
MATERIALE PLASTICE ♦ 52♦ No. 2 ♦ 2015 http://www.revmaterialeplastice.ro 221

Plastic Materials Used in Experimental Investigations
Regarding Dental Implants Biomechanics
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In order to assess in vitro biomechanical behaviour of dental implants, numerous experimental methods can
be used. In our experiment, we use dental implants inserted into the artificial jaws, made of ABS plastic
material and Araldite D, and we chose the VIC method (Video Image Correlation), spatial version (3D), to
monitor the deformation field of area surrounding implant. For both experiment types, with ABS mandible or
Araldite D sheet, the results were similar and controllable. Authors are confident with this technique and
hope that experimental methods will serve as a database for research in this area.
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Endo-osseous dental implants are artificial roots that
are designed to replace extracted teeth. The most
commonly used in dental practice are screw implants
made of titanium alloy (Ti-6Al-4V) [1]. They are placed in
the remaining alveolar bone, making closely contact with
the surface of the bone. Under favorable conditions, the
dental implant being protected from masticatory forces,
the alveolar bone rises above the surface of it, entering into
intimate and rigid contact with the implant material. This
process is called osseointegration and the result is rigid
fixation of the dental implant in alveolar bone. Today, it is
the only method accepted and viable for long-term success
of implantation. But it has one major shortcoming,
compared with physiological dentition, represented by lack
of ligament system, layer acting as damping forces of
mastication.

During the loading of the implant, transmission of
masticatory forces to the alveolar bone is made differently
than natural teeth, resulting in a particularly mechanical
behaviour. Long term success and fulfillment of masticatory
function is directly determined by fixing substrate
conditions (alveolar bone, in our case). [2-10].

Numerous clinical and technical aspects influence the
amount of alveolar bone in the vicinity of the dental implant.
In unfortunate cases they have a negative effect on the
attachment substrate and induce withdrawal-resorption
and lead to loss of dental implant [11-15].

Fortunately most of these factors can be detected and
eliminated in time, except the biomechanics ones.
Currently, most investigations and experiments are targeting
appearance and biomechanical behavior of dental implants
and we also note its importance [16].

Experimental part
In order to assess in vitro biomechanical behaviour of

dental implants, numerous experimental methods can be
used. We chose the VIC method (Video Image Correlation),
spatial version (3D), to monitor the deformation field of
area surrounding implant. In this case we used system
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manufactured by ISI-Sys GmbH, Kassel, Germany, with a
software from Correlated Solutions, USA [17-20]. The
system has many advantages. Being an optical method, it
does not interfere with the privacy of the analyzed
phenomena, allows examination of specimen deformation
in space, with high accuracy. Associated software
eliminates corporeal movements of the specimen, and thus
does not require any special equipment or anti-vibration
laboratory. Analyses can be performed on a variety of
materials (isotropic, anisotropic, homogeneous, and
heterogeneous) [21-23].

Main parts of the VIC-3D system (with the setup that
allows monitoring of displacement and deformation field
in three-dimensional space) are: two high-resolution
cameras mounted on a rigid tripod, via an aluminum beam
also very rigid.

Both cameras will be placed on beam so that the object
can be analyzed under the same angles as possible
(obviously symmetrically arranged). In principle, the
method is based on the use of images recorded
simultaneously by two cameras, which like the human
eye, will provide a spatial image of the object being
analyzed.

Originally, the analyzed object will be painted (sprayed)
to obtain patches with size, shape and random distribution
that, on the original background colour of the body, will
provide a good contrast and easy identification in the future.
The scope is therefore to obtain a pixelated image captured
by the cameras. The software identifies some
characteristic pixels on the captured image and places
them in the real space. Their changes in relative spatial
position during mechanical deformation of the examined
object is monitored and measured. [24, 25]

The chosen substrate attachment (analyzing subject)
was made of ABS plastic material (acrylonitrile butadiene
styrene), i.e. Araldite D.

ABS results from the copolymerization of the three
monomers: acrylonitrile, butadiene, and styrene. Changes
in the proportions of each monomer leads to some types
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of ABS with different properties. Some advantageous
features of this material are: high stiffness, good impact
resistance (even at low temperatures), easy processing,
good resistance to abrasion and staining (good colour
stability), high dimensional stability (low water
absorption), chemical coating and good rolling
comportment. Chemical properties of ABS are: stable in
bases and weak acids, petrol, oil, glycerin, detergents,
concentrated ammonia, gasoline; unstable in
concentrated acids, esters, ketones, ethers, chloroform.
Due to good resistance to solvents and inks, ABS could be
painted.

It is used among other things in the automotive industry
due to high mechanical strength, but also for 3D printing.
From this material has been made a series of mandibles
identical to human ones, with high homogeneity by rapid
prototyping method. Considering the high mechanical
strength of this material, the specimen may be subject to
forces of about 600 N, without irreversible damage or
deformation, allowing for repeated measurements. High
dimensional stability and parts (points) identification
ensures repeatability of the experiment. Opaque-white
colour and the possibility of surface painting with black ink
provides a good contrast, and a good image for
measurements with VIC system [26].

Araldite D is an epoxy resin commonly used for
photoelasticity measurements. Its high modulus of
elasticity (2600 MPa) and high tensile strength prevents
deformation or fracture of the model during the mechanical
loading. Parts are easy to cast and residual stresses after
casting, which may influence the homogeneity of the
material, can be emphasized with polarized light. The
material is homogeneous and isotropic. So, the
measurement results can be compared and verified with
finite element method ones, where substrate attachment
is considered to be homogeneous and isotropic.[27]. The
used sheets, initially white-opaque, were painted with
black ink spray, like the first model.

In the models thus prepared, were placed dental
implants. Thereafter, the implants were subject to the
compressive forces of different sizes and incident angles.
For correct holding of the models was created an original
testing stand, equipped with transducers for force

measuring. Fixing substrate deformation was monitored
during loading. Relative movements of key points on the
surface of the analyzed specimen were measured and
exported to Excel® spreadsheet [25].

Results and disscusions
Case I. The implant was inserted into the artificial jaw,

made of ABS plastic material. Analysis of deformation of
the supporting substrate and measurements of relative
displacement of the key points on the substrate support
surface, in the situation of a dental implant inserted at a
lower molar, and loaded with axial compressive forces in
the range 0…865 N.

The visual aspect of deformation field in the vertical
direction, depending on applied forces amplitude on the
dental implant is presented in figures 4 and 5. The values
of relative movement variation for points 2 (blue), 5 (green),
8 (red) depending on applied force on the dental implant
are presented in figure 6.

In table 1 is presented the analysis of obtained data after
60 repeated measurements.

Case II. Dental implants inserted in Araldite D sheet
The visual aspect of deformation field in the vertical

direction, depending on applied forces amplitude on the
dental implant is presented in figures 8 and 9. The values
of relative movement variation for points 4 (blue), 11
(green), 18 (red) depending on applied force on the dental

Fig.1. Measurement
ensemble. Loading stand
with VIC system (digital

cameras placed on a rigid
tripod), and monitoring and

processing data system

Fig. 2. Loading system. 1-
Transducer system for

applied forces
measurements; 2- dental
implant; 3- jaw from ABS

plastic material, with
painted investigated

surface, 4- loading stand,
5- spheroidal joint for

loading angle adjustment.

Fig. 3. Key points considered:
P2 - in the implant neck area, P5
– at about 1/3 of the implant, P8
- in apical area of the implant

Fig. 4 Fig.5

Fig. 6
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Table 2
ANALYSIS OF THE OBTAINED DATA

Fig. 7. Key points considered: P2 -
in the implant neck area, P5 – at
about 1/3 of the implant, P8 - in

apical area of the implant

Fig. 8 Fig. 9

Fig. 10

Table 1
ANALYSIS OF THE OBTAINED

DATA

implant are presented in figure  10.
In table 2 is presented the analysis of obtained data after

58 repeated measurements.
The presented experimental technique allow us to

perform the necessary measurements to investigate the
biomechanical behavior of the dental implant. The areas
where are the most important micro-displacements are
present represents high-risk areas of stress appearance
with peak values. Physiological, in vivo, such stresses can
induce micro-cracks and osseous resorption at implant-
bone interface, and eventually can lead to loss of the
implant. In our experiments, most of the micro-
displacements were observed in the longitudinal axe of
the implant, and the neck of the dental implant, dropping
to the top and to the side. The same pattern of distribution
of micro-displacements was observed when the dental
implant has not been fully covered by the mounting
substrate. This micro-displacements model was partially

confirmed by other studies by finite element modeling [28,
30], but also by Digital Image Correlation method [30]. For
studies based on the Finite Element Method, the substrate
attachment is considered to be homogeneous and isotropic
one, establishing contact on all dental implant surface. In
reality, after a perfect osseointegration, no more than 30%
of the dental implant comes in close contact with the
surrounding bone. For these reasons we believe it is
necessary to perform preliminary experimental
measurements, to compare them with the results obtained
by the finite element method. The results from
experimental methods should be a database as input for
further FEM investigations, as part of a series of experiments
in order to understand this phenomenon [31]. The substrate
attachment material has a decisive role in these
experiments.

Conclusions
For both experiment types, with ABS mandible or Araldite
D sheet, the results were similar and controllable. Plastic
ABS material can be processed with rapid prototyping
system, and offers the possibility of experimental analyses
on personalized cases, based on the X-ray CT basis. Authors
are confident with this technique and hope that
experimental methods will serve as a database for
research in this area.
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