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ABSTRACT 

The s ingle-case analysis of we l l  documented pede strian 
acc idents involving impact speeds above 50 kph has yielded 
findings on the k inematics of acc idents on the bas i s  of damage 
and injuries sustained . In particular , it has been possible to 
a s s ign the type and location o f  head injuries to the speci fic 
stages o f  an acc ident . 

Since , at high collision speeds and particularly in the 
case of unbraked impacts ,  there are seldom any marks on 
the road surface and marks on the vehicle are difficult 
to ass ign , experimental acc ident s imul at ions have been 
per formed with the frontal impact o f  pas senger cars against 
stationary pedestrian durnrnie s .  

The test results provide in formation on the motion o f  the 
dumrny during and a fter col l i s io n ,  the impact event s ,  the 
head- and body-contact zones , the potential inj ury 
pos s ibil ities a s  we l l  a s  the t ime and veloc ity curves o f  
veh icle and durnrny during a n  acc ident . 

INTRODUCTION 

Acc idents between motor vehicles and pedestrians have so far 
usually been experimenta l ly inve s t igated only up to co l l i s ion 
speeds o f  approx . 5 0  kph . At such speeds , it i s  poss ible with 
relative ease to reconstruct an accident , e spec ially as the 
impacts are in mo st cases brake d .  

However , both forensic scientists  and technical experts 
o ften have to inve stigate acc idents involving higher 
impact speeds . In accidents in darkne s s  on country 
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roads , in particular , there i s  the problem that , owing to 
the vis ibility and the speed maintained , the motor ist i s  
no langer able to ef fectively dece lerate h i s  vehicle 
prior to collision . In such cases , interdisciplinary 
cooperation between medical and technica l experts i s  
indi spensable i n  order to reconstruct the accident from 
motion sequence and inj ury pattern . 

REAL ACCIDENTS 

General s tatistics 

In 1 9 8 4 , 2 , 2 6 6  pedestr ians were kil led and 47 , 5 7 9  pedestrians 
inj ured in road-traf f ic accidents in the Federal Repub lic of 
Germany . Most acc idents happened in towns , where over 9 3 %  of 
accidents involving inj ured pede strians were recorded.  

As  regards death s ,  the proportion o f  in-town accidents is  
approx . 7 5 % .  If  one con s iders that approx . 7 %  of 
accidents involving personal inj ury took place outside 
towns , it can be seen that the r i sk to a pede strian of 
being k i l led i s  over three t ime s greater outs ide than 
inside built-up areas . This i s ,  without doubt , primarily 
attr ibutable to the speed level . 

In a s se s s ing the inj ury s everity , howeve r ,  it i s  neces sary , in 
addition to the impact velocity , also to take account of age 
and constitut ion . 

Acc idents ins ide towns particularly frequently involve 
chi ldren less than six years of age (more than 1 0 % ) , 
whereas their share o f  out-of-town acc idents i s  j ust less 
than 5 % .  If one considers the numbers of chi ldren killed 
in acc idents , chi ldren less than six years of age account 
for 5% and 3 %  of accidents that take place in town and 
out of town , respect ively . 

The picture i s  reversed among older pede strians that are 
involved in accidents . The over- 6 5 s  have a 2 0 %  share of 
in-town accidents involving personal inj ury ; however ,  
the ir share o f  deaths i s  a lmest 6 0 % . 

Single-case analysi s  

In the reconstruction o f  accidents , we l l  documented acc idents 
are often used for purposes of compari son . In the case of 
pedestrian acc idents , there are various parameters that point 
to the speed of collis ion . 

The mo st important requirement i s  knowledge of the 
collis ion location , without which it i s  not pos s ible to 
make statements on di stances thrown , speed or avoidabil
i ty .  Particular ly suitable for evaluation are acc idents 
in which the vehicle has undergone panic dece leration at 

190 



the moment o f  col l i s ion , resulting in skid marks . 

By means o f  stopping tests at the location of the 
acc iden t ,  which , in the case of pas senger-car/pedestrian 
acc idents ,  can usua l ly still be per formed with the 
accident vehic le , it i s  possible to determine the speed 
in a reliable manner sub j ect to smal l  tolerance s .  

In evaluating the " secondary speed feature s " ,  position and 
depth o f  indentations , it must be taken into account that these 
depend a l so on the height and weight of the pedestrian . 

Kinematics from damage and injury patterns 

Both at impact speeds o f  50 kph and above , a s triking factor is 
that·, irrespective of the he ight of the pedestrian , there are 
cases in which the windscreen of the vehic le is not des troyed . 
Furthermore , real accidents exhibit d i fferent degrees of 
damage , particularly in the area o f  the front edge o f  the 
engine hood . 

The reconstructible motion sequences are to be indicated with 
re ference to four rea l accidents . 

Case A :  

Col l i s ion speed : Approx . 5 5  kph , braked 
Vehicle type and model :  Pas senger car , Ope l Ascona B 
He ight /weight o f  pedestrian : 1 . 7 5 m / 8 3  kg 

As a result o f  the colli sion , the front skirt and the bumper 
were pushed back in the area of the left-hand front section o f  
the vehic l e ,  F ig. 1 .  This damage corresponds with injuries of 
the pedestrian in the area o f  the knees ( particularly on the 
l e ft-hand side) . These injuries are abrasions and haematomas .  

No deformations are detectable at the front edge of the hood ; 
merely on the hood are s l ight indentations , which , however ,  
were produced primari ly by a vert ical app lication o f  force . 
Corre spondingly , there are merely abras ions in the areas of 
thigh and pe lvi s .  The impact o f  the l e ft shoulde r ,  resulting 

Fig. 1 :  Ope l Ascona , col l i s ion speed approx . 55 kph , braked 
impact 
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in fractures in the sternum and in the area of the r ib s , took 
place in the transition area between hood and cowl pane l , i . e .  
in the area of great rigidity . 

The head of the pede strian impacted against the windscreen , 
which , as a resu lt , was destroyed . This led to a breaking of 
the neck. with death ensu ing immediately . 

Further damage i s  present on the roof o f  the vehicle ; these 
indentations on the non-rigid roof skin are o f  a less  serious 
nature . 

Taking into account the injuries to the pedes trian and the 
damage to the vehic le , it can be deduced that the main impact 
was first of all against the lower legs and the knees . Since 
virtually no damage was found in the area of the front edge of 
the hood , it can be assumed that the impact against the bumper 
and the front skirt initiated a substantial angular 
acce leration about the transverse axi s  of the pedestrian , so 
that there was no heavy impact in the areas of the thighs or 
pelvi s .  I f  one compares the unwound length up to the impact o f  
the shoulder of about 1 . 9 0  m with the height of the pedestr ian , 
it can be seen tha t ,  at this point in time , the vehicle had 
a lready to a cons iderable extent penetrated under the 
pede strian . Thi s also explains the impact o f  the head agains t  
the windscreen . Since , on the other hand , the greatly 
eccentric impact caused substantial rotation of the pedestrian , 
the further course of the accident also involved contact with 
the roo f ,  it not being poss ible to say which parts of the body 
caused this damage . 

Case B :  

Col lis ion speed : Approx . 5 0  kph , braked 
Vehicle type and model : Pas senger car , Ope l Rekord C 1 7 0 0  
Height /weight o f  pede strian : Approx . 1 . 8 0 m/ approx .  7 5  kg 

In this case , too , the front apron pane l was pushed back 
s l ightly by the collis ion . In contrast to case A ,  however , 
this acc ident shows a s evere indentation of the front edge of 
the engine hood with the direction of force application being 
longitudinal with respect to the vehi c le . Also worthy o f  note 
is the fact there was no contact at the windscreen , Fig. 2 .  
Nor wa s it pos s ible to detect any damage in the area o f  the 
roo f .  

The initial impact took place by means o f  the bumper i n  the 
area of the knees of the pedestrian . The right leg was pul led 
partially under the pas senger car , and the hip impacted against 
the front edge o f  the engine hood . As a result o f  the se 
impacts in the area of the lower extremitie s ,  the pedestrian 
was set in rotation about his transverse axi s  and struck the 
rear region of the engine hood with his  shoulder , Fig. 3 .  The 
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Fig. 2 :  Ope l Rekord C ,  co l l i s ion speed approx . 5 0  kph , braked 
impact 

head-impact location can be found as a round indentation in the 
cowl panel at the transition to the fender . I f  one compares 
the hip-impact location with the head-impact location , this 
shows the direction of motion of the pede s trian ; the head 
struck further to the r ight , a s  viewed in the forward direction 
of travel o f  the vehicle . Thi s i s  attr ibutable to the time 
offset between hip impact and head impact in conjunction with 
the wa lking speed . The distance the pede s trian was thrown due 
to the impact is a l so of importance with regard to the 
reconstruction of the acc ident . In thi s  case , the pedestrian 
was thrown approx . 1 9  m ,  which agrees with values obtained from 
tests with dummie s . Fig. 4 shows a sketch of the accident . 

I f ,  once again , one compares the unwound length with the head
impact location , it can be seen that , in thi s  case , the 
penetration o f  the vehicle under the pede strian was virtually 
n i l ;  on the contrary , the pedestr ian underwent po sitive no-slip 
acceleration and the individual parts of the body contacted the 
passenger car merely one a fter the other . 

Fig. 3 :  Damage to Opel Rekord 
in respect of case B 
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�· -"·��-'--'--·-"-·���'.*_:��"��-· -�����-

Fig. 4 :  Sketch o f  acc ident 
in respect of case B 
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Case C :  

Co llis ion speed : Approx . 7 0  kph , unbraked 
Vehicle type and model : Passenger car , BMW 3 2 3  i 
He ight/weight o f  pedestr ian : 1 . 7 5 m/approx . 7 5  kg 

The bumper was bent back by the impact against the pedes tr ian 
who was walking in the forward direction of trave l of the 
pas senger car . The pede s tr ian sustained a fracture o f  the 
lower leg from thi s ;  in addition , there were numerous 
superficial skin abras ions . A striking fact is that the area 
of the front edge of the hood shows no damage stemming from an 
application of force oppos i te to the direction of motion of the 
passenger car . 

On the engine hood there are large-area indentations s temming 
from the impact of the back of the pede strian . In thi s  are a ,  
the pede strian exhibits numerous injurie s ,  inc luding a fracture 
of the sternum as we ll as serial r ib fractures . There was also 
lung-tis sue rupturing , rupturing of the pericard ium as we l l  as 
lacerations in the area of l iver and splee n .  

I n  the further course o f  mot ion , the pedestrian impacted 
against the windscreen with his head and shoulder , Fig. 5 .  
Thi s  resulted in severe injurie s , rupturing of the at lanto
occipital with tearing of the medul la oblongata from the 
Lissauer ' s  tract and tearing of the spinal marrow from the 
medulla oblongata , which led to cerebra l  paralys is and to the 
death of the pede strian . In addition , a fracture o f  the bony 
roof o f  the skull  as we l l  as extens ive scalp bleeding were 
found . 

Fig. 5 :  BMW 3 2 3  i ,  col l i s ion speed approx . 7 0  kph , unbraked 
impact 

With the exception of a sma l l  indentation on the upper frame of 
the windscreen , which was apparently c aused by the hand of the 
pede strian , there was no further damage in the area of the 
roo f .  

There i s  a n  unwound length of approx . 2 . 3  m to the impact o f  
the head . I f  one compares this with the height of the 
pedestrian , it can be seen that , after the initial impact ,  i n  
addition t o  the rotation o f  the pedestrian there w a s  a l s o  a 
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higher veloc ity o f  the pas senger car , allowing a relat ive 
mot ion between vehic le and pedestrian. 

Case D :  

Col l i s ion speed : Approx . 7 0  kph , braked 
Vehic le type and model : Passenger car , Ope l Rekord D 
Height /weight o f  pedes trian : Approx . 1 . 6 5 m / 6 4  kg 

Apart from the eontour o f  the vehic le , partieular importanee is 
attached also to the height and weight of the pede strian when 
assessing the s equenee o f  motion s . In this ease , the initial 
impaet took p laee both in the area of the bumper and front 
skirt and at the front edge o f  the upper eowl panel . This 
damage to the hard front strueture shows that relatively large 
forees were opposed to the forward direet ion of travel of the 
pas s enger ear , F ig. 6 .  Aeeord ingly , in the eollision ,  the 
pede strian sustained both a eomminuted fraeture of the right 
thigh and a fragmentary fraeture o f  the left thigh-bone . 
Conversely , the lower legs showed no bone injuries . As a 
result of the relat ively high point o f  impaet on the upper eowl 
pane l , the pede s trian was not only set in rotation about his 
transverse axi s  but was also heavi ly aeeelerated in the forward 
d ireetion of travel of the pas s enger ear . There was a 
large-area indentation on the engine hood as a result of the 
impact o f  the shoulder and the e he s t .  The head-impaet loeation 
i s  at the level of the air-inlet s l its on the engine hood . As 
a corresponding inj ury , a serial r ib fraeture was found on the 
r ight-hand side o f  the ehe s t ,  eovering the 2nd to the 1 2 th r ibs 
in the midaxi l lary line . On the le ft-hand s ide o f  the ehest , 
too , there was a serial r ib fraeture from the l st to 
the 9th rib . In the roof o f  the s kul l ,  a fraeture eentre was 
found in the le ft-hand and r ight-hand erown area s .  
Furthermore , the base o f  the sku l l  eould be moved against the 
cervieal vertebral eo lumn , there having been in thi s  eonneetion 
a breaking of the medulla oblongata . Thi s  is also to be viewed 
as the eause o f  death o f  the pede strian . 

Fig. 6 :  Opel Rekord D ,  e o l l i s ion speed approx . 7 0  kph , braked 
impact 

The unwound length to the head-impaet loeation i s  approx.  
1 . 7 5 m .  A eompari son with the he ight of the pede strian of 
1 . 6 5 m shows that , i n  this ease too , the vehiele had to a 
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certain extent penetrated under the pedestrian . Thi s ,  however ,  
is weakly pronounced , apparently because of the central impact 
against the pede strian at the upper cowl pane l , s ince thi s 
caused a substantial  translational acceleration o f  the 
pede str ian . 

Conc lus ions from the s ingle-case analysi s  

A study o f  real accidents shows that there are different damage 
feature s and injurie s ,  in part irre spective o f  the c o ll i s ion 
speed and the application of the brake s .  Apart from the ma in 
impact centre in the area of the bumper , some cases involve 
also the front edge of the hood and the upper cowl panel as 
impact centre s .  This leads , in some cases , to ma jor bone 
injuries in the area o f  the lower legs and , in other case s , in 
the area o f  the thighs and pelvis . Depending on type of impact 
and body height , the head of the pedestrian contacts the engine 
hood or the windscreen in the further course o f  the acc ident . 
:t was not , however ,  pos s ible to detect s igni ficant di fferences 
as far as the inj ury patterns in the two cases are concerne d .  
Apart from fractures in the area of the bony sku l l , breaking of 
the neck i s  a further principal cause o f  death . 

EXPERIMENTAL ACCIDENT S IMULATIONS 

Test programme and setup 

The acc ident s imulations involving impact o f  the pas senger car 
against the stat ionary pedestrian dummy cover the collision
speed range between 55 and 83 kph . The col l is ions took place 
with braked and unbraked pas senger cars in the form of centric 
and eccentric full collis ions in the front area of the vehic l e . 

Owing to the high collis ion speeds and the a ssoc iated heavy 
loading of the dummy with the danger o f  destruction , this 
series of tests employed a spec ial  design of dummy which 
corresponds to the 5 0 %  hybrid I I  pedestr ian dummy in terms of 
dimensions , weight and weight distribution . 

The pass enger cars with ponton shape were acce lerated to 
collis ion speed by means o f  pulling cable and guide cable and 
were released immediately be fore the c o l l is ion , so that , freely 
travelling ,  they impacted against the pedestrian dummy both 
unbraked and braked by means of an automatic braking device . 

Kinematics and impact results 

The tests were evaluated with regard to the collis ion speed , 
the post-impact veloc ity curves o f  passenger car and 
pedestrian , the motion o f  the pedestr ian in the course of the 
impact and post-impact phases and with regard to the time 
sequence of the impact events . 
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F ig. 7 shows test results by way o f  example . The Ford Taunus 
pas senger car impact s  the pedestrian dummy , with brake s 
app lied , at an initial-impact speed o f  6 6  kph . The pa ssenger
car dece leration i s  approximately 8 m / s 2 . The head impacts 
0 . 0 8 s a fter initial impact in the lower area of the 
windscreen , the body of the dummy having been accelerated to 
approx . 3 5  kph and the vehicle having covered a distance of 
1 . 4  m .  In the further course o f  the col l i s ion, the dummy i s  
acce lerated to approximately 9 0 %  o f  the speed o f  the passenger 
car , which , at thi s  point in time , is 2 . 5  m away from the p lace 
of collis ion and has been decelerated to a speed of around 
5 5  kph owing to the application o f  the brakes and the 
superimposed , impact- induced reduction in speed . 

In the further sequence of motions , the dummy , which was set in 
rotation upon initial impact ,  penetrates the windscreen with 
its head , enters the pas senger compartment as far as the 
shoulder , strikes the roof edge o f  the windscreen with the back 
of the head when leaving the windscreen area and f inally 
impacts the roof of the passenger c ar with its legs . Since , 
despite being braked , the passenger car i s  in thi s  phase a lways 
fa ster than the dummy , the dummy per forms a rearward motion in 
relation to the passenger car , so that there is roof damage as 
far as the rear area of the passenger-car roo f .  Approximately 
0 . 7  s or 1 0  m pas senger-car d istance after the s tart of 
contact , dummy and pas senger car are moving at the s ame speed . 
As a result o f  the constantly decelerated motion of the 
passenger car , the pas senger car now becomes slower than the 
dummy , so that the latter performs a forward motion in relation 
to the passenger car , s lides down over the roo f and the engine 
hood , finally reaching the end pos ition on the road in front of 
the passenger c ar . 

By compari son , F ig. 8 shows a braked passenger-car /pedestrian 
collis ion at 54 kph col l i s ion speed . It can clearly be seen 
that , despite the lower impact speed , the phase sequences are 
in virtual agreement as regards t ime with corresponding body 
positions . A compari son of the posi tions o f  the dummy in 
relation to the pas senger car sta rt ing at approximately 0 . 4  s 
after the initial impact shows that , at the lower impact 
speed,  the center of mass of the dummy is above the top edge of 
the windscree n ,  whi le at the higher co llis ion speed , i t  is 
above the B-pi l lar . In both case s ,  however ,  after reaching the 
speed of the pas senger car , the dummy s l ides across the engine 
hood i nto a final pos it ion in front of the fu l ly stopped 
pas senger car . 

Fig. 9 shows the head-impact s ituation and the speed curve for 
an unbraked impact at a collis ion speed of 5 4  kph , i . e .  
directly comparable with the braked impact in Fig . 8 .  The 
s l ightly higher position of the front section of the unbraked 
s ame-mode l pas senger car - owing to the absence o f  pitching on 
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Fig. 7 :  Impact events and speed Fig. 8 :  Impact events and s peed 
curve s ,  Ford Taunus , collision curve s ,  Ford Taunus ,  colli sion 

speed 66 kph , braked impact speed 5 4  kph , braked impact 

braking - means that the thigh/hip area o f  the dummy i s  
impacted such that the upper part of the body i s  loaded le s s  
far onto the engine hood . Consequently , a t  the same colli sion 
speed , the head impacts be fore the bottom edge of the 
windscreen . Another noteworthy aspect in thi s  connection i s  
the non-s tretched leg posture of the dummy i n  the head-impact 
phase in compari son with the two previou s ly described tests . 

The dummy reaches approximately 9 5 %  of the speed of the ( this 
time unbraked) pas senger car approximately 2 . 5  m after the 
point o f  collis ion , but thereafter always remains s lower than 
the pas senger car . The absolute speed of the dummy in the case 
o f  an unbraked col lision i s , therefore , higher than in a braked 
c o l l i s ion . 
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Fina l l y ,  Fig. 1 0  shows the sequence o f  motions at an impact 
speed o f  8 3  kph , the pas senger c ar being a VW Passat which was 
unbraked at the moment of impact .  The impact of the head take s 
place approx . 0 . 0 6 s a fter the s tart o f  impact in the upper 
area o f  the windscreen . In the course o f  further rotation , 
there i s  a violent impact in the rear pelvic region of the 
dummy against the roof edge of the passenger car above the 
windscreen . As a result of extensive entangl ing with the 
passenger car , the body of the dummy is destroyed , with parts 
of the dummy remaining in the pas senger compartment of the 
vehic l e . In thi s  case , the dummy of nece s s ity reaches the 
speed of the passenger car after approx . 4 . 5  m .  
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and speed curve s , Ford Taunus ,  

col l i s ion speed 5 4  kph , 
unbraked impact 
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Fig. 1 0 :  Head-impact s ituation 
and speed curves ,  VW Passat , 

collisi on speed 8 3  kph , 
unbraked impact 

Analogou s ly to the real acc idents , the pass enger cars 
s trikingly showed two typical types of damage . 

For the previou s ly descr ibed test a s  in Fig . 7 ,  Fig. 1 1  shows 
the damage that was produced . Typical are the comparat ive ly 
smal l  indentations in the front-impact area and on the engine 
hood as indications of low col li s ion-contact forces . The dummy 
contacted the windscreen with i t s  head and destroyed the 
l atter . Even at the cons iderably higher impact speed in the 
test as in Fig . 1 0 ,  one see s thi s l ikewise comparative ly minor 
damage in the initial-impact area of the front section of the 
passenger car , F ig. 1 2 .  In contras t ,  F ig. 1 3  shows consider
ably greater damage to the front of the pas senger c ar at an 
impact speed of 6 8  kph , with the head not impacting in the 
windscreen but be fore it on the hood . The characteristic phase 
of the motion of the dummy at the ins tant of head impact after 
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Fig. 1 1 : Damage in respect of test shown in Fig . 7 

Fig. 1 2 :  Damage in respect o f  test shown in Fig . 1 0  

F ig. 1 3 :  Damage at a collis ion speed o f  6 8  kph , Ope l Rekord , 
unbraked impact 

0 . 0 8 s i s  shown in Fig. 1 4 .  The top edge of the front o f  the 
pas senger car as wel l  as the engine hood undergo severe 
de formation as a result of the e f fect of intense initial-impact 
forces . A high degree of positive no- s l ip contact with the 
upper body o f  the dummy impedes the further motion o f  the dummy 
relative to the passenger car in the d irection of the 
windscreen . Already 1 . 5  m a fter the initial impact , the dummy 
reaches the speed of the passenger car , a lmost s imultaneous ly 
with the impacting of the head . 
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Fig. 1 4 : Head-impact situation in respect of test shown in 
Fig . 1 3  

Conc lus ions from experimental acc ident s imu lations 

Initial conc lus ions from the tests show that , at impact speeds 
above 5 0  kph , an impact of the head against the windscreen i s  
not necessar i ly to b e  expected . The tests confirm the known , 
in some cases addit ive inf luences on the sequence of motions -
particularly between initial impact and head impact in the case 
of a pede stri an collision - also for high col l i s ion speed s .  
However , the head-impact location , i n  particular , depends not 
only on the height o f  the top edge of the e ngine hood , but also 
on the i n f luence o f  the vehicle pitching as a result o f  braking 
and on the col l i s ion speed . Also of importance is the 
magnitude of the contact forces upon initi a l  impact .  In the 
range of higher c o l l i s ion speeds , there fore , the head-impact 
location cannot be used exclus ively as a measure o f  the 
c o l l i s ion speed ; on the contrary , the type and extent of the 
damage in con j unction with the injuries are o f  ma j or importance 
with regard to the recon struction o f  the accident . 

APPENDIX 

Fatal i � u r i e s  i n_qe ne ral 

I f  cases w i t h  col l i s i on speed s of 50 kph and above are consi de
red , surv i a l  of t he pedes t r i an s t ruck i s  unusu al . However ,  we 
found fatali t i es at irnpac t speed s of 5 k ph and Karniyarna ( 1 9 7 1 )  
reported a lowe r l i rni t o f  1 2  kph. I n  a s arnple o f  5 1  k i l l ed pede
s t ri ans t he co l l i s i ons speed was "rnos t l y "  between 3 0  and 50 kph 
( Me t t e r  1 9 8 4 ) .  Three o t he r  s t ud i e s  s how that 5 0  % of all  fatali
t i e s  occur at  speeds up to 50  kph  ( H u t c h i nson 1 9 7 5 , Appel 1 9 7 5 , 
Ashton 1 9 7 9 ) . I n  the f.ollow i ng sorne det a i l s  on i n j ur i e s  to k i l led 
pede s t r i ans a re g i ven.  
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Not only the seve r i ty b u t  a l so t he f requenc e s  o f  i n j u r i e s  w i t h  
f a t a l i t i es a re d i f ferent to t hose seen i n  a l a rger c a s ua l ty sarn
ple . Leg i n j u r i e s  s t i l l  a re abso l u t e ly dom i nant . C r a n i o- c e rebral 
t raurna t a ,  howev e r ,  becorne far rnore i rnport an t .  We a l so found rnore 
i n j ur i e s  of pelv i s ,  t horax and abdorne n ,  as we l l  a s  of t he c e r v i 
c a l  s p i ne ( I n t e rd i sc i pl .  Work g roup Acc i d .  Mec h .  Z ü r i c h ,  1 9 8 6 ) .  
M e t t e r  ( 1 9 8 4 ) found the f o l l ow i ng severe i n j u r i e s  i n  1 6 9  k i l led 
ped e s t r i ans ( e xc l ud i ng overrun s ) : 1 2 2  leg f rac t u re s ,  1 1 1  c r a n i o
c e rebra l t raurna t a ,  9 2  r i b  f rac t u re s , 7 5  det ac hrnen t s  ( d eco l l e
rnen t s ) , 6 1  pe l v i c  f rac t u r e s ,  5 3  b l eed i ng s  o f  t he renal bed , 52  
rup t u re s  o f  t he aor t a ,  2 3  l i ver rupt u re s .  

-----·----------------·----------------·-----·--------------------·-------

1 Localization of injury 1 N lnjury 
---------------------·---·-------------------·----------------------·---

brain/skull unspecified 42 22 fractures 
brain 38 38 
base 1 8  1 8  fractures 
skull cap 30 25 fractures 
face 1 1  6 fractures 
cervical spine 6 5 fractures 
dorsal spine 13 13 fractures 
chest wall 37 37 fractures 
inner thoracic organs 22 1 5  lung, 1 cava 

4 haart, 2 aorta 
inner abdominal organs 21 6 liver, 2 bowel 

2 spieen, 3 kidn. 
1 bladder 

pelvis I groin 28 27 fractures 
lumbar spine 4 4 fractures 
legs unspecified 39 22 fractures 
left upper leg 1 3  6 fractures 
right upper leg 1 4  1 2  fractures 
right knee 6 5 fractures 
left knee 5 4 fractures 
left lower leg 1 8  1 3  fractures 
right lower leg 20 1 8  fractures 
da viele 7 7 fractures 
left hand 4 4 fractures 
right hand 4 4 fractures 
shouk:ler 4 3 fractures 
right arm 8 7 fractures 
left arm 5 4 fractures 
others 9 8 fractures 

---------· --------„ ----------------„„ ----... „ ------„„„„„ ... „ „„ „„„„ „„ „„ „„„ ... „ 

F ig. 1 5 :  AIS > =  2 i n j u r i e s  i n  f a t a l i t i e s  (N = 6 1 ) 
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