Rom J Morphol Embryol 2020, 61(3):729-737

ISSN (print) 1220-0522, ISSN (online) 2066-8279

doi: 10.47162/RIME.61.3.11

ORIGINAL PAPER

RJME

Romanian Journal of
Morphology & Embryology

http://www.rjme.ro/

Experimental model for the study of traumatic brain injury

ILIE DUMITRUY, MARIAN VALENTIN ZORILA?, RAZVAN STEFAN TOLESCU®), LAURENTIU RACILAY,
CRISTINA ILEANA PASCUY), ALEXANDRU CONSTANTIN OPRICA®), DANIELA VASILICA BURGHILA®),
LUCIAN MATEIY, ELENA JANINA ViILCEA”), CRISTINA POPESCU®), OANA BADEA-VOICULESCU?,

LAURENTIU MOGOANTA!®)

Y Department of Road Vehicles and Transportation, Faculty of Mechanics, University of Craiova, Romania
2Department of Forensic Medicine, University of Medicine and Pharmacy of Craiova, Romania

JPhD Student, Department of Histology, University of Medicine and Pharmacy of Craiova, Romania

Y Department of Applied Mechanics, Faculty of Mechanics, University of Craiova, Romania

“PhD Student, Department of Road Vehicles and Transportation, University of Craiova, Romania
SUniversity of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania

7)Department of Manufacturing Engineering, Politehnica University of Bucharest, Romania

&Department of Anatomy and Embryology, University of Medicine and Pharmacy of Craiova, Romania

9 Department of Modern Languages, University of Medicine and Pharmacy of Craiova, Romania
19Research Center for Microscopic Morphology and Immunology, University of Medicine and Pharmacy

of Craiova, Romania

Abstract

Traumatic brain injury (TBI) represents a public healthcare problem and a major economic burden, all over the world. It is estimated that
every year, on the globe, there occur about two million severe TBI and over 42 million mild TBI. The main causes of TBI in civil population
are fallings, followed by car accidents. In the last decades, the accelerated development of car industry and the poor development of traffic
infrastructure in low- and average-income countries led to an increasing number of brain injuries, this becoming a major problem for medical
health systems. According to some studies, approximately 1.35 million people die every year because of car accidents. In the last four decades,
these types of injuries started to be studied in order to understand the lesion mechanisms for developing new safety equipment that may be
installed on vehicles. The device presented by us for causing a TBI in a lab rat (mechanical pendulum) allows the performance of several major
types of TBI, according to the kinetic energy, exposure area, contact surface, etc. The impact energies obtained by the device we presented
may vary on a large scale, from less than 1 J up to 10 J, according to its weight, launching angle and impact head shape, thus being obtained
minor, moderate or severe TBI.

Keywords: traumatic brain injury, mortality, brain contusions, experimental model, pathophysiology, neurologic deficits.

& Introduction

Traumatic brain injury (TBI) represents a public healthcare
problem and a major economic burden at worldwide level.
The exact number of TBISs is not known all over the world,
because some brain injuries considered “minor” do not
require medical care or the healthcare systems in many
countries do not have high standards, they do not record
and do not report properly the number of TBI. However,
some studies state that, every year, worldwidely, over two
million people undergo a severe [1] and over 42 million
people undergo mild TBIs (mTBIs), clinically called
concussion [2, 3]. Only in the US there is estimated that
every year there occur about 1.6-3.8 million mTBIs [4, 5].

There should be emphasized that most persons suffering
from a concussion undergo a full recovery in a few weeks’
time, but a significant number of these patients will
present chronic brain dysfunction and disability, such as:
headaches, dizziness, behavior changes, memory disturbance,
motor deficiency, insomnia, mental disorders, etc. [6, 7].

Most studies show that the basic lesion mechanisms causing
these pathological states remain unclear and require further
research [3, 8].

The costs for the care of TBI patients are tremendous.
Only in the US there is estimated a total cost for TBI
(direct costs of medical treatment and death, as well
as the impact on the production activity) of about 60.43
billion dollars [9].

The main causes for TBI in general population are
fallings, followed by car accidents [10]. Both in developed
countries and in the developing ones, car accidents
represent one of the main causes of severe TBI, especially
in the young, followed by death or survival with disabilities,
more or less severe [1]. In a report, the World Health
Organization (WHO) stated that in 2012 there were recorded
about 1 255 000 deaths caused by car accidents all over
the world. The rate of accidents increased constantly, by
0.3% between 2000 and 2012, despite the efforts made
by most states of the world regarding a higher quality of
the roads and the traffic legislation. Due to these reasons,

This is an open-access article distributed under the terms of a Creative Commons Atribution-NonCommercial-ShareAlike 4.0 International Public
License, which permits unrestricted use, adaptation, distribution and reproduction in any medium, non-commercially, provided the new creations
are licensed under identical terms as the original work and the original work is properly cited.



730

llie Dumitru et al.

WHO considers that car accidents is, and will be, a main
cause of death. Every year, worldwidely, there are injured
about 30—-50 million people, and the expenses related
to car accidents raise up to 1-2% of the gross domestic
product (GDP) [11].

Aim

In order to correlate the intensity of the TBI to the
severity of brain lesions, we created a mechanic device
and experimental model, which reproduces various types

of TBI in the laboratory animal (rats) from the mildest to
the most severe ones.

& Materials and Methods

The paper aims in creating a special device that can
be used for studying TBI on lab rats, based on different
blunt forced traumas created by different hitting impact
energies. These energies are created by different types of
object that are hitting the skull of the laboratory animals
(rats).

The authors designed and made a dedicated device,
with large customization capabilities. Thus, based on the
calculations, a device with a pendulum type was designed,
modeled, and calibrated.

Our device made for TBI production is composed of
two lateral portal structures, necessary for the support of
the pendulum and rigidity of the structure (Figure 1).
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6

Figure 1 — Pendulum-type device for TBI production.
1: Graded angular quadrant for measuring the launching
angle; 2: System for supporting the axis, spindle and
impact head (element), equipped with a rolling lag;
3: Graded angular quadrant for measuring the comeback
angle; 4: Portal supporting structure; 5: Support and
positioning systems for the lab rat; 6: Impact head.
TBI: Traumatic brain injury.

The materials used for the portal-type structure are
general use laminated unalloyed steel, used in metallic
constructions, with the S235JR symbol, with a draining
limit R, = 235 MPa. The impact heads (elements) of the
device were made from carbonated steel of C45 type,
having a draining limit R. = 480 MPa. This type of steel
is used in car manufacture industry, with high resistance
and average tenacity, used for average and strong stressed
pieces, having a good resistance to shocks (resilience
KCU = 60 J/cm?), being an ideal solution from a qualitative

point of view for the impact head. Because this type of
steel is difficult to solder, there was chosen the use of the
spindle and impact head, threaded, preserving the measures
imposed for the device design. As it may be observed in
our images (Figures 2 and 3), the impact head may have
different shapes, sizes, weights, and impact surfaces (round,
oval or pointed) that allow the experimental reproduction
of some various TBIs, including of some penetrating TBIs
(pTBIs).

-
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Figure 2 — Types of heads used in the generation of
the TBI. TBI: Traumatic brain injury.

(

Figure 3 — Pendulum device used for TBI. 1: Pendulum
rod; 2 and 3: Impact base and head. TBI: Traumatic
brain injury.

The device is equipped with two angular quadrants
for measuring the launching angle and the subsequent
lifting angle after the impact, also having an indicator for
determining these angles.

This type of device was thought and designed for
obtaining impact energies that satisfy a large area of energies
necessary to produce TBI specific lesions.

& Results
Design of the TBI device

Kinetic energy calculation

The impact energy between the impact head and the
rat is a kinetic energy, considering the entire assembly as
arigid solid in rotating motion around a fixed axis, where
this axis passes through the center of the bearing.
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Based on the assumption described above for a solid
moving solid, kinetic energy can be written as:

Ec =5 m- v} +m(,&,7) +5 6]/ (1)

In the above expression, m is the mass of the rigid
solid assembly (RSA), vy is the linear speed, w is the
angular velocity and J is the matrix attached to the inertia
tensor of the RSA.

In the particular case of a rigid solid that is rotating
about an axis A, the expression of kinetic energy is
simplified and so it becomes:

1 S 1 1
Ee=tvolllyr @D] =2efpra? =)0 @

Where w is the angular velocity of the RSA and J, is
the moment of inertia of the RSA in relation to the axis
of rotation.

Theoretical calculation of the device — moment of
inertia

The device used for the creation of TBI in lab rats was
created based on the pendulum movement of a weight
with different impact tips, round, arrow or hemisphere
(Figure 2).

The moment of inertia of the RSA relative to the axis
of rotation is determined by considering that the pendulum
consists of three RSAs. For each of these RSAs, the
moment of inertia will be determined with respect to its
own central axis system (passing through the center of its
own weight). Applying Steiner—Huygens relation translates
these moments of inertia to the axis of rotation of the

A A

Figure 4 — (a and b) Weight center points and
positioning in the rigid solid assembly (RSA).

Based on the 3D construction of the pendulum, we
were able to analyze different types of impact heads
structures and weight. At the same time, due to initial
calibration of the pendulum with different types of heads,
we established a range of kinetic energies that the pendulum
can develop in different instances.

Following the different pendulum models evaluation
through the construction and 3D analysis in with finite
element method, the next stage started, that was the
construction of the experimental pendulum model that
can be seen in the Figure 6 (a and b).

The experimental model of the pendulum was used to
cause trauma by hitting the skull of laboratory rats. In
order to be able to evaluate the energies that compose the

pendulum, the moment of final inertia being the sum of
the three moments of inertia.

The first step is to determine the coordinate’s weight
center of the pendulum, by determining weight center of
each RSA that makes up the pendulum. Also, the rod is
screwed in the weight center of the impact base body
(Figure 4, a and b).

The coordinates of the weight center points are:

Vot V.
Tomy=— 22T T3 V3 _ 3508929 mm 3)
Vo+V,

=y01'V1+y023‘V

23
: —400.29871 mm
Yo V,+Vy @

After the above calculation, it can be seen that the
weight center is yc and it is at 400.29871 mm from the
rotation axis. Since the axis of rotation is considered the
axis of Oy, only the moments in relation to this axis are
considered. These moments are translated between own
weight center and the axis of rotation of the whole pendulum,
using the Steiner—Huygens relation, and the moment of
inertia for the whole pendulum is:

J ,=68497963.34066 gm-mm?* %)

Calculation of the device — kinetic energy

Following the impact calculations, we developed a
three-dimensional (3D) model of a pendulum which we
tested and analyzed through multiple software. The 3D
reconstruction of the device can be seen in Figure 5 (a—c).

Figure 5 — (a—c) 3D analysis of the pendulum with different
type of penetrators with Solid WORKS. 3D: Three-dimensional.

frontal impact as well as possible and for each test subject
to be evaluated with the procedure, a process was developed
and can be seen in the diagram below (Figure 7).

The first experiments we conducted with the pendulum
evaluated the state of freedom of the lab rat with regards
to the degree of freedom after the impact. The first impact
of the lab rat was done with the rat without constrain and
so the kinetic energy of the impact was very low (Figure 8,
a—c).

In the next experiments, we introduced an element
for the head positioning, so that the impact should be
perpendicular to the lab rat head and the impact energy
delivered to the skull trough the impact it will be much
higher.
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Starting from the algorithm presented above and based
on the calibration of the experiments explained above,
the following are determined:

= The distance measured (in relation to the reference
plane system) before impact, using the “last frame” method,
d=11.5 mm;

= The impact velocity was calculated v=f'd =2.76 m/s,
having as input data the distance and the recording video
frame rate, /=240 fps;

= Calculation of angular velocity, o = v/v. = 6.89 s\

Based on the above, the kinetic energy can be calculated
at the moment of impact:

2
EC:=%-JA-w2 —1.62816 F9"™_ (6)

5

Introduction of a reference system
(millimetric) on the plane level - XOY at the
experimental system level, with the purpose to
establish the kinematic points specific to the
different positions of the trajectory of the
impact body

Figure 7 — Steps in laboratory experiments.

Implementation/use of sequences of recorded
images of the impact through a video system
with recording performance of 240
frames/second, which allows the study of the
trajectory described by the pendulum

Figure 6 — (a and b) The experimental model of the
pendulum.

Determination, under laboratory conditions of

the pre-impact / anti-collision position (by the

"last frame" method), in order to calculate the
impact speed with fidelity

Figure 8 — Initial calibration of the pendulum: (a) First calibration experiment; (b) Head positioning element; (c) Second
experiment of the rat skull hit.

Experimental calculation
Calculation of the device — impact energy

In order to calculate the real impact energy, i.e., the
energy transferred as a result of the impact in the contact
area of the lab rat’s skull (mouse/lab rat), it is necessary
to determine the lost energy.

The energy lost because of the impact was calculated
in relation to f angle, described by the axis of the active
assembly, in the direction of the movement. This angle
was determined from the filming of the skull hits, using
the “last frame” method.

Considering the deviation of the values of § angle can
calculate between 0° and 90°, the energy lost by impact
obtaining values between 0 J and 1.64 J:

[0

0.02481
0.09848
0.21879
0.38206 | kg-m
0.58334| 2 ™
0.81652
1.07451
1.34947
| 1.63305 |

Epder:"mﬂm'y'yc-{l—cm(ﬁ)):

Based on the lost energy, it was possible to calculate
the impact energy, which the skull absorbs after the blow
(Figure 9):

Em:zmasdm-g'yc'{l_cm(ﬁ)): ®)
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Figure 9 — Impact energy related to lost energy.

Because the equation considers the a and f angles,
the actual calculation was performed by the calculation

Efip=forie0..rows(a)—1
for j € 0..rows(8)—1

Eimpact‘—‘j‘_ 2 “2.g-

if Jo— G< 0

As can be seen, the energy formula was calculated at
each S angle for each a angle, and the graphical results

E

impad,-,]-‘_o

impact

Ia (1 —cos (a o

Another way to calculate the impact energy was to
enter the a and S angles corresponding to the position of
the pendulum before and after the impact in the calculation
of the equation. Thus, the graph was generated both for
the 3D curve of the impact energy and for the energy
distribution according to angles:

A
Eimpa;cti 3 e -2-

1—cos|a.
g'#*mam'Q'yc'(lfms(ﬁj‘o)) (10)

59.87013

B (deg)

algorithms, presented below:

can be seen in the equation below. Calculations are made
for the angular deviation between 0—180°:

0.09008 0.11489 0.18857 0.30887 0.47214 0.67343 0.9066 1.16459 1.43955 1.72313
0.06459 0.0894 0.16307 0.28337 0.44665 0.64793 0.88111 1.1391 1.41406 1.69763
0 0.01369 0.08736 0.20767 0.37094 0.57222 0.8054 1.06339 1.33835 1.62193
0 0 0 0.08405 0.24732 0.4486 0.68178 0.93077 1.21473 1.49831
0 0 0 0 0.07954 0.28083 0.51401 0.77199 1.04695 1.33053
0 0 0 0 0 0.07399 0.30717 0.56516 0.84012 1.12369 S
Ep= |0 0 0 0 0 )} 0.06756 0.32555 0.60051 0.88408 e (12
0 0 0 0 0 0 0 0.06045 0.3354 0.61808 s
0 0 0 0 0 0 0 0 0.05286 0.33644
0 0 0 0 0 0 0 0 0 0.04504
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

Based on the result matrix above, the spatial graph of
the impact energy can be realized (Figure 10, a and b).

At the same time, the energy contour graph was
evaluated according to the o and f angles (Figure 11).

The device model presented is a mechanic pendulum
type, the subject lab rat being in a free state, with the body
not fixed. For evaluating the impact energy there was
calculated the energy before impact, the speed at impact and
the energy after the impact, being performed a theoretical

and experimental calculus. The evaluation of energy after
impact may also be performed by estimating the movement
of the solitary placed lab rat in a moving cart on the device
table, the mechanic and friction characteristics between
the table and the cart. In order to maximize the energy
transferred after the impact between the impact head and
the lab rat, there may be used a fixing tank device with
the pendulum device table.
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Figure 10 — (a and b) The spatial graph based on the a and [} angles.

Figure 11 — The contour graph according to the a and f angles.

Preliminary histological study

The study was approved by the Ethics Committee
of the University of Medicine and Pharmacy of Craiova,
Romania. The study was performed on a small number of
laboratory animals (five rats) to verify the ability of the
device created by us to produce specific TBIs. We used five
adult rats, common Wistar breed, weighing 350-370 g,
which were kept in the Animal Facility of the University of
Medicine and Pharmacy of Craiova, in optimal conditions
of light and humidity, with free access to food and water,
which were monitored both before and after the experiment.
Animals were anesthetized before trauma with Ketamine
(Ketalar®) 85 mg/kg body weight (b.w.) and Xylazine
(Rompun®) 6 mg/kg b.w., and received a single shot of 5 J.

Forty-eight hours after the application of the trauma,

Figure 12 — Area of frontal lobe highlighting strongly
congested blood vessels, perivascular hemorrhages in
the Virchow—Robin spaces, diffuse intraparenchymal
hemorrhages and incipient neuronal apoptosis (HE
staining, x40).

the animals were sacrificed, the brain was completely
harvested, fixed in 10% neutral buffered formalin solution,
and included in paraffin according to the classical histo-
logical technique. At the microtome, sections of 4 pum were
made, which were stained with Hematoxylin—Eosin (HE).

The microscopic examination showed that the largest
lesions of the nervous system tissue from the brain hemi-
spheres were recorded in the frontal lobe, where the
traumatic impact was maximum. Here, there could be
observed the presence of some complex lesions that affected
the neurons (incipient neuronal apoptosis), glial cells
(glial moderate reaction — reactive gliosis), blood vessels
(vascular congestion, perivascular hemorrhages in the
Virchow—Robin spaces, multiple diffuse, intraparenchymal
hemorrhages) (Figures 12 and 13).

Figure 13 — Diffuse intraparenchymal hemorrhage in
the frontal lobe (HE staining, x100).
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In the white substance, there were observed diffuse
demyelinations of the axons, vascular congestion, and
perivascular edema. Similar phenomena, yet of lower
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Figure 14 — Image of vascular congestion associated

with perivascular edema and neuronal apoptosis in the
temporal lobe (HE staining, x100).

& Discussions

TBI represents a pathology that significantly contributes
to the increase of morbidity and mortality worldwidely,
both in adults and in children [12]. In the European Union,
there are recorded over one million hospitalizations due
to TBI[13, 14].

Clinically, TBI is classified according to severity, based
on the Glasgow Coma Scale (GCS), in mild, moderate
or severe TBI, being associated with rates of permanent
disabilities of 10%, 60% and 100%, respectively, and
with global mortality rates of 20-30% [15]. Still, the TBI
prognosis is not always correlated with the GCS. For most
of the patients with mild TBI, the symptoms undergo
remission in a few days or weeks, but there were also
recorded patients in whom some symptoms, such as
cognitive deficits or memory loss, persisted for a few
months [16—19]. Even a mild TBI can also increase the
risk of a person to develop a depression disorder, neuro-
vegetative diseases, post-traumatic epilepsy, etc. [20-22].

There should be observed, also, that there are studies
showing that some children who underwent severe TBI
recovered completely from a mental point of view [12].

All these data show that the factors influencing the
results (positive or negative) after TBI are nor completely
known. All the studies showed that TBI generate a complex
tandem of physiopathological processes that result in
structural lesions of the encephalon or functional deficits
through direct mechanisms (primary lesions caused by the
mechanical agent) or by indirect mechanisms (secondary
lesions). Primary lesions are represented by neuronal and
glial cell lesions, always associated with vascular lesions
(increase of vascular permeability, intraparenchymal
hemorrhages, subdural hematomas) that, in their turn,
lead to the increase of intra cranial pressure, heart attack
and brain edema [23, 24].

The secondary lesions occur after a period lasting from
a few hours to a few days after the primary lesion and
they are the result of a tandem of subsequent, metabolic,
cellular, and molecular events, which lead in the end to

intensity and on less extended areas were also observed
in the temporal or occipital lobes (Figures 14 and 15).

2 oo . 3 ! ...
. 4 3 o
&= P . “ ’ b
- & 3 ’ . A A
L ¥k x el s . f ’
o » 1y .
. g o .
: P d
LY *e 3 )
iy z ¢ A
£ k|
* ) i g s ]
. y -
e [ punt @ -
4 3’. ; . Yo
ol Ty & P
v $ .
¢! A F . 2
K > i@ v
e ° ) iree |
5 ©
A vat -
-
g s . ‘. o e
4 . v Y c'- "7
»’ '. of . : 1 S
; N2 ‘
» o] ’.1' v . Nz b »
¥ S £ 4 o : 4
o B o P . <
o v ’ . P " -
</ 1) r s
oee) ya )1 ! 4
- t . 2/ * » ¥ -

Figure 15 — Image of microhemorrhage in the white
substance of the occipital lobe (HE staining, x100).

the increase of brain cell death, tissular, vascular and
degenerative lesions [25, 26].

A frequent cause of TBI are car accidents. In the last
decades, the accelerated development of car industry and
the poor development of traffic infrastructure in low- and
average-income countries led to an increasing number of
brain injuries, this becoming a major problem for medical
health systems. According to some recent studies [27],
approximately 1.35 million people die every year because
of car accidents. Also, the economic cost of car accidents
is estimated to 1% of the GDP in low-income countries,
1.5% in average-income countries and 2% in high-income
countries [27, 28].

At present, the therapeutic plans, and the prognosis
for the patients with severe or moderate TBI are limited due
to the heterogeneity of lesions and the limited understanding
of these lesions’ physiopathology. In order to understand
the physiopathology and histopathological changes of
the brain in the TBI mainly caused by car accidents, we
elaborated an experimental model that may be applied on
lab rats.

It is well-known the fact that brain injuries resulted
from the collision with a moving vehicle are correlated
with its mechanic force that, in turn, depends on its speed
and mass, but also on the contact surface with the human
or animal body. The most frequent car accidents that
cause TBI are the collision between two moving vehicles,
the collision between a vehicle and an obstacle or between
a vehicle and a pedestrian. In the last four decades, these
types of injuries started to be studied in order to understand
the lesional mechanisms for developing new safety equipment
that may be installed on vehicles. For this, there were
proposed several experimental injury models that may be
applied on the lab rat, causing the physiopathological
mechanism found in TBI in humans.

For obtaining a TBI, there were conceived and used
several types of devices: pneumatic, electromagnetic,
mechanic ones (by free falling, arch, projectile, etc.)
[3, 14].
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Our model, the mechanical pendulum, allows the
performance of an important number of TBI on the lab rat,
varying in kinetic energy, exposure area, contact surface,
etc. The impact energies obtained by the device presented
in this study may vary on a large scale, from less than 1 J
up to over 10 J, according to its weight, launching angle
and impact head shape, thus obtaining minor, moderate
or severe TBI; it may cause focal lesions, even penetrant
injuries, when the impact surface is small, or it may cause
diffuse lesions when the impact surface with the animal
head is large. It is a simple, easy to use system that allows
the calculation of the device kinetic energy at the impact
surface. Also, it may be applied for various types of TBI;
it allows the fixation of the lab rat head or, on the contrary,
it allows the free holding of the rat, including the
introduction of some elastic devices that can buffer the
impact, devices that imitate the “airbags” on the vehicles.

The presented device is a versatile one, which, besides
the TBI production, may be used for the performance of
bone fractures in lab rats, on different segments of the
skeleton. For this type of experiments, the device is
equipped with adjustable rigid tanks, therefore there may
be adjusted both the tank height and the width between
the two tank openings, for experiments including various
types of bones.

Our model allows the control of the impact kinetic
energy on the lab rat, it allows the performance of
measurable lesions, identical with the ones present in
humans with TBI, it allows the calculation of the impact
energy and the anticipation of the brain injury severity,
being also reproducible.

The preliminary histopathological study performed
showed that the lesions made with the device presented
by us in the encephalon are superior or, at least, identical
with the lesions performed by other models, proposed by
other authors [19, 24, 29-34].

= Conclusions

The device designed by us and used for TBI is a
module device that may also be used for other types of
experiments related to collisions (injuries/fractures). The
solutions of the demountable assemblance penetrating
head-spindle-support system may lead to a high versability
of the device, thus allowing the performance of various
experiments according to the geometrical shape of the
penetrating head, its mass, types of used tanks, their capacity
of controlled movement or fixation, duration, variation
speed and the amplitude of kinematic sizes. Also, according
to the position of the lab rat, there may be performed direct
frontal, lateral, superior, etc., TBIs. The impact energy
may vary from subdivisions of 1 J up to 10 J, according
to the impact head surface and its launching angle, the
device being able to produce a multitude of TBI types,
from mild forms to severe TBI or even pTBIs. As the
complexity of the performed experiments increases, the
device may be modified for a constructive-functional
optimization, a future approach of collisions requiring its
adjustment to the freedom degrees of subjects, as well as
their kinematic and dynamic evolution after collision.
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