 
result of different survey methods . 

Representativity of the data is always necessary if con
clusions are to be derived from these data which are valid for 
all accidents or for a defined sub-population of accidents . 
Representative conclusions can be derived from samples only if 
the sampling error can be quantif ied using random selection . 
In-depth studies are used primarily for analyzing the re
la tionships between physical , technical and medical pa
rameters. If the resul ts are limi ted to 11if-then11 statements, 
the lack of representativity of local accident investigations 
must not necessarily be regarded as a limitation from the out
set . However, statistical methods for analysing these re
lationships require a random sample, i .e .  the accidents recor
ded by a survey team must represent a random sample from the 
population of the accidents in question within the particular 
survey area . Many in-depth accident studies fail to meet this 
demand. 

For this reason, Hautzinger /9 / has developed a random samp
ling plan for performing this type of study at the 
Medizinische Hochschule in Hannover on behalf of the Federal 
Highway Research Institute (B ASt) . The population is taken as 
the total number of accidents involving personal injury repor
ted to the survey team which occur within the survey area du
ring the period of the investigation. In a 2-stage sampling 
process, the survey intervals are selected and individual ac
cidents within these intervals. 

2 .  Iniury Severity, Iniury Criteria and Human Tolerance Levels 

The determination of human tolerance levels to mechanical 
loads is the central theme of biomechanics in the stricter 
sense. The parameters of the load causing the injury are al
ready determined in the def ini tion of the injury cri teria 
using statistical terms: " a physical parameter which cor
relates well wi th a scale of injury severi ty11 (quoted from 
/ 1 / )  . 
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An attempt is thus made to answer the question as to the cause 
by proving a statistical relationship . These relationships 
cannot be analyzed on the basis of accident data, since load 
parameters such as pressure, force, acceleration, area pres
sure, rigidity, elongation, bending, bending force and bending 
torque cannot be measured during the accident . In empirical 
investigations, these relationships are generally analyzed 
using surrogates for the human being . However, this method of 
procedure leads to a number of problems: 

- The number of tests is generally only small, due to the li
mited availability of the test bodies (e .g . animals, cada
vers, tissue sections, etc .) 

- The understanding of biomechanical behaviour is patchy; this 
is true for both the cell level and the organ level, for 
bones, parenchymatous organs and vessels . Even more dif
ficult is the assessment of complete parts of the body,such 
as the thorax or abdomen, which are made up of different 
organs,each with a different biomechanical behaviour 

- The variation in the test results is generally large; age, 
sex, size, weight and previous damage affect the reactions 
of biological material . Test configuration, test result 
recording and data processing are other reasons for the 
spread of results 

- In experimental tests, the loading exposure is often either 
too small or too excessive to cause a certain level of 
damage, e .g .  to produce a bone fracture . Consequently, the 
loading measures are censored: In the group with observed 
fracture as well as in the group without fracture, the data 
are biased 

- The change in the physical variables over time or distance 
must be described by appropriate parameters, e.g . in the 
form of a maximum or rate of ons�t, H IC, etc . 

- The relationships discovered must be transformed for the hu
man being or for the population at risk using correction 
factors or probability functions (transformation of damage 
criteria into injury criteria as defined in the terminology 
of / 1/) . 

Let us now continue by examining a number of these problems 
using examples taken from relevant literature and to describe 
some statistical methods of solution . 

2. 1 Examples from Literature 

The starting point f or determining human tolerances is the as
sessment of the injury severity . As is known, this can be as
sessed in a number of ways . One internationally recognized me
thod is scaling using the abbreviated injury scale ( A IS) / 1/. 

6 



Using the "six degrees of severi ty of this scale, the injury 
severity is ranked rnostly on the criteria of threat to life" 
(quoted frorn / 10/). In a study by Sorners, a logistic regres
sion analysis is used to try to deterrnine the odds of death 
(as probability that the victirn will die divided by the proba
bili ty that the vic�im will not die) using various AIS eodes. 
A new traurna s eore ealled the probabili ty of death s eore is 
thus obtained from these statistical analyses and used in / 1 1/ 
as a rneasure for use in planning and evaluating a ecident pre
vention. 

The referen ee to these works is intended to indi eate that sta
tisti eal problems o e eur even during scaling of the injuries; 
in this respe et, the overall assessment of multiple injuries 
should also be mentioned as a problern. 

The following f igure frorn a study by / 12/ again shows clearly 
the wide spread, here on the basis of the relationship between 
stati e ehest load and deflection. 

The eurves show a elear distinction between the resul ts for 
volunteers and those for eadavers; the tests on volunteers in 
relaxed or tensed rnode also show different results. The pre
paration of the eadavers also has an influen ee on the thorax 
response. 
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HSRI Human volunter tests 

HSRI Unemb•lmed cad•vers 

!:::::;:;:::�::;:;·::;:;-! Re f . : NAH UM , 19 71 

� Ref.: PATRICK, 1965 
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Oeflect1on in 1nches 

Fig. 2: Comparison of static ehest load/defle etion eurves A- P 
(from / 12/). 

Methods of scaling and normaliza tion are used to redu ee the 
variation. The skull bone condition factor / 13/ ean be eonsi
dered as an example for this kind of variation reduction. This 
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f actor has been obtained by means of f actorial component ana
lysis and takes simultaneously into account different pararne
ters to characterize the anthropornetry and resistance of the 
skull (e .g. head mass, rnineralization of the skull cap, trans
versal diarneters of the head). As an exarnple of normalization, 
we can consider the forrnula of Eppinger /1 4/, which dernon
strates that the nurnber of rib fractures (N F) can be predicted 
quite well by 

N F  = -18 .66 + 0.00955 NB F + 0.327 Age with NB F =(maxirnurn upper 
torso belt force) times [ 165 ] 2/3 

mass of the subject 

The werk of Eppinger and Marcus /15/ proposes that the rnecha
nical load be characterized by a cornbination of several physi
cal pararneters instead of a single injury criterion: "The se
verity of injury produced in the thorax is proportional to the 
arnount of specific energy that the thorax rnust absorb, inver
sely proportional to the area over which the energy is deli
vered and the length of time over which this is accomplished". 
Viano and Lau /16/ favour the concept of a viscous tolerance 
(deformation velocity and compression sensitive tolerance) as 
an injury cri terion f or the thorax . Using probi t analysis, 
they estirnate the probability of serious or fatal injuries as 
a function of the maximum viscous response . 

Related literature contains a small number of other works 
which specify the probability of injury as a function of me
chanical load parameters using statistical methods, see for 
example Ran /17/ and Haffner /18/. A separate report at this 
conference will be dealing with logit rnodels as an aproach to 
determining injury predictors in side irnpacts /19/. 

2.2 Statistical Methods 

For a rnore abstract consideration of the above mentioned exam
ples, the following individual steps can be used to develop 
injury prediction models (see also /20/): 

- Study of relation between dependent (injury) and 
independent (rnechanical) variables 

- Review of scatter plots 
- Development of models using statistical procedures 
- Estirnation of errors of fit of the data 

In the study of statistical methods, a distinction is made 
between the following types of scale /21, 22/: Qualitative or 
categorial variables (nominal scale, e.g . sex and ordinal 
scale, e .g .  AIS) and quantitative or metric variables (e.g. 
interval scale such as ternperature, force, pressure) . The fol
lowing statistical methods are among the methods used for ana
lysis and description of the effect of independent variables 
(x) on one or more dependent variables (y) : 

- Independent variable from any scale level, dependent 
variable metric: 

· 

8 



Linear and non-linear simple regression (with one 
dependent and one independent variable) 

- Linear and non-linear multiple regression (with one 
dependent and one vector of independent variables) 

- Multivariate regression (with one vector of 
dependent and one vector of independent variables) 

- Independent variable categorial, dependent variable 
metric: 
- Univariate and multivariate variance analyses 

(depending on whether a dependent variable or a 
vector of variables is used) 

- Independent variable mixed categorial/metric, 
dependent variable metric: With one dependent 
variable: Covariance analysis 

- Independent variable mixed categorial/metric, 
dependent variable categorial: Logistic regression 

This list shows that biometrics is able to provide a number of 
methods for analyzing relationships. In our opinion the low 
level of correct application of statistical methods in 
biomechanical research to date is therefore not due to a lack 
of suitable methods, but to a frequently inadequate co-opera
tion between the disciplines involved . 

The chain of reasoning in these methods can be explained with 
a simple example as follows: 

On N test objects { e. g. cadavers i = 1, N) , p variables are 
measured as influencing factors (x1, ... , Xp); a dependent va
riable y is also observed on N objects. The classic approach 
to univariate linear regression is then: 

Yt = ßo + ß1 Xt 1 + ß2 Xt 2 + . • . • + ßp Xt p + t 1 , i = 1 ,  N 
{t1 as a random error) . 

In the simple case of a discrete categorial regression, the 
dependent variable has only 2 outcomes identified by the code 
0 or 1 / 21/. {y = 1 e .g. injury severity AIS � 4; y = 0 in

jury severi ty AIS < 4) . In a linear probabili ty model, the 
probability {p) that y assumes the value 1 can be estimated by 
determining the regression coefficients ßo, ß1, . . •  ßp, provi
ded the influencing variables x1 .. . Xp are known. Using sta
tistical notation, the regression then reads: 

p = p{x1 ... Xp) = P{y = 1 1 X1 ... Xp) = ßo + ß1X1 + • • •  + ßpXp 

If, instead of p, the regression of $-1 {p) is performed on 
the vector of the influencing parameters, whereby $- 1 is the 
inverse of the standard normal distribution, then the fol
lowing probit model is obtained: 

p = P { Y = 1 1 X1 . . . Xp ) = $ { ßo + ß 1 Xl + . . • + ßp Xp ) 
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In the logit model, the logistic distribution function is used 
instead of the normal distribution: 

p = z where z = ßo + ß1x1 + . • •  + ßpXp 
l + e 

The "maximurn likelihood" method is frequently used to estimate 
the parameter of a distribution function of a random variable. 
The value determined as the parameter is that which maximises 
likelihood L with 

L ( X1 , X2 ... , Xn ) = f ( X1 ) · f ( X2 ) · 

for constant distributions, where 

f (Xn ) 

X1 ,x2 . . .  , Xn = Realizations of n independent,identically 
distributed random variables X1 , X2 . . .  , Xn 

and f(x1), f(x2) .. . ,f(xnl=corresponding density functions/22/. 

Ran et al . have applied the Weibull cumulative frequency 
distribution to define a risk function between exposure data 
and injuries / 17 /. This distribution wi th one variable and 
three pararneters is def ined as 

- (X - 'Y ) B 
p(X � x) = F(x1 a, ß, 'Y = 1 - e ex 

where: 
X is a random variable 
F is the cumulative frequency distribution 
ex is the scale parameter > 0 
ß is the shape parameter > 0 and 
'Y is the location parameter . 

These three parameters permit a wide flexibility when rnodeling 
distributions. The parameter ß is of special interest: 

- ß close to 1 :  The Weibull distribution is close to an expo
nential distribution with no relation between accumulated 
loading level and risk of injuries 

- ß > 1: The risk of injuries increases with increasing load 

The authors / 17 / discussed in their IRCOBI 1984 publication 
many important iterns, e.g. the treatment of unlikely low ob
servations. If there are physical reasons for a possible 
"loading which can always be withstood'' which must be exceeded 

before any significant damage is caused, this corresponds to a 
lower limit for r equal to that "loading which can be with
stood" . Therefore for some of the lowest data, the damage pro
bability is assurned to be zero. The authors describe an exam-
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ple of this discarding rnethod . They chose data frorn Mertz and 
Weber who studied the rnaxirnurn rate of ehest cornpression in 
airbag tests with anirnals . The response was classified in a 6-
interval threat to life scale, see Fig . 3 / 17 / .  

The risk distribution is deterrnined frorn the particular 
sarnple of specirnens . Probability regression curves predict the 
likelihood of injury at any level of loading for the whole 
population frorn which the sarnple is taken. This irnplies calcu
lation of confidence lirnits for the various pararneters charac
terising the distribution. 

Based on publication / 17 / ,  Morgan applied the Weibull distri
bution to side irnpact analysis / 2 3 / . 49 cadaver tests were re
analysed using the thoracic traurna index T TI as a descriptor 
for rnechanical input and AIS classification for the injuries 
to and within the thoracic cage. 

Figure 4 cornpares the functional relationships based on a pro
bi t analysis and the Weibull approach. For this exarnple, both 
rnethods give roughly the sarne results, but differ for other 
AIS classes . When ernploying different fitting rnethods for de
terrnining an injury risk function, this gives rise to the 
statistical problern of testing the goodness of fit . In related 
literature / 1 7 , 23 / , the variable of the likelihood function is 
regarded as a sui table assessrnent cri terion . Li terature in 
the f ield of biornechanics to date includes no reports on sta
tistical rnethods f or adaptation tests based on the chi2 
distribution . 

3-6 

0-2 

0 

[i] 
100 

80 

60 

40 

20 

0 

lb,SI� SSI 1 ifS 'lliiltJ,1Sjao 

• • • „ 
• ., .. ,. '' ' ,, • ' 

10 20 30 40 [Ul/h] 
R1sk tgr TL t 3 -- --

Olstribution 

Konul, overhp 
Konu I, probi t 
Weibul l, 111 datl 
Weibull, less five ----· 

10 

. . 

... 
,,,,,,,,_,. 

. / .... . ·�,...-----
. /"' 

„;/ � Distribution • /J y 
lleibull, 111 dlt1 33.8 2.28 o.o 
�!elbull, less five 29.3 1.46 5.99 

20 30 40 [Ui/h) 

Fig . 3: Risk distributions for ehest darnage frorn / 1 7 /  

1 1  



100 

eo 

60 

20 

lntury rlsk ol AIS.t3 vs. TTI 
C:OO.Wison nom1111 • problt anatyslll 

and Y-.elbull epproach 

PR:BABIUTY CF ll'UJRY IX! 

QL.-.::::::;_�-'--���---'����---'-���--J 
50 100 150 

TTI 
200 250 
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probit analysis and Weibull approach ( f rom / 2 3 / )  

B ased on these results , the development o f  lateral injury cri
teria is described in NHTSA ' s " Preliminary Regulatory Imp act 
Analys i s ,  New Requirements for P assenger Cars to Meet a Dyna
mic Side Impact Tes t ,  FMV S S  2 1 4 "  / 2 4 / .  The f inal TTI f ormula
tions is as f o l l ows : 
TTI = 1 . 4 Age + 0 . 5  ( ri b  ( max ) + T 1 2 y )  · mass / 1 6 5 ,  where rib 
( max ) i s  ei ther the maximum upper or lower rib accel eration . 
Confidence levels have been calculated f or each o f  the Weibull 
functions for 3 dif ferent AIS cl asses . These 9 5% conf idence 
l imits were c alculated using the " s t at i s t i c al j ackkn i f e  
method" / 2 5/ ,  s e e  F i g .  5 .  
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Fig. 5:  Injury risk of AIS � 3 v .  TTI with 9 5% conf idence li
mi ts ( from /2 4 / )  
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At this point i t should be mentioned that , depending on the 
models to be used , certain condi tions have to be s at i s f ied 
which mus t  be taken into cons iderat ion at the test p l anning 
stage . S t at i s t i cal advice is therefore nec e s s ary at this e arly 
s tage . 

As already mentioned above , such rel ationships are tested in 
laboratory experiments using various types of surrogate for 
the human body . Transformations are therefore subsequently 
neces s ary to be able to apply the probab i l i ty statements dis
covered to the l iving human . Very few stat i s t i c al s tudi es on 
this problem area have been publ i shed to date . 

Tolerance limits are ,  as already mentioned , dependent 
injury severi ty and on the accident vic tims observed . 
/ 1 /  has presented this s i tuation schemat i c al l y :  

-----�·� '- -- - ---- -

on the 
Aldman 

Fig. 6 :  Hypothetical dis tribution o f  tolerance levels in a 
population {from / 1/ )  

The unders t anding of these distribution functions for the va
rious organs of the body , d i f f erentiated according to types o f  
injury , i s  patchy . Speci f i cat i on of l i m i t  values f or 
example , in regulati ons general l y  requires this type o f  
knowledge i n  order t o  be able t o  spec ify the probab i lities o f  
accepted injuries o r  o f  v arious c l asses o f  injury severi ty i n  
a stat i s t i c ally s ati s f ac tory manner . Here again , stat i s t i c al 
methods - such as discriminance analysis - can be appl ied . 
Nor has it been s at i s f ac t o r i ly proven that the expected values 
of such random variables increase wi th the AIS c l asses from 
s l i ghtly to f atally inj ured . It is also conce ivable that the 
type of injury cri terion depends on the AIS c l ass . 

3 .  Protect ion Criteria, Dummies 

According to the def ini tion in / 1 / , protec tion cri teria are 
those parameters recorded f rom dummies which correspond to in
jury criteria for living human bodies . Ass i gnment of these va
r i ables al so involves s t at i s t i c al methods o f  relat i onship ana
lys i s  - as already described in section 2 .  
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The transf er function o f  c adaver data to dummy data c an be de
termined under the s ame test condi tions . Within the framework 
of the Joint B iomechan i c al Research P r o j e c t  KOB , an attempt 
was made in this direction by recons tructing real acc idents 
with c adavers and test dummies . In view of the ( cost-related ) 
small number o f  case f i gures for the recons tructed accidents , 
the results obtained were compared in the f orm o f  individual 
case presentations / 8 ,  2 6 / . 

At the 8th ESV Conf erence , Overdiek et al . / 2 7  / presented 
another possible method which is described briefly below : 

- S t arting from an analysis o f  the accident dat a ,  accident 
charac teris tics ( UKG ) for various types of c o l l i s ion are de
termined . These characteristics describe the s everi ty o f  the 
accidents o f  special type in terms o f  veloci ties , masses and 
impact directions o f  the vehicles involved in the accident 
( e . g . �v for f rontal impacts ) 

- For various categories o f  the c o l l i s ion- typi c al accident 
characteri s t i c  ( UKG ) , the empirical OAIS distr ibution of the 
injuries to the head ,  ehest and pelvis is drawn up and a func
tion OAIS = f ( UKG ) determined . In / 2 7 / ,  3 d i f f erent approaches 
are proposed f or determination of this func tion : Non-weighted 
mean value of the OAIS values in e ach UKG c l as s , cos t-weighted 
means o f  the OAIS values and adaptation of a binomial distri
bution o f  the OAIS values .  For all three approaches , a "repre
sentative " injury severi ty can be c alculated 

- In crash tests with the s ame input par ame ters ( UKG ) , the 
dummy loading values for head ,  ehe s t  and pelvis ( e.g. HIC , 3 
ms values ) are determined empirically and e s timated for all 
the c l asses o f  the UKG observed using a computer simul ation . 
These dummy values are combined to form a l o ad index BI*: 

1 HI Co 
BI"' = 1 - -s 1 where B I  = a Head · H I c0 - H I C 

ac b e 8 ta 
+ a ehe s t  · ac b e 8 to - ac b e 8 t + a pelvis · 

with HIC o ,  a c b e s t0 and apet0 as " limit value s "  and the weight 
f actors a head , a ehest and a pelvis . 

These six constants are determined for those accident charac
teristic dat a  where the " representative" degree of OAIS shows 
f atal injuries , see Fig.  7 .  BI"' is estimated as f ( UKG ) 
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Fig. 7: OAI S ,  AIS degree and dummy loads as a function o f  the 
acc idents characteristics .6.v ( f rom / 27 / )  

- In the f inal s tep , 
parameters of the B I *  

the OAI S  values are compared w i  t h  load 
using the accident char acterist i c , see 

next f igure 
..-������������������������� 

Fig. 8 :  

� 
s�������������������� 

5 

4 

3 

2 

o ���������--''--��������----' 
0 0.5 

8111 

Occupant injury OAI S  as a funct i on o f  the resulting 
dummy load B I *  ( from /27 / )  

Similarly , Langwieder e t  al. have determined a transfer func
tion between injury s everity and dummy loads / 2 8 / .  How wide 
the spre ad is c an be s een f rom the fol lowing i l lustration 
which is taken from the above-mentioned work . For the confi
dence interval 5% to 9 5% ,  HIC values between 2 0 0  and 1 3 0 0  can 
be assumed for inj ury s ever i ty AIS 3 .  
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Fig. 9 :  Dummy l o ading and ( he ad )  injury severity r e l ationship 
in frontal c ar c o l l i s ion ( from / 2 8 / )  

S t atistical problems in the method described which in our 
opinion s t i l l  require f ur ther analysis are primarily the de
termination of the func tion OAIS = f ( UKG ) . Using categorial 
regression , suitab l e  ass i gnment methods must be determined 
which take into account the distribution of the random va
r i ables OAIS in each c l as s  of the UKG . A further problem which 
s t i l l  has to be s tati s t i c al ly solved is the deve l opment o f  a 
sui t able index for summarizing the dummy loads o f  var ious 
parts of the body into a suitable coef f i c ient . The determina
tion of the relationship between this index and the accident 
characteristic al so requires the use of s t atis tical methods , 
whereby suf f i cient inf ormation on the dis tribution of the in
dex values in each c l ass of the accident charac teristic mus t 
be avai l able . Final ly ,  both random var i ables ( OAIS and l o ad 
index ) mus t  be correl ated with one another. When applying al l 
these s teps , sensi tivi ty analyses mus t  be used to determine 
the e f f ects of various model assumptions for these dif ferent 
problem areas . 

In order t o  describe the r e l ationship between the injury seve
ri ty o f  a c ar occupant and dummy l o ad values , Meyers / 2 9 /  
appl ied l o gi t analysis based o n  discriminance analytical me
thods . An ass i gnment rule d is estimated on the basis of se
lected charac teri stics o f  accidents ( vector x) whi ch ass i gns 
the vectors x to one of the two c l asses gi ( AIS s 2 )  and g2 
( AIS > 2 ) . In a second s tep , the vectors o f  a s t andardized l a

boratory experiment are then inserted into the as signment 
rul e ,  whereby the dummy l o ad values can be as signed to a hypo
thetical inj ury s everi ty . Using a logi t analysis , the dummy 
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load is then determined at which the number o f  the serious in
juries does not exceed a given percentage. In his work , Meyers 
examined various mathemati c al aspects of the discriminance 
analytical methodology. An emp i r i c al app l icat i on of the 
proposed method has not yet been implemented. 

Ref erence points f or the spread of the dummy test values c an 
be obtained from cal i bration tests / 3 0 , 3 1 / . A variance o f  5% 
to 6% is cons idered optimal , values between 5% and 1 0 %  are re
garded as usable and spreads of more than 1 0 %  are cons idered 
uns at i s f ac tory. These values are based on repe ti tive tests on 
the s ame dummy . The s ame cal ibration tests with d i f f erent 
dummies naturally resul t in l ar ger var i ances , whereby values 
between 10% and 1 5 %  are regarded as acceptable and usable.  

In full-s cale vehi cle tests , d i f f ering dummy test values c an 
be obt ained under the s ame test condi tions . Between vehicles 
of the s ame type , produc t ion and measuring tolerances can re
sult in d i f f erences - e. g. in the pos i tion of the H point -
which have a maj or inf luence on the kinematics o f  and l o ad on 
the test dummy . Färber will discuss this problem in a separate 
paper / 3 2/ at this conf erence . 

CONCLUS IONS 

A number o f  problems are s t i l l  unsolved in biomechanical 
research which require the use o f  s t ati s t i c al approaches and 
methods. Even the collec tion and analysis o f  accident data as 
the bas i s  for purposeful research werk i n  developing pass ive 
protec tion systems require careful test p l anning in order to 
ensure that the app l ication of s tati s t i cal methods can be 
based on c l e arly defined random var i ables . Greater cons idera
tion mus t als o  be given to a number of biometric approaches in 
the future in order to be abl e  to draw scientif i c ally proven 
conc lusions in response to the ques tion of human tolerance li
mi ts , despi te the variab i l ity in the reac ti on of human t i s sue 
to phy s i c al loads and the generally unavoidable small number 
of tests.  The need to employ s t at i s t i c al methods applies also 
to the use o f  test dummies for the asses sment o f  e f f icient 
passive protection measure s .  

The aim of this introductory paper was 
awareness o f  the neces s i ty for a more 
between biomechanics and s t at i s t i c s .  
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