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Summary. Authentic car-to-car side collisions (r = 30)
with the main impact area at the B-pillar were analyzed
to find technical parameters corresponding with the in-
jury severities of the front seat, belt-protected car pas-
sengers on the impact side. EES (Energy Equivalent
Speed) and Av (delta v, change in velocity) were highly
significant predictors of the severity of thoracic and ab-
dominal injuries and total injury severity coded accord-
ing to the Abbreviated Injury Scale (AIS). At an EES or
A v=40km/h all front-seat car passengers on the impact
side sustained a total injury severity of Maximum AIS
(MAIS) =4 and died. Although a passenger could sur-
vive the crash without injury to one or more body re-
gions up to the highest EES- and Av-values, at EES or
Av =40km/h fatal injuries were sustained in at least one
body region. At an EES =35km/h or a Av=15km/h no
front-seat car passenger on the impact side remained un-
injured.

Key words: Side collisions — Front passengers — Injury
severity — Reconstruction of accidents

Zusammenfassung. 30 reale Pkw-Pkw-Seitenkollisionen
mit HauptanstoBpunkt B-Holm und stofinah sitzenden
angegurteten Frontinsassen wurden mit forensischer Ge-
nauigkeit rekonstruiert und die technischen Parameter
mit der Verletzungsschwere, codiert nach AIS (Abbre-
viated Injury Scale) 1985, in Beziehung gesetzt. EES
(Energy Equivalent Speed) und Geschwindkeitsinderung
Av waren hochsignifikante Priddiktoren der Thorax-,
Abdominal- und Gesamtverletzungsschwere. Ab einer
EES oder Av=40km/h erlitten die stoBnahen Insassen
eine Gesamtverletzungsschwere MAIS = 4 und starben.
Auch wenn Insassen bis zu hochstens EES- oder Av-Wer-
ten in einer oder mehreren Korperregionen unverletzt
bleiben konnten, erlitten sie ab einer EES oder Av=
40km/h todliche Verletzungen in mindestens einer Koér-
perregion. Ab einer EES = 35km/h oder einer Av=25
km/h blieb kein stofnaher Insasse mehr unverletzt.

Correspondence to: E. Miltner

Schliisselworter: Seitenkollisionen — Frontinsassen, In-
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Introduction

Biomechanics and accident research have become an es-
tablished field of research and expert opinion in forensic
medicine. In accident research the analysis of car side
collisions has become of great interest. The proportion
of side collisions among all car accidents is between 15—
40% (Otte et al. 1982; Otte 1990; Rouhana and Forster
1985; Danner et al. 1987; Daimler Benz 1988; Ropohl
1990) [5, 4, 13, 14, 16, 17]. Front seat passengers have a
high risk of severe injuries, especially when the impact
occurs to front doors or B-pillars (Niederer et al. 1980;
Kallieris et al. 1986; Otte 1990) [10, 12, 14]. However,
most accidents are analyzed and reconstructed from fo-
rensic aspects. Often the forensic expert is asked, what
the injuries of the passengers would have looked like, if
one or both cars had been driven at a lower speed. For
example: Car driver A approaches a crossing with 60
km/h, where only 50 km/h is permitted. With a collision
speed of 60km/h he hits a car crossing from the right
side at the left wing. The driver B of the other car is in-
jured. The forensic reconstruction of the accident proves
that the other car B would have been hit at the left B-pil-
lar, when A would have driven with the permitted speed
of 50km/h. From this hypothetical accident, one of the
forensic questions is, whether the driver B would have
been injured too, and which injury severity would be ex-
pected. This study of authentic side collisions was made
to find technical crucial points of accidents corresponding
to certain injury severities.

Materials and methods

The accidents were taken from records of the Heidelberg police
from the years 1987-1990 and from the autopsy reports of the In-



12

E.Miltner et al.: Technical parameters in crash injuries

Table 1. Spearman-Rank-Correlations. 30 front-seat, belt protected car passengers on the impact side in authentic car-to-car side collisions

EES Deltav Defor- Age Head-  Neck- Thorax- Abdom.- Spine-  Extrem.- MAIS
mation AIS AIS AIS AIS AIS AlS
EES 1.000
Deltav 0.932 1.000
Deformation 0.911 0.817 1.000
Age —0.063 —0.033 0.127 1.000
Head-AIS 0.465 0.422 0.486 -0.045 1.000
Neck-AIS 0.606 0.618 0.575 0.221 0.704 1.000
Thorax-AIS 0.853 0.803 0.837 0.174 0.386 0.599 1.000
Abdomen-AIS 0.809 0.823 0.741 0.036 0.315 0.525 0.871 1.000
Spine-AIS 0.318 0.347 0.348 0.022 0.537 0.578 0.265 0.381 1.000
Extrem.-AIS 0.650 0.652 0.670 0.277 0.459 0.736 0.808 0.766 0.544 1.000
MAIS 0.816 0.823 0.822 0.046 0.611 0.677 0.882 0.764 0.400 0.709 1.000

stitute of Forensic Medicine in Heidelberg from the years 1983—
1990. The accidents could be reconstructed from photographs of
the accident situations as well as the damaged cars and from acci-
dent sketches. In the case of fatal accidents the cars were examined
whereas fatal accidents were only included when a postmortem ex-
amination took place. Collision speed, EES and Av were calcu-
lated by standard procedures for the forensic reconstruction of ac-
cidents (Slibar 1966; Burg 1973; Burg and Zeidler 1980; Burg and
Rau 1981) [1-3, 18]. The EES (Energy Equivalent Speed) is an es-
timate of impact velocity derived from the energy required to de-
form the vehicle in simulated collisions with a rigid barrier, Av is
the change in velocity during the collision phase. From 272 se-
lected occupants sustaining authentic car-to-car side collisions, 30
front-seat car passengers on the impact side where the car was
struck at the main impact area of the B-pillar were selected for fur-
ther investigations. A pillar is a vehicle roof support structure and
the B-pillar is between the front and rear seats.

The injuries were coded according to the Abbreviated injury
Scale (States et al. 1980) [20] 1985 revision. The AlIS-scale dif-
ferentiates between injury grades from 0 (uninjured) to 6 (immedi-
ately fatal) in the body regions skin, head, neck, thorax, abdomen,
spine and extremities. The maximum-AIS (MAIS) is the highest
value of the regional AIS. The crucial point of potentially fatal in-
juries which however are normally survived is between (M)AIS 3
and 4. As this was a retrospective study, anthropometric paramet-
ers like height and weight could only be found in the autopsy cases.
The ages were known in all cases in this part of the study.

The data in this study was analyzed and statistically calculated
on an Apple Macintosh Computer with the data analyses program
Datadesk TIT Professional™ (distributions, boxplots, Spearman
Correlations), Odesta Corporation, Northbrook Illinois (USA),
and JMP™ (contingency table analysis by means of analysis of log-
likelihood). SAS Institue Inc., Cary, NC (USA).

The box in a boxplot extends from the 25% point to the 75%
point. The horizontal bar is at the median. The T-bars extend from
the top and bottom of the box to depict the extent of the main
body of the data. Extreme values are plotted individually, usually
with a circle. Very extreme values are plotted with a star.

Results

The Spearman-Correlation (Table 1) shows the connec-
tion between EES, Av, maximum deformation, age and
injury severity. Relatively high correlations were found
between EES and Av as well as deformation and of the sev-
erity of injury. The highest correlation values were found
between the technical parameters and Thorax-AIS, Ab-
domen-AIS and MAIS. The age of the occupants showed
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Fig. 1. Distributions of EES, delta v, age and MAIS 30 front-seat,
belt protected car passengers on the impact side in authentic car-
to-car side collisions

no high correlation with the severity of injury. The high-
est relation between the regional injury severities was
found between Thorax-AlIS and Abdomen-AIS.

Figure 1 shows the distributions of EES, Av, age and
MAIS. The bar chart of MAIS presents an almost bio-
modal distribution of the total injury severity. Many
cases were investigated with MAIS 0-1 and 5-6, and
only a few cases with MAIS 2-4. This distribution could
be an effect of the case selection while sampling the
data, but as recommended above, we tried to get a uni-
form distribution of injury severities. In fact, the lack
of MAIS 2-4 could be a sample effect, especially when
comparing the distributions of EES and Av. By combin-
ing the values > 50 or 60 km/h, we have an almost bi-
modal distribution, too. In fact, the cases with an EES or
Av <40km/h reflect the accidents from the police re-
ports, and the cases with an EES or Av =40 km/h reflect
the accidents from our autopsy reports. But it could be,
that there is a very small transition from serious to fatal
injuries for front-seat car passengers on the impact side
in car-to-car side collisions. The age of the occupants
ranged from 10 to 77 years with an average of 35 years.
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Fig.2. EES and (M)AIS 30 front-seat, belt protected car passen-
gers on the impact side in authentic car-to-car side collisions

Figures 2 and 3 show the boxplots for EES and Av
versus injury severities. Neck-AIS, Thorax-AlIS and MAIS
show a distinct increase of injury severity with increasing
EES- and Av-values. At EES- and Av-values =40km/h
all front-seat car passengers on the impact side sustained
MAIS = 4. All 13 passengers with MAIS =4 died. Causes
of death were shock lungs (2 cases), hemorrhagic shock
(2 cases), polytrauma (5 cases) and air embolism, peri-
cardial tamponade, head-trauma, trunk-trauma (1 case
each). Six victims were killed immediately, 2 died within
one hour of the accident, the others survived up to 28
days. The occupants were not necessarily injured in all
body regions. While sustaining fatal injuries to a certain
body region, the head, neck or spine could remain to-
tally uninjured up to the highest EES- and Av-values.
Above an EES of 30km/h or a Av of 15 km/h all persons
were injured in at least one body region. As this was a
retrospective study and some hematomas and spine strains
may have appeared after filling out the accident records,
the crucial points for MAIS > 0 might be at an EES less
than 30km/h and at a Av less than 15 km/h.
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Fig.3. Delta v and (M)AIS 29 front-seat, belt protected car pas-
sengers on the impact side in authentic car-to-car side collisions

To get larger groups for statistical analysis we com-
bined the injury severities of the group (M)AIS 0, (M)AIS
1-3 and (M)AIS 4-6. EES and Av were split into the
groups 0-19km/h, 20-39km/h and =40km/h. In this
way, we analyzed in detail Head-AIS. Thorax-AIS, Ab-
domen-AIS and MAIS (Tables 2-5). With the exception
of Head-AIS (Table 2) and EES/Abdomen-AIS (Table
4) we found in these models a good prediciton for the in-
jury severities (Rsquare 0.70-0.81). The P-values for Av
and Head-AIS were < 0.05, otherwise < 0.001. In each
AIS, category, especially in Thorax-AIS and MAIS, we
saw a distinct increase of the injury severity with increas-
ing EES and Av. Furthermore we found no (M)AIS =4
below an EES or Av of 40km/h and minor injuries only
exceptionally occurred above an EES or Av of 40 km/h.

Other technical variables such as car mass, collision
speed or collision angle had, alone or in combination, no
significant influence on the severity of injury of the oc-
cupants. As mentioned above, anthropometrical vari-
ables such as height and weight could not be taken into
consideration, the only available antropometrical vari-
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Table 2. Influence of EES and delta v on Head-AIS. Analysis of
Loglikelihood. 30 front-seat, belt protected car passsengers on the
impact side in authentic car-to-car side collisions

E.Miltner et al.: Technical parameters in crash injuries

Table 4. Influence of EES and delta v on Abdomen-AIS. Analysis
of Loglikelihood. 30 front-seat, belt protected car passsengers on
the impact side in authentic car-to-car side collisions

Head-AIS 0-19km/h  20-39km/h >39km/h  Total Abdomen-AIS  0-19km/h 20-39km/h >39km/h Total
EES (Rsquare 0.26, P<0.001) EES (Rsquare 0.17, P < 0.001)
0 3 1 6 20 0 3 14 1 18
1-3 0 3 1 4 1-3 0 0 1 1
4-6 0 0 6 6 4-6 0 0 11 11
Sum 3 14 13 30 Sum 3 14 13 30
Delta v (Rsquare 0.25, P <0.05) Delta v (Rsquare 0.70, P <0.001)
0 9 5 5 19 0 11 6 1 18
1-3 2 1 1 4 1-3 0 0 1 1
4-6 0 0 6 6 4-6 0 0 10 10
Sum 11 6 12 29 Sum 11 6 12 29

Table 3. Influence of EES and delta v on Thorax-AIS. Analysis of
Loglikelihood. 30 front-seat, belt protected car passsengers on the
impact side in authentic car-to-car side collisions

Table S. Influence of EES and delta v on MAIS. Analysis of Log-
likelihood. 30 front-seat, belt protected car passsengers on the im-
pact side in authentic car-to-car side collisions

Thorax-AIS 0-19km/h  20-39km/h >39km/h  Total MAIS 0-19km/h  20-39km/h >39km/h  Total
EES (Rsquare 0.73, P <0.001) EES (Rsquare 0.81, P <0.001)
0 3 13 0 16 0 3 2 0 5
1-3 0 1 1 2 1-3 0 12 0 12
4-6 0 0 12 12 4-6 0 0 13 13
Sum 3 14 13 30 Sum 3 14 13 30
Delta v (Rsquare 0.73, P <0.001) Delta v (Rsquare 0.75, P <0.001)
0 10 6 16 0 5 0 0 5
1-3 1 0 1 2 1-3 6 6 0 12
4-6 0 0 11 11 4-6 0 0 12 12
‘Sum 11 6 12 29 Sum 11 6 12 29

able age, had no influence on severity of injury, perhaps
as an effect of distribution.

Discussion

Authentic car-to-car side collisions were analyzed to find
the technical crucial points for certain injury severities of
front-seat car passengers on the impact side. EES and Av
gave the best prediction of the severity of injury of the
occupants. Other technical variables such as collision
speed, collision angle and car mass alone had no signifi-
cant influence on the severity of injury. Testing these
variables by a multivariate analysis in a factorial design
with EES or Av reduced the injury prediction of EES
and Av.

The collision speed of the strinking car was not an ap-
propriate predictor of the injuries of the passengers in
the impacted car, because the speed of the struck car was
not taken into consideration. The influence of the colli-
sion angle on injury severity could not be demonstrated,
although the angle of impact energy has been found to
be an essential influential parameter Otte (1990) [14], as
a result of the fact that in 22 out of 30 cases the collision

angles were 90 or 270 degrees. The influence of car mass
and car size on the injury severity of the passengers has
been established by Glaeser (1982); Evans (1985); Evans
and Wasielewski (1987); Robertson and Baker (1976);
Otte et al. (1990) [6--9, 13-15], but in our study we could
not prove the influence of the mass of the unloaded cars
or the total mass of the cars. This might be due to the
small number of cases in our study. Moreover, the un-
loaded mass of the cars did not differ very much. Be-
cause this was a retrospective study, the total car mass at
the time of the accident could only be estimated. In
many cases we did not have the weights of the surviving
passengers, and in none of the cases could the contents
of the petrol tank or the load of the cars be measured.

Age showed no significant influence, although an in-
fluence of age on injury severity has been previously es-
tablished experimentally. Kallieris et al. (1986); Mattern
et al. (1979); Schmidt (1979) [10, 11, 19] found a high
correlation between the age of PMHS (postmortem hu-
man subjects) and thoracic injury, mostly represented by
the number of rib fractures.

In our study fatal crashes occurred at an EES or Av=
40km/h and an MAIS = 4. Thus, the AlS-scale differen-
tiated clearly between surviving and non-surviving oc-
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cupants. Below an EES or Av of 40km/h no regional
AIJS <4 occurred. These results correspond with the re-
sults of Otte (1990) who also found a dramatic increase
of MAIS 5-6 with the front-seat car passengers on the
impact side between a Av range from 40 to 50km/h in
car-to-car side collisions. However, in our study it must
be taken into consideration, that only very few cases of
AIS 3 or 4 were found. Thus, with more cases at the
transition from regularly survived to potentially fatal in-
juries, the crucial point to fatal injuries might not have
become as abrupt as shown in this study. Although we
tried to find an approximately equal number of cases for
all AIS-grades, we again returned to a bimodal distribu-
tion with many cases (M)AIS 0-2 as well as many cases
(M)ALIS 5-6. Not considering the sample effect, the fre-
quent bimodal distribution of injury severity in car-to-
car side collisions might reflect the extremely narrow gap
between life and death for front-seat car passengers on
the impact side.

The box-plots (Figs. 2 and 3) demonstrate, that a fat-
ally injured person might have severe injuries in only one
or more body regions. Especially the head, neck and
spine were sometimes totally uninjured up to the highest
EES- and Av-values. In side collisions the main contact
area for head injuries of front-seat passengers on impact
side is the B-pillar. Small variations in the seat position
in relation to the B-pillar or in the collision angle, the in-
tfluence of 2 or 4-door cars or the individual body posture
at the time of the impact can determine the difference
between fatal and no head injuries. Neck injuries were
quite seldom, because Neck-AIS comprise only injuries
of the organs, soft tissues, nerves, vessels, etc., without
spinal injuries. High degrees of Neck-AIS were only found
in our larger accident sample in side collisions with trucks,
trees or buildings at high impact speeds. The thoracic
and lumbar areas of the spine are well protected in side
collisions, and injuries mostly refer to the cervical spine
in the form of direct impact trauma or indirect decelera-
tion trauma.

In a retrospective study it is difficult to register trivial
injuries. As taken from the police records, many persons
were recorded as being uninjured at the scene of acci-
dent. In this study at an EES =30km/h or a Av=15km/h
no occupant remained uninjured. It can be assumed
with a high probability that some of the persons experi-
enced pain or noticed hematomas later. So the crucial
points for MAIS > 0 might be below an EES of 30km/h
or a Av of 15km/h. Otte (1990) [14] found totally unin-
jured passengers up to a Av of 50km/h. This might result
from the fact that Otte considered impacts to the whole
passenger compartment, while we only selected main
impact areas at the B-pillar. On the whole, our retro-
spective study showed a good correlation to the larger
prospective study of Otte (1990) [14].

15
References

1. Burg H (1973) Das Antriebs-Balance-Diagramm als optimales
Mittel der Unfallanalyse. Der Verkehrsunfall, Verlag Infor-
mation Ambs GmbH, Kippenheim, Issue 2

2. Burg H, Rau H (1981) Handbuch der Verkehrsunfallrekon-
struktion. Verlag Information Ambs GmbH, Kippenheim

3. Burg H, Zeidler F (1980) EES — cin Hilfsmittel zur Unfallre-
konstruktion und dessen Auswirkungen auf die Unfallforschung.
Der Verkehrsunfall, Verlag Information Ambs GmbH, Kip-
penheim, Issue 4

4. Daimler Benz (1988) Pressemappe zum Workshop aktive and
passive Sicherheit. Presseabteilung Daimler-Benz AG, Stutt-
gart

5. Danner M, Langwieder K, Hummel TH (1987) Experience
from the analyses of accidents with a high belt usage rate and
aspects of continued increase in passenger safety. 11th Int
Techn Conf on Exp Safety Vehicles, Washington, 12.-15.5.
1987, pp 201-210

6. Evans L (1985) Fatality risk for belted drivers versus car mass.
Accid Anal Prev 17:251-271

7. Evans L (1985) Involvement rate in two-car crashes versus
driver age and car mass of each involved car. Accid Anal Prev
16:387-405

8. Evans L, Wasielewski P (1987) Serious or fatal driver injury
rate versus car mass in head-on crashes between cars of similar
mass. Accid Anal Prev 19:119-131

9. Glaeser KP (1982) Uber die Problematik von Pkw-Pkw-Unfil-
len zwischen groflen und kleinen Fahrzeugen. Z Verkehrssi-
cherheit 28:23-28

10. Kallieris D, Mattern R, Hardle W (1986) Belastbarkeitsgren-
zen und Verletzungsmechanik der angegurteten Fahrzeugin-
sassen beim Seitaufprall (2) Schriftenreihe Forschungsverei-
nigung Automobiltechnik eV, Frankfurt, Nr. 60

11. Mattern R, Barz J, Schulz F, Kallieris D, Schmidt G (1979)
Problems arising when using injury scales in the biomechanical
investigation with special consideration of the age influence.
Conf Proc 4th IRCOBI, Géteborg, 5.-7.9.1979, pp 223-231

12. Niederer P, Walz F, Weissner R (1980) Verletzungsursachen
beim Pkw-Insassen. Verletzungsminderung durch moderne Si-
cherheitseinrichtungen. Unfallheilkunde 83 :326-340

13. Otte D, Kiihnel A, Suren EG, Weber H, Gotzen L, Schocken-
hoff G, Vu Han V (1982) Erhebungen am Unfallort, Unfall-
und Sicherheitsforschung StraBenverkehr 37, Herausgegeben
von der Bundesanstalt fiir StraBenwesen. Bereich Unfallfor-
schung, Koln, pp 1-100

14. Otte D (1990) Comparison and realism of crash simulation tests
and real Accident situations for the biomechanical movements
in car collisions. Conf Proc 34th Stapp, Orlando, Florida, 4.~
7.11.1990, pp 329-347

15. Robertson LS, Baker SP (1976) Motor vehicle sizes in 1440
fatal crashes. Accid Anal Prev 8:167-175

16. Ropohl D (1990) Die rechtsmedizinische Rekonstruktion von
Verkehrsunfillen. DAT-Schriftenreihe Technik, Markt, Sach-
verstandigenwesen, vol 5:90-92

17. Rouhana SW, Forster ME (1985) Lateral impact — An analy-
ses of the statistics in the NCSS. Conf Proc 29th Stapp., Wash-
ington, 9-11.10.1985, pp 79-98

18. Slibar A (1986) Die mechanischen Grundsitze des StoBvor-
ganges und ihre Anwendung. Archiv fiir Unfallforschung,
GUFU Baden-Baden

19. Schmidt G (1979) The age as a factor influencing soft tissue
injuries. Conf Proc 4th IRCOBI, Géteborg, 5.-7.9.1979, pp
143-150

20. States JD, Huelke DF, Baker SP, Bryant RW et al. (1980) The
abbreviated injury scale (AIS), 1985 Revision, American As-
sociation for Automative Medicine (AAAM)



