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Parametrization of Pedestrian Injuries
and its Utilisation in Proving Traffic
Accidents Course Using Injury Signatures
and Contact Signatures

Mandelik J."*, Bobrov N.?, Nevolna Z.3

ABSTRACT

Background: The paper points out the present limited possibility of using the
verbal description of injuries for the needs of experts from the field of road transpor-
tation as relevant criminalistics traces, as well as the options of the FORTIS system
that creates a new area for a deeper interdisciplinary approach in the field of expert
evidence. Further a description of how to create injury signatures and contact sig-
natures and the possibilities of their evaluation and mutual comparison based on the
proven individual attributes are described

Objective: To evaluate pedestrian injuries by the new proper FORTIS system
and to show FORTIS valuability in the assessment of mechanical violence and
mechanism of injuries.

Material and Methods: Cases of traffic injuries including photodocumenta-
tion, graphic schemes, medical files and autopsy protocols processed by the new
FORTIS forensic system.

Results: A collision between a pedestrian and a vehicle represents a matrix of
physical violence having an effect on the pedestrian’s body and a matrix of the
pedestrian’s body s response to this violence. The analysis of individual cases shows
the valuability of the FORTIS system.

Conclusion: It is apparent that for the needs of traffic accidents analysts the
FORTIS system has more options for being used in forensic medicine, as it covers
not only a field of evaluation of traffic injuries but also all kinds of injuries and ac-
cidents (rail accidents, air accidents, violent crimes, etc.).

Keywords
Pedestrian, parametrization of injuries, collision analysis, forensic medicine,
accident case analysis

Introduction
he aim of this article is to get acquainted with the results of re-
searching the possibilities of forensic parametrization and local-
ization of pedestrian injuries resulting from a vehicle-pedestrian
collision and with a consequent possibility to use the obtained informa-
tion in solving and assessing an accident course by forensic engineers
performing a technical analysis. The stated examples will be based on
actual collision calculations and on a model of predicted pedestrian inju-
ries due to a schematic explanation of the procedures used [1].
At present, an accident analyst, forensic engineer, has at solving the
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accident case, considerably limited possibili-
ties of using the information about manner
and extent of injury of a pedestrian during ac-
cident case. It results from the fact that most
often, it is only a verbal description of inju-
ries elaborated by a physician; although, such
a form of information only partially helps to
disseminate necessary knowledge of the vehi-
cle, pedestrian system. However, it is obvious
that type, extent and localization of injuries
of a pedestrian are some pieces of significant
information about conditions and course of
collision between a vehicle and a pedestrian.
In the event that the information fails to cor-
respondent with outcomes of technical analy-
sis or simulation of collision, it is possible to
consider it incomplete, or even in some cases
incorrect, or in extreme cases to be technically
unacceptable.

At solving the given issue, it is necessary:

- on the side of a medical examiners: to use
knowledge in the field of forensic medicine
in a form usable for analysis of collision, i.e.
FORTIS system

- on the side of an analysts of accident case:
to use computer technique for analysis (PC
Crash or Virtual Crash)

which results in qualitative and comprehen-
sive outcome of overall expert evidence.

Injuries of Traffic Accident Par-
ticipant as Criminalistic Traces

An injury of a traffic accident participant
(a pedestrian, crewmember, cyclist, motorcy-
clist) can be viewed and assessed from various
angles.

1. Legal Assessment

It is based on the legal qualification of causes
and consequences of injuries, on the investiga-
tion and demonstration of a degree of guilt on
the part of participants as well as a degree of
compensation of the affected persons in apply-
ing the respective legal provisions and proce-
dures.

2. Medical Assessment

It is based on the diagnostics and subsequent

treatment of incurred injuries and on the prin-
ciple of reducing health consequences as well
as on the quantification of injury extent for the
needs of compensation of the affected persons.

3. Forensic Assessment

a. It approaches the injury evaluation in light
of assessment of its severity for subsequent
legal procedures within the investigation of a
deed.

b. The evaluation of injuries as traces for the
needs of interdisciplinary evidencing of a traf-
fic accident course in cooperation with traffic
accident analysts, in which the injury evalua-
tion is approached in terms of assessing a de-
gree of violence having an effect on the body
of the affected person, causing the injuries, as
well as a detailed localization of parts which
were violated (FORTIS system) [2, 3].

The forensic assessment can be divided to:

- assessing the extent of injuries of people
who did not survive the accident

- assessing the extent of injuries of people
who survived the accident

From the investigational point of view, the
outputs of an examination of an injured person
should be in line with the needs of a forensic
evaluation: i.e. photo documentation, descrip-
tion and a complete medical documentation.

Since the accident course is a unique and un-
repeatable set of phenomena influenced by a
variety of effects, out of which many are ab-
solutely individual for a specific traffic acci-
dent, we may predict that in order to clarify,
it is essential to use all known circumstances
and facts, or that the performed traffic acci-
dent analysis and its subsequent assessment
must fully correspond to all known facts and
circumstances, whereas the extent and amount
of the objectively known facts are largely in-
fluenced by the quality of the accident site in-
spection.

The traces on the bodies of victims and in-
jured persons represent, as a whole, an integral
part of the accident, and they carry the basic
information about its course — especially in
a collision phase, and as such, they must be
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a part of the accident analysis resources dur-
ing the expert evidence. As the evaluation of
the above- mentioned traces is carried out by
forensic examiners, the question is to objec-
tivize them by means of their localization and
parametrization for further investigation needs
and for the needs of traffic accident analysts.
It is not a rare situation that the traffic acci-
dent analysts provide the documentation for
forensic examiners in order to assess the pos-
sibility of occurrence or non-occurrence of the
detected injuries.

Based on the above, we may consider
pedestrian’s injuries trace that are usable for
the needs of evidencing of the accident course.

Table 1

For that purpose, FORTIS system was devel-
oped, which enables us to make use of a fo-
rensic assessment of pedestrian injuries for an
accident analysis as equivalent to other traces
on a vehicle, road or other objects. FORTIS
system itself then represents a sophisticated
forensic assessment, which is usable for the
purposes of a consequent technical analysis, at
least as a verification element.

Nowadays, we can divide the classification,
identification as well as assessment of injuries
as traces by forensic examiners in relation to
the engineering procedures of accident ana-
lysts into four development stages [4] (Table

1):

FORENSIC ENGINEERING - TRAFFIC AC- RELA-
CIDENT ANALYSIS TION FORENSIC MEDICINE
1. stage 0 1. stage

A typical examination usually performed in a descriptive
way using minimum or no exact methods, relying primarily
on “experience‘of an expert.

The first stage of the traffic accident analysis can be
characterized as an analysis with minimal or no calcula-
tion, which is based on the expert’s experience. The
calculations and conclusions are only subjective and often
incorrect.

2. stage

This stage makes use of the latest knowledge in the field
of automotive technology, vehicle theory, mechanics,
physics and applied mathematics. The graphic methods,
experimental test results, crash test results and results of
driving and braking tests are used in the analysis.

With the completeness of documents and a correct proce-
dure of an expert a probability of incorrect conclusions is
relatively little, on condition that the movement of braking
vehicles left identifiable and localizable traces (without
ABS) and the stated calculation does not take into account
some dynamic influences on a vehicle movement.

A typical examination usually performed in a descrip-
tive way using minimum or no exact methods, relying
primarily on “experience‘of an expert.

Possible incorrect conclusions of forensic examin-
ers are associated mainly with Possible incorrect
conclusions of forensic examiners are associated
mainly with their technical ignorance of the actual
accident course. A probability of the evidence beyond
a ,belief‘is non-existent and relies mainly on the trust
in the knowledge of forensic examiners and the cor-
rectness of their judgement.

2. stage

A comparison with the known knowledge in the field
connected with a simple modelling of the injured
person’s body’s movement, perhaps even a general
consultation with a technical expert without a detailed
clarification of individual aspects of the occurrence of
injuries.

A probability of incorrect conclusion has been partly
removed, but a proof performed this way is still
mostly based on the “experience and belief‘of the
expert and relies mainly on the trust in the knowledge
of forensic examiners and in the correctness of their
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3. stage

This stage makes use of the latest science and technology
and applies two-dimensional and three-dimensional com-
puter simulation programs for a traffic accident analysis. In
these simulation programs various databases are used, in
which technical parameters of vehicles and their tyres can
be set. One of the advantages of the simulation programs
is an ability to perform calculations for specific geometric
road shapes with a choice of adhesion factors for each
surface respectively and a choice to select vehicle chas-
sis suspension stiffness and tyre characteristics. When
using this stage of a traffic accident technical analysis an
emphasis is placed on high-quality hardware and software
equipment of computers, including high-quality input
parameters, whereas a video-recording of a pedestrian/
vehicle movement is one of calculation outputs.

A probability of incorrect conclusions is low, but the elimi-
nation of alternatives is not sufficiently restricted — espe-
cially in terms of a position and movement of a pedestrian.

4. stage

This stage assumes a calculation in the simulation
program is performed using detailed information about the
injuries of participants, i.e. their localization and character-
istics of the affecting violence and it assumes a subse-
quent consultation with a forensic examiner before a final
assessment of an accident course and the accident itself.

A probability of incorrect conclusions is — with a proper use
of the information and their evaluation — minimal, virtually
removed, and the aforesaid procedure ensures that the
performed proof has all features of exactness, complete-
ness and controllability in relation to all detected traces
including the traces on the injured person’s body..

From the presented comparison of the
method development, we may conclude that
the completeness of evidence, with the cur-
rent state of knowledge and with the current-
ly applied methods, can be achieved mainly
through the interdisciplinary evidence using
the latest knowledge, procedures and methods
of forensic engineering and forensic medicine.

We should emphasize that in order to deter-
mine an implementation stage of a specific in-
terdisciplinary evidence, a lower development
stage is decisive, i.e. the use of a higher stage
in one sector in combination with a lower stage
in another sector does not lead to an evidence

1

—
—

3. stage

A comparison with the known knowledge in the field
connected with a cooperation with a technical expert
to such an extent that the course of the movement of
the injured body calculated in the simulation program
is visually compared (a video recording of a collision
calculation).

A probability of incorrect conclusions has been signifi-
cantly removed. However, a proof performed this way
is still based on the”experience“of the expert and on
the way a technical expert calculates the collision,

not using any exact knowledge of injuries, i.e. a type,
localization or how they were caused.

4. stage

A detailed description of the detected injuries and
their localization using the documented traces (mea-
surements, photo documentation) and definition of
the findings into a standardized form (e.g. Fortis) ap-
plicable for a technical expert as a description of the
traces that must be considered in a collision calcula-

2 tion and their compliance with the forensic findings
documented, a following consultation of a forensic
examiner and a technical expert and an evaluation of

; the results of the calculation presented by a video-

recording and an overview of contact parameters.

A probability of incorrect conclusion has been virtually
removed and the aforesaid procedure ensures that
the performed proof has all features of exactness,
completeness and controllability in relation to all
detected traces.

result at the level of the higher stage.

Parameterization of Injuries in
Crashes Involving Pedestrian In-
juries - FORTIS Aystem (Forensic
Traumatology Injury Scale)

At present, the medical forensic analysis
of traffic injuries is not always standardized,
especially due to non-existence of an estab-
lished, well-defined sequence for standardiza-
tion of injury parameters. The proposed pro-
cedure for the assessment of traffic injuries,
including the key element of injury parameter
standardization according to internationally

-\
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accepted AIS/ISS scale (Abbreviated Injury
Scale/Injury Severity Score) is as follows:

Material and Methods

* Investigated circumstances, accompa-
nying documentation, autopsy reports,
image documentation and results of sup-
plementary investigation evidence from
traffic accidents involving pedestrian fa-
talities

»  Complete autopsy report in accordance
with the requirements of International
Disease Classification (10th revision)

*  Assessment of injury parameters using
proprietary modified FORTIS system,
comparison of FORTIS values with AIS/
ISS values.

The Modified System FORTIS

The result is a modified FORTIS, the use of
which enables a more comprehensive defini-
tion of the extent of the injuries, thus enabling
its application in the assessment of traffic ac-
cidents. FORTIS system uses a proprietary
modified point value system, which besides
determining the basic injury to health (ZPZ),
proposes a classification of accompanying
complications in two groups: Kol primary
post-injury complications - such as traumatic
shock, haemorrhagic shock, cardiac tampon-
ade, hemothorax, pneumothorax) and second-
ary complications Ko2 — such as inflamma-
tory changes, edemas of non-traumatic origin,
thromboses, conditions arising from surgeries,
etc. Such a division provides an opportunity to
indirectly assess quality of healthcare provi-
sion in case of a surviving injured.

During the verification of modified FORTIS
system itself, 12 fatal traffic accidents were
subjected to assessment by forensic patholo-
gists, evaluating each case as a single event,
and subsequently each relevant item in the
autopsy report was assessed in a similar way.
The results acquired through above analysis
are compared to standard assessment of injury
parameters — AIS/ISS in order to demonstrate

new possibilities of FORTIS in the quantifi-
cation of injury parameters, especially in non-
fatal traffic trauma involving pedestrians, to
develop documentation for health insurance
organizations [3, 5, 6].

Presentation of FORTIS system and
signature theory to be utilised
when analysing collisions between
vehicles and pedestrians as a com-
plex accident action

Subsequently, to compare the methods, a
point evaluation of 12 assessed pedestrian fa-
talities is introduced using standard AIS/ISS
method, and the modified FORTIS system can
be seen in Table 2.

It is apparent that the possibilities of FOR-
TIS injury classification system are wider, the
system is more flexible and relevantly differ-
entiates the injuries resulting from the acci-
dent.

Results

A. Results - case No.4

Investigated circumstances: involving motor
vehicle VW Passat, whereas the vehicle with
its right side collided with underage pedes-
trian who entered its trajectory from the right
side, causing him head injury to which he suc-
cumbed shortly after the accident. Figure 1

Immediate cause of death: Rupture of the
connection between medulla oblongata and
cerebral pons and contusion and laceration of
brain and intracranial haemorrhage resulting
from fragmented fractures of cranial calvaria
and base. Figure 2

B. Results - case No.11

Investigated circumstances: involving a col-
lision between passenger vehicle and pedes-
trian. The injured pedestrian was subsequently
hospitalized at the traumatology department
with bilateral fracture of pelvis (treated by
conservative — Kirschner’s extension of left
leg). On 12th day of hospitalization, F.K. died.

J Biomed Phys Eng 2019; 9(1)
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Table 2: Scoring of road accidents of pedestrians, using classical methodology AIS/ISS and re-

spective modified FORTIS system.

Period of
o Name.nge WW Car el 1ss FORTIS FONIIS FoRns rons
1 P. U.,41 years M Car 0 66 441 224 1,7 13
2 M. J.,38 years M Car 0 75 82,8 47,7 16,1 19
3 A. P67 years w Car 0 75 78,2 53,6 17,6 7
4 E. P.9 years M Car 0 75 57,1 411 9 7
5 P. S.,49 years M Car 0 75 66,3 65,3 1,0 0
6 A. C.,80 years w Car 0.8 57 83,2 66,2 12 5
7 J. N.,58 years M Car 2 75 974 774 7,3 12,7
8 J. B.,57 years M Car 24 75 99,2 60,8 20,7 17,7
9 [. M.,47 years M Car 72 75 102,7 46,9 16,1 37,7
10 S. Ch.,57 years M lorry 239 75 59 19,1 14,5 254
1 F.K.,51 years M Car 288 75 27 9,3 7.7 10
12 M. P.,39 years M Car 291 75 60,8 242 8,5 28,1

lllustrative examples of scoring of forensic examination of fatal injuries with a different ratio ZPZ, Ko1 and Ko2

Eracture of cranial base

Fracture of cranial calvaria
etween medulla
oblongata and cerebral pons

Figure 1: Documentation of finding - illustra-
tion to case no. 4

Figure 3
Immediate cause of death: Bilateral focal ca-
tarrhal-purulent broncho-pneumonia. Figure 4

Evaluation and Benefits of the Mod-
ified FORTIS System

The results of the above-mentioned cases
indicate that in case of pedestrian death at
the site of accident, the point values yielded
by FORTIS are relatively greater for items
ZPZ and Kol, in case of surviving victim, the
values of FORTIS Ko2 are progressively in-
creasing, because there are more secondary
complications, while the values of FORTIS
Ko2 can be viewed also from the viewpoint

PP s, E.P., Dr. Bobrov

M, 9r,12cm, 26 kg

3 & 2
H i ! il FORTIS
7 H 4| Head and neck’ 51
O AIS? Face 15
Head and neck 36 || Thorax 7 43
Face || ||| 1 Abdomen |/ 0
Thorax ' 1 1 Extremities | 0,3
| Other body parts 0
Abdo']".“.' 0 | FORTIS ZPZ 41,1
Extremities 1 | || popmiskor /9
Other body parts0 “FORTIS Ko2 7
1ss F 75 | RFoRTISintoth 57,1

Figure 2: Evaluation of parameters of inju-
ries in case no. 4 via custom modified FOR-
TIS system and comparison of FORTIS values
with AIS/ISS values

of the provision of healthcare, with the point
value proportion of the basic injury to health,
primary and secondary complications, is spe-
cific for each type of accident event.

The research conducted so far, outcomes
of which are presented herein, as well as the

-\
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Older suffusions
in lumbar and pelvic area on left side

Focal catarrhal-purulent
broncho-pneumonia

Figure 3: Documentation of the finding - il-
lustration to case no. 11

PP s FX. M., 511, 173 cm, T6 kg
(= eay e
il f [FORTIS
LAY |1/ Head and neck; 5
l‘ TAIS? | [ _|I:_Zce i g'e’
Head ‘and'Ieck 25 | Wi ,rorax
s 1L/ Abdomen 34
Face 0 \ e
|+ Extremities ‘# 38
Thorax 25 ‘
. Other body parts 0,7
Abdomien 0
" I/ FORTIS ZPZ 9,3
Extremities 25
Other'body parts <FORTIS Kol 7,7
0 FORTIS Ko2 10
ISS e FORTIS in total 27

Figure 4: Evaluation of parameters of injuries
in case no. 11 via custom modified FORTIS
system and comparison of FORTIS values
with AIS/ISS values

case studies of the already performed analyses
enable us to state that the technique of stan-
dardization of pedestrian injury parameters
in case of traffic accidents (quantification of
injuries) requires the application of the propri-
etary modified scoring system FORTIS, that
enables (subject to good quality of input pa-
rameters) to calculate the degree of basic in-
jury to health, primary post-injury complica-
tions and secondary complications, including
painful treatment procedures and poor quality
of healthcare and in case of fatal injuries, it
enables to determine the immediate cause of
death.

It is also possible to use this standardized
injury score to more accurately determine
the degree of fault of a person responsible for
the traffic accident from other circumstances,
such as irresponsible attitude on the part of the
victim or insufficient or inadequate treatment
of the resulting injuries.

Traditional methods of injury parameter
standardization (AIS/ISS) have proven to be
insufficient with respect to the assessment of
the extent of injuries, since — especially in
case of higher energy acting upon the body —
the score does not change. On the other hand,
FORTIS score reflects the extent of the inju-
ries more accurately, thus making this quanti-
fication of injuries a basis for application us-
ing a computer calculation program (e.g. PC
Crash) using which, it is possible to perform
not only a simulation of accident sequence but
also verification of its accuracy using FOR-
TIS at pedestrians in connection with the lo-
calization of contact points on a pedestrian’s
body, as it is clear that FORTIS reflects the
severity of injuries occurring during traffic ac-
cidents depending on the mechanical energy
that caused the injuries during the impact [3,
71

The modified system of injury scoring dif-
fers from the existing systems in the following
aspects:

FORTIS vs. AIS/ISS

- Scoring of injuries and their complications
using modified tables Injury Score in Forensic
Medicine

- Special scoring of the basic injury to health
(ZPZ)

- The complications are divided in two cat-
egories:

1) primary post-injury complications (Kol)

2) secondary complications (Ko2)

- The score values include decimal positions

- Maximum score of FORTIS is not limited

- Using the FORTIS methodology the point
value of an injury is localized on the place of
the injury causing contact on the surface of an
injured person’s body.

J Biomed Phys Eng 2019; 9(1)

/A



Mandelik J., Bobrov N. / Nevolna z

www.jbpe.org

It is clear that the above-mentioned differ-
ences between FORTIS and the scale of AIA/
ISS system significantly increase FORTIS util-
ity, accuracy resulting in certain parameters of
the injury expressed in the form of a number,
enabling the generation of characteristic sig-
natures with respect to the parameters of the
collision between the vehicle and the pedestri-
an, or in general to the mechanism of injuries.
An expert in the field of road transport would
thus clearly understand which injuries are di-
rectly related to the accident (ZPZ) and which
injuries are a result of the subsequent response
of the pedestrian’s body (Kol), health condi-
tion, treatment procedures, etc. (Ko2), while it
should be emphasized that FORTIS score is
dimensionless and determined on the basis of
a certain arbitrary scale.

At present, a total of 39 tables are available
for scoring of injuries in individual parts of
the body, with respect to critical health con-
sequences, in respect of the applied level of
forces. This data is gradually being validated
and supplemented by additional data, and the
method is being continuously improved [2, 3].

PC FORTIS Program Designed for Pa-
rametrization and Localization of
Injuries

A software application PC FORTIS was
developed for the parametrization and visual-
ization of injuries on the surface of the body.
When a doctor uses this application during
the first and during subsequent treatments,
the quality of the data on pedestrian and his
injuries should be greatly improved for the
needs of traffic accident analysts. A 3D static
strength prediction program — 3DSSPP (Uni-
versity of Michigan, USA, freeware) was used
as auxiliary graphics software [3, 7].

An expert in the field of road transport should
consider it a benefit to use or similar program
which graphically presents the injuries, as it
greatly improves the information on the con-
tact localization and parameters of individual
injuries.

When colour coding is used to distinguish
between ZPZ, KOol and Ko2, it can be as-
sumed that such information will be signifi-
cantly more valuable for the expert, whereas
the tables with scores are located outside the
dummy with identified localization of contacts
on the body surface and colour coding of se-
verity of individual injuries. It can be assumed
that in case of primary medical intervention
(traumatology in survivors), the doctor should
have available a PC software showing the in-
juries identified by score value in colours cor-
responding to the assigned score.

PC FORTIS program, which in addition
to the data on a patient (age, height, weight,
clothes, verbally described diagnosis, etc.),
enables a direct localization of a contact loca-
tion on the body surface resulting in an injury
and scoring of individual injuries using the
provided classification tables and instructions
for their use. Figures 5 and 6

The output presents a depiction of the local-
ization of individual’s injury contacts, overall
point value as well as a local point value and
its distribution on the body of a pedestrian —
patient. Figure 7

A detailed score — the result of FORTIS clas-

{ -
/ | \ I—J Kategoria:
[ \/
\ f \/
\
‘ ./ | F Poranenie
J 7
ﬂl ‘/ it Skupina)
\ (
\ | Typ: I
k 2 Poranenia steny hrudnika, brucha, vrétane kosti pletenca hornej konéatiny
\1"“‘ 4 Poranena pliic
\ | 5 Poranenia ciev hrudnika
\ \ 6 Poranznia branice J
\ \. & Poraneni pedene
\ ‘\ 9 Poranena #lcovoday, Zinka a vivodu podzalidkove) 2fazy
“» | 10Poranenie podzalidkovej 2l azy j
" “\L 11 Poranenie pazerka
{ ‘ | 12Poraneniz Zalidka J
L\ \ 13 Poranenia dvandstnika
‘[ \‘ "~ 32Podkodena perférnych ey
| 39 Popéleniny
\"I-’.
‘c' N Ostatné poranenia »
I/ \B
4 3

Figure 5: Illustration of the use of classifica-
tion tables in the PC Fortis program
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Poranenia steny hrudnika, brucha, vrétane kosti pletenca hornej konéatiny =]

Skupina | Typ poranenia

Popis poranenia

Pomliazdenie ITupé poranenie koZe a podkozia za kazdjch 100 cm2

Tupé poranenie svaloviny steny hiudnika a biucha za kasdjch 10 cm2
Roztrhnutie KoZa a podkozné tkanivo, podra rozsahu
Zlomenina Menej ako 3 rebra [zatvorené zlomeniny)

Zlomenina kIticnej kosti bez posunutia dlomkoy
] Roztthnutie KoZa, podkozné tkanivo a svalovina
Zlomenina Viac ako 3 rebré vedra seba (zatvorené zlomeniny)
Otvorend alebo triestiva zlomenina kIiénej kosti
Zatvorend zlomenina mostika
Zatvorena alebo otvorend zlomenina tela lopatky
n Roztihnutie Celé hribka steny hrudnika s poskodenim pohrudnice
Zlomenina Otvorend alebo triestiva zlomenina mostika
Triestivé Zlomening menej ako tioch rebier na jednej siane
IV Roztrhnutie Rozthnutie tkaniv steny hudnika so zlomeninami rebier
Zlomenina Tiiestivé zlomeniny viac ako troch rebier na jednej strane
v Zlomenina Triestivé zlomeniny viac ako troch rebier obojstranne - znamky flail chest

4
d Kategéria:
| /4 2 Poraneria steny hiudnika, brucha, vrétane kost/ pletenca ho
\/
f [~ Poranenie
Vybrat... Skupinall
Typ:  |[Zomenina
Popis
IViac ako 3 1ebrd vedra seba (zatvorené zlomeniny) d

FORTIS: |20 3: * Uvedens tabulka sz tpkaiba il

\ \[ (2-3) steny hrudnika a nezahffia
b2 | ‘:Bu_lumi u&gany. i o
Tl poskodent prisiusnych ciev:
-
| =
Fizpz Poznamk
- € Kol =
din \ € Ko2
"\‘ -
» Znust oK
< Spaf Dalej>>
= Paranenia: 4

Figure 6: Example of classification tables and
their use in the PC Fortis program

sification — is compatible with a multi-body
system used for calculations in PC Crash, en-
abling an approximate analysis of forces act-
ing during a collision on individual parts, or to
recognize the consequences of the force acting
upon a patient’s body.

Assessment and Advantages of FOR-
TIS System and PC FORTIS Program
FORTIS system represents a universal in-
strument usable in practice, which enables to
substitute, for the needs of experts — analysts
of traffic accidents, the medical verbal descrip-
tion of injuries with the description of injuries
expressed in point scoring by means of their

o |

oy

=

FORTIS

Celkom

Trup

Panva

Pravé stehno
Pravé lytko
Pravé chodidio
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Figure 7: lllustration of FORTIS output after
classification of injuries and localization of
contacts

parametrization with high evidence value.

PC FORTIS program can be considered as
a tool for expert practise at using the modified
system FORTIS, and even in combination with
video-recording from simulation of contacts
of the pedestrian’s body during collision and
other outputs with their physical parameters
from the PC Crash program or Virtual Crash
program. The localisation and parametrization
of injuries made in the PC FORTIS program
by a medical examiner provides an option of
direct visualisation of injuries as significant
information for a traffic accident technical an-
alyst. As its advantage can be considered, also
the fact that it enables not only visualisation
of injuries localisation, but also generation of
individual signature of injuries (ratio of forces
acting at the time of injury on individual parts
of the body according to its distribution cor-
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responding to a calculation multi-body system
in PC Crash) for a particular type of collision
and for specific conditions, such as character-
istics of pedestrian’s body, his position, move-
ment, type of vehicle, its speed, dynamics at
the time of collision, etc. When conducting the
research, the following data on energy distri-
bution on the pedestrian’s body at the time of
collisions were also collected and calculated
from the PC Crash program. We could state
that for a particular collision such data have
always individual features, from which it is
possible to generate characteristic signatures.

A collision between a pedestrian and a ve-
hicle represents a matrix of physical violence
having an effect on the pedestrian’s body and
a matrix of the pedestrian’s body’s response
to this violence. The stated matrices of impact
of forces and other physical effects and of the
pedestrian’s body’s responses are mutually
dependent and are individual, identifiable and
comparable for the specific collision.

It is not possible that in two different pedes-
trian/vehicle collisions the same forces have
an effect on a pedestrian’s body. Thus, the
pedestrian’s body’s response (injuries) is al-
ways different.

In order to be able to recognize differences,
or individual features, of a collision we may
use a calculation simulation program - PC
Crash, which not only calculates the course
of a collision on a validated pedestrian model,
but also generates the values of the physical
violence having an effect on the pedestrian’s
body.

In order to recognize the individual features
of the pedestrian’s body’s response (injuries),
we may use the FORTIS system, which serves
to perform the forensic universal parametrisa-
tion of pedestrian injuries by evaluating their
injuries and which, based on forensic exam-
iners” knowledge using a forensic scale, de-
termines the effects affecting the surface of
individual parts of the pedestrian’s body in a
special point scale.

In order to display the values, a so-called

injury signature is used, which in connection
with the localisation of the contacts on the
pedestrian’s body, allows for a comparison
of these data with the values of the affecting
physical violence generated from the calcula-
tion by means of PC Crash program as well
as a comparison of the contact localisation in
three-dimensional display (video recording)
from the calculation.

The signature represents a visual expression
of something — in this case a proportion of the
values characterizing:

A. the physical effects on the surface of the
pedestrian’s body during a collision with a ve-
hicle (signature of contacts)

B. the response of the pedestrian’s body to
these physical effects on the surface of his/her
body determined on the basis of the forensic
evaluation of the injuries observed (signature
of injuries)

Then, the term signature of injuries means a
visual expression of the localisation and extent
of injuries on a pedestrian’s body by means of
FORTIS system, allowing a comparison with
the signatures created from the outputs of a
collision simulation and the evaluation of their
compliance.

Individuality of Contacts during a
Collision between a Pedestrian and
a Vehicle

Within the performed research, the results
obtained by NS of a backpropagation type
indicate that the distribution of injuries on a
pedestrian’s body is always functionally de-
pendent on the type of a collision, during which
the pedestrian suffered them and that their sig-
nature (in this case of the energy distribution)
be usable to identify a collision type. We may
state that the experiment results obtained from
this sample confirm the basic hypothesis, i.e. a
possibility to recognize individual features of
each individual collision between a pedestrian
and a vehicle depending on the localization
and type of pedestrian’s injuries to a techni-
cally relevant extent [8].
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A demonstration of a possibility
to recognize the individual fea-
tures of the contacts between a
pedestrian and a vehicle during a
collision and their comparisons
with a signature of observed in-
juries parametrized in the FORTIS
system in BF (Body Fortis)

orensic signature for sim 30-30R
collision

Sim 30-30 — the impact speed of 30 km/hour,
a direction of the pedestrian’s movement - 30
degrees against the vehicle, R- pedestrian’s
stepped-out right leg, speed of the pedestrian
- 4,6 km/hour (for all calculations). Figure 8

Sim 30-30R collision calculation — a display
of pedestrian’s contacts with a vehicle — Fig-
ure 9

Sim 30-30R collision calculation — a display
of the calculated intensity of contacts — Figure
10

A signature of the contact forces for a sim
30-30R collision according to the calculation
— Figure 11

Pedestrian injury signature aftera collision according to FORTIS (Fortis points) for sim 30-30

Figure 8: A display of the localization output,
FORTIS system scoring and injury signature
created based on the scoring of a basic injury
to health (ZPZ2)

Figure 9: A display of the contacts of a colli-
sion between a pedestrian and a vehicle ac-
cording to the sim 30-30R calculation

S410L71 N, 118 N, 10:1942N,11: 2613 N, 12: 373N, 21 324N, 22 20521, BN ALOBN, L5030, 042N, 0

Figure 10: A display of the calculated inten-
sity of contacts for pre sim 30-30R
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A comparison of contact force signature and
injury parameters for sim 30-30R collision —
Figure 12

For other comparable collisions, the follow-
ing contact signatures were achieved:

A comparison of collision courses and con-
tact force signatures for sim 30-30R, sim 30-
90R, sim 40-30R, sim 30-30L collisions — Fig-
ure 13.

Discussion

Based on the results of the research and its
application in practice as they were presented
in the article, it can be stated that the presented
procedure represents a new perspective meth-
od of forensic assessment of injuries by means
of a universal special dimensionless scale of
the new FORTIS classification system, where

signatira kontaktov sim 30-30 P

the point values determine, based on the char-
acteristics and the extent of the individual in-
juries, the physical violence that affected the
contact area of the injured person’s body at the
time of the injury. The stated parameteriza-
tion of the injuries as well as the localization
of contacts using current advanced simulation
programs designed to investigate traffic acci-
dents are able to identify this injurious physi-
cal violence and, with the proven individuality
of distribution and intensity of contacts, cre-
ate, using the theory of injuries and contacts,
the new possibilities to investigate the occur-
rence and course of traffic accidents.

Conclusion
It is apparent that for the needs of traffic ac-
cidents analysts while solving a vehicle-pe-
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Figure 12: A display of a comparison of injury signature and contact signature for sim 30-30R
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Figure 13: A display of the collision course and contact signatures for comparable collisions

destrian collision, an opportunity to compare
a level of a compliance of the localisation of
injuries at own calculations is created by the
described means and procedures, and even a
comparison of the compliance of distribution
of the total energy and other physical influ-
ences acting upon collision on a pedestrian’s
body, using the presented way. The mentioned
program has more options for being used in
forensic medicine, as it covers not only a field
of evaluation of traffic injuries but also all
kinds of injuries and accidents (rail accidents,
air accidents, violent crimes, etc.). In order to
get more from the possibilities of its utilisa-
tion, it would be advisable to use FORTIS pro-
gram at the first contact of a physician with a
patient who has suffered an injury, and until
the patient is fully recovered. This procedure
would provide a complete documentation of
traces on the body of an injured person as well
as the assessment of other relevant facts. This
procedure, based on the FORTIS system, the
developed Theory of injury and contact signa-
tures, has been used in the police practice in
the Slovak Republic for several years and we
may say that thanks to its utilisation, the evi-

dencing process has been improved consider-
ably, even in the cases in which it would not
have been possible to achieve a clear conclu-
sion by means of regular procedures. This can
be attributed to the fact that the utilisation of
FORTIS method makes it possible to evalu-
ate the traces on a pedestrian’s body in a way
that it can be used for further evidencing by
forensic engineers. The extent of a compli-
ance of injury and contact signatures is strictly
demonstrable, which is also accepted in court
proceedings in proving and assessing the
course of an accident in the legal system of
Slovak Republic.
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