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Abstract The most common type of fatal pedestrian-car
collision, i.e. a passenger car with a wedge or pontoon
shaped front striking an erect adult with this front, was in-
vestigated. A reliable calculation of the impact velocity
range by atechnical expert and a comprehensive autopsy
suitable for traffic accidents were performed in every case.
A total of 47 fatalities form the material of this study and
the impact velocities varied between 18 and 142 km/h.
Primary and secondary injuries did not show arelationship
to impact velocity. The occurrence of four types of indirect
injuries revealed a clear relationship to impact velocity, i.e.
spinal fractures, ruptures of the thoracic aorta, inguinal
skin ruptures and dismemberment of the body. |mportant
parameters such as the type of car, impact velocity range
and indirect injuries are listed for each individual case.
Because of the limited number of cases, the impact veloc-
ity ranges (3-30 km/h) instead of mean values were con-
sidered. A cautious interpretation of the data can be sum-
marised in the following conclusions: If there is ho spind
fracture, the velocity was below 70 km/h and probably be-
low 50 km/h. Aortic and inguinal skin ruptures are always
present if the velocity was above 100 km/h but never oc-
curred below 50-60 km/h. If dismemberment occurs, the
velocity was above 90 km/h. Consequently, an estimation
of the impact velocity from the presence or absence of in-
direct injuries is possible in pedestrian-car collisions of
the type examined. However, the selection criteria applied
in this study and additional parameters influencing the col-
lision dynamics have to be considered carefully.
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Introduction

Pedestrians constitute a substantial portion of the overall
traffic mortality (Ashton and Mackay 1978; Atkins et al.
1988; Hill et a. 1996). From aforensic point of view, the
most frequent questions raised address the primary impact
site, the walking direction of the pedestrian, the type of
vehicle (in cases of hit-and-run) and the impact velocity.
The technical expert can reliably calculate the impact ve-
locity if certain parameters can be determined. However,
these parameters are known in only approximately 50%
of cases (Kamiyama and Schmidt 1970; Metter 1984a).
Knight (1991) believed that it is virtually impossible to
estimate the speed of impact from the nature of the injuries.
This would require verified relationships between impact
velocity and the resulting injury pattern established on the
basis of autopsy findings. It was the intention of this study
to determine if such relationships could be established in
the most common type of pedestrian/vehicle accident, i.e.
a passenger car hitting the pedestrian with the frontal sur-
face (Ashton and Mackay 1978; Metter 1984a; Lane et al.
1994). Several additional parameters influencing the col-
lision dynamics of the pedestrian had to be standardised
for this purpose.

Materials and methods

From 1983-1996, the technical experts from the DEKRA (Deutscher
Kraftfahrzeugiiberwachungsverein) office in Bielefeld investigated
approximately 1000 pedestrian traffic accidents including more than
100 fatalities. This investigation is based on cases which fulfil the
following selection criteria:

* The pedestrians were older than 14 years of age because pedes-
trian fatalities involving young children constitute a different en-
tity (Brison et al. 1988).

 The pedestrians were hit by the car while standing or walking in an
erect position. In particular, fatalitiesinvolving asitting or crouch-
ing position were excluded.

* The vehicle was a passenger car with a wedge-shaped or pontoon-
shaped front design including a conventional hood. The box-shaped
front designs predominating in vans or trucks were excluded be-
cause the design of the vehicle front has been shown to influence
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Tablel Summary of important parameters in the 47 individual cases. The injury occurring at the lowest velocity is marked in bold let-

ters. Similarly, when the injury occurred constantly, the case involving the lowest velocity is marked

No. Sex/age Height Weight Car Impact velocity Spinal fracture Aortic Inguinal Dismem-
(years) (cm) (kg) (km/h) rupture rupture berment
1 m/15 191 80 Renault R5 GT 18.5 (15— 22) / / / /
2 fl72 162 65 Opel Kadett E 27.5 (20— 35) Cc6 / / /
3 /79 155 70 Nissan Micro 31.5 (30— 33) / / / /
4 m/85 168 65 Opel Kadett E 33.5 (32— 35) C6 / / /
5 fI75 162 75 Renault 19 37.5 (35~ 40) / / / /
6 /82 155 80 Nissan Micra 39 (38— 40) / / / /
7 m/30 178 80 VW Golf 40 (30~ 50) / / / /
8 m/36 180 80 VW Golf | 42.5 (35— 50) / / / /
9 f/86 147 45 VW Golf | 43 (40— 46) / / / /
10 /82 152 55 Mercedes 200D 45 (40— 50) T6 / / /
1 /76 166 70 Opel Kadett 45 (40— 50) c7 / / /
12 /47 164 60 VW Golf 45 (40— 50) T7 / / /
13 /79 160 62 VW Derby 50 (40— 60) T8 / / /
14 /82 174 95 VW Passat 50.5 (43— 58) T5 / / /
15 /76 162 75 Opel Ascona 54 (52— 57) C7, T4 / / /
16 m/75 170 82 Ford Taunus 60 (57— 63) C6 / / /
17 /62 149 43 VW Polo L 61.5 (57— 66) C1, C7 / / /
18 m/35 169 75 Ford Fiesta 63 (60— 66) / / / /
19 /71 170 75 VW Golf 63 (59— 67) C1, C4,T5 yes / /
20 m/59 179 65 VW Polo 65 (60— 70) C1,T1,T11 / / /
21 /86 156 65 Volvo 740 65 (60— 70) T11 yes / /
22 m/80 169 70 Opel Rekord E 65 (60— 70) C1,C5,T7 yes / /
23 m/82 170 75 Audi 90 66 (58— 74) C1,C7,T4,L2 yes yes /
24 f/73 163 75 Peugeot 205 GTI 67 (63— 71) C6 / yes /
25 mi58 172 72 VW Beetle 67.5 (65— 70) / / / /
26 m/54 174 75 Opel Kadett D 67.5 (65— 70) C6, T3 yes yes /
27  f/82 156 65 Honda E64 69 (63— 74) C1, T2 yes / /
28 m/86 168 68 BMW 316 70 (60— 80) C6,T1, T2, T11 yes / /
29 m/57 160 55 Ford Fiesta 70 (60— 80) Cl yes / /
30 m/43 182 95 Toyota Corolla 70.5 (67— 74) T7 / / /
31 m64 169 75 VW Golf 75 (70— 80) C6, T6, L1 yes / /
32 m/86 174 78 Fiat 127 A 75 (70— 80) C5 / / /
33 m/51 172 20 Chrysler Vision 75 (70— 80) T10 / yes /
34 {74 162 75 Mazda 626 80 (75— 85) C7,T7 / yes /
35 m/60 173 82 BMW 525 85 (80— 90) T11 / yes /
36 mb5l 171 70 Opel Kadett D 85 (70-100) C5, T4 yes yes /
37 f/20 159 61 VW Passat 86.5 (78— 95) C3 yes / /
38 m/86 168 63 BMW 316 92 (86— 98) C6, T1, T12 yes / /
39 m/45 184 87 Opel Kadett 95 (90-100) C5 yes / /
40 m/83 171 62 Mitsubishi Galant 98.5 (92-105) T1, T12 yes yes T12/L1
41 m/51 186 95 BMW 320 100 (95-105) T7,T12 yes yes /
42  m/44 175 70 Volvo 760 100 (90-110) C1, T3 yes yes T3/T4
43 m/38 165 73 VW Golf | 105 (100-110) L3 yes yes /
44 m/81 168 66 Ford Granada 110 (100-120) C6 yes yes /
45 m/17 190 85 Mazda 323 110 (100-120) C6, T11 yes yes T11
46 /79 170 75 Audi 100 113 (108-118) c7 yes yes left leg
47 m/23 175 80 Mercedes 250 142 (130-154) C7,T9 yes yes pelvis

the collision dynamics of the pedestrian and the resulting injury
pattern and severity (McLean 1972; Beier 1973; Ashton 1982;

Robertson 1990; Ishikawa et al. 1994).

These first three selection criteria filtered out an impact geometry
where the centre of gravity of the pedestrian was always located

above the point of primary contact.

» The pedestrians were not involved in a second collision and they
were not run over by the car or a subsequent vehicle.

* The point of collision was strictly located at the front of the car,

thus excluding combined frontal and tangential collisions.
¢ The impact velocities were reliably calculated from the site of pri-
mary collision and the final site of the injured pedestrian and/or

the skid marks and the damage to the car. The technical experts
calculated impact velocity ranges of 3-30 km/h (Table 1). The
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mean value of thisinterval was calculated and is called the pre-
sumptive impact velocity.

e Autopsies were carried out. The autopsies were complete, i.e.
the dorsal aspect of the body and the extremities, especialy the
legs, were dissected so that the soft tissues as well as the bones
could be examined. Special care was taken in dissecting the spine.

Results

The age of the 47 pedestrians was 15-86 years and the
mean value was 62.9 years (Table 1). The presumptive im-
pact velocities showed a wide range from 18.5-142 km/h
with a peak at 60—70 km/h (Table 1). A detailed analysis
of the injuries and of the corresponding impact velocities
showed that fractures of the lower extremities resulting
from the primary impact were present in every case except
for four. The presumptive impact velocities in these four
cases were 27.5 km/h (case 2), 40 km/h (case 7), 50.5 km/h
(case 14) and 67 km/h (case 24) and the latter two cases
involved comminuted fractures of the pelvis. Possibly, the
position of the two pedestrians was such that the point
of primary impact was located higher than in the rest of
the fatalities. Lacerations and pocket-like underminings/
decollements of the soft tissues at the point of primary im-
pact were sometimes present in low velocity accidents and
were absent in several cases of high velocity impact, which
prevented the establishment of arelationship to impact ve-
locity. The occurrence of brain damage and other injuries
due to secondary impact with the car or road surface did
not depend on impact velocity. In contrast, secondary head
injuries were the most common causes of death in the low
velocity impact range. If the impact velocity was higher,
several body regions were affected and the cause of death
was always polytrauma/exsanguination and/or brain injury.

However, the occurrence of four different types of in-
jury showed a correlation to impact velocity. Theseinjuries
were fractures of the spinal column, ruptures of the tho-
racic aorta, inguinal skin ruptures and dismemberment of
the bodies (Table 1). Almost half of the vertebral fractures
were located in the cervical spine (Table 2). Fractures of

Table2 The topographic distribution of the 64 spinal fracturesin
the 38 fatalities involving fractures of the spinal column

Vertrebral Number of Vertebral Number of
body fractures body fractures
C1 8 T6 3

c2 0 T7 5

C3 1 T8 1

C3 1 T9 1

C5 4 T10 1

C6 10 T11 5

Cc7 7 T12 3

T1 4 L1 1

T2 2 L2 1

T3 1 L3 1

T4 3 L4 0

T5 2 L5 0
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Fig.1 Complete transversal rupture of the thoracic aorta below
the aortic arch in a 64-year-old man struck by a VW Golf at ap-
proximately 75 km/h (case 31)

Fig.2 Rupture (left) and distension mark (right) of the inguinal
skin in a 38-year-old pedestrian struck by a VW Golf at approxi-
mately 105 km/h (case 43)

the spine first appeared at a presumptive impact velocity of
27.5 km/h, they were common above 45 km/h (36/38 cases)
and were present in every case above 67.5 km/h (Table 1).
In 12 out of these 22 cases, 2—4 fractures were present in
combination (Table 1). The two pedestrians who suffered
spinal fractures below 45 km/h impact velocity showed se-
vere signs of degeneration in this segment of the spine
(cases 2 and 4). The fractures varied from relatively stable
to dislocated to gaping and involved the vertebral bodies
and/or the intervertebral discs. Ruptures or tears of the tho-
racic aorta (Fig. 1) first appeared at 63 km/h and were a-
ways present above 85 km/h (Table 1). Injury to the tho-
racic aorta was commonly combined with a correspond-
ing fracture of the thoracic spine. In no case did a rupture
of the aorta occur in the absence of a spinal fracture
(Table 1). Ruptures of the inguinal skin (Fig.?2) first oc-
curred at 66 km/h and were always present above 95 km/h
(Table 1). Dismemberment of the body was defined as
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Fig.3 Complete dismemberment of the body in a23-year-old man
after frontal collision with a Mercedes Benz 250 at approximately
142 km/h. In addition to two gaping fractures of the vertebral bod-
ies, the sacral bone was isolated from the pelvis (case 47)

complete or incomplete (“internal”) severance of the trunk
(Fig. 3) or the neck or complete amputation of aleg. These
gross injuries first occurred at 98 km/h (Table 1).

Discussion

Relationships between impact velocity and the presence
or absence of primary or secondary injuries could not be
established, which is corraborated by a recent analysis of
217 pedestrian traffic fatalities (Harruff et al. 1998). Sec-
ondary head injuries also appeared to be coincidental. For
example, death in case 2 involving the lowest impact ve-
locity was due to craniocerebral injury from secondary
impact on the kerb. However, when the erect body isim-
pacted below the centre of gravity by the front of acar, the
legs are “knocked away” in the driving direction, i.e. arapid
rotational acceleration is imparted to the legs and thus to
the long axis of the body. Depending on the precise im-
pact geometry (Beier 1973; Beier and Pfriem 1974), the
subsequent forces acting on the body can result in extreme
motions of distension/overextension, rotation and transla-
tion. This indirect type of trauma can cause fractures of
the spine (axis organ), ruptures of the thoracic aorta (sus-
ceptible to distension due to fixing points), inguinal skin
ruptures or distension marks (overextension in the hip joint
from the violent acceleration of the legs due to the pri-
mary impact) and dismemberment of the bodies. Body sev-
erance can also be caused by contact with the front edge
of the hood (Rupp 1992) or by secondary impact against
the front edge of the roof (Metter 1984b), which also ne-
cessitate high impact velocities.

A comparison of our results with other reports from the
literature is difficult for two reasons. Firstly, reliable im-
pact velocities derived from atechnical investigation are
not readily accessible and secondly, a great variety of pa-
rameters interfere with the effects of impact velocity. This
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probably caused Knight (1991) to consider this type of
study impossible. In tangential and lateral impacts Kami-
yamaand Schmidt (1970) found 14% spinal fractures below
and 38% spinal fractures above an impact velocity of
50 km/h. Pollak and Thorwartl (1988) remarked that they
never observed inguinal skin ruptures in cases below
50 km/h. Beier and Spann (1975) found aortic ruptures above
50 km/h if the location of the primary impact was close to
the centre of gravity of the pedestrian. This impact geome-
try promotes the occurrence of aortic ruptures because
the resulting rapid rotational acceleration of the trunk re-
sults in a considerable distension of the vessel wall. In
our series, ruptures of the thoracic aorta first occurred at
63 km/h and were also present in cases where the primary
impact was located well below the centre of gravity of the
pedestrian.

In an effort to overcome the heterogeneity of the pedes-
trian-car accidents, detailed selection criteriaas to the car,
pedestrian and point of primary contact were established,
which reduced the number of casesincluded in this series.
Therefore, a more detailed analysis as to the influence of
additional important parameters such as age, weight and
pre-existing diseases (e.g. osteoporosis, degeneration of
the spine, arteriosclerosis), the side where the pedestrian
was struck by the car, the precise impact geometry or the
braking behaviour of the car were not appropriate. The
limited number of cases also requires a cautious interpre-
tation of the results. An additional safety margin is intro-
duced if the calculated impact velocity intervals instead of
the mean values (Table 1) are considered. Therefore, the
following conclusions appear to be reliable for application
in casework:

* If there is no spina fracture, the velocity was below 70
km/h and probably below 50 km/h. The presence of
spinal fractures gives no clear indication because low
velocity impacts can also cause fractures, especialy if
the spine shows degeneration or osteoporosis.

 Aortic and inguinal skin ruptures are always present if
the impact velocity was above 100 km/h and they never
occur below 50-60 km/h.

* If a dismemberment of the body occurs, the impact ve-
locity was above 90 km/h.

In concusion, these “threshold velocities’ are derived from
asmall but well defined group of cases and a considerable
safety margin is included by using the velocity intervals.
Therefore, an estimation of the impact velocity from these
four types of injury in frontal collisions involving adults
in an erect position is possible in that certain velocity
ranges can beruled out. A prerequisite is the inspection of
the car by the medical examiner. The effects of additional
important parameters which have not been standardised in
this study such as the exact impact geometry, pre-existing
diseases or the build of the pedestrian should also be con-
sidered.
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