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ABSTRACT

Aim of the study The aim of this study was to validate the use of a self-curing acrylic resin for the completion
of a mandibular model for in vitro studies. Material and methods 25 test specimens were made of acrylic resin
(Duracryl Plus, Spofa Dental). The samples were divided in 5 groups, based on monomer to polymer ratio. The
determination of the elasticity modulus and of the Poisson’s ratio for the studied samples was performed using
the electrical resistive tensometry method. The samples were submitted to traction testing on a universal testing
machine. Results The elastic characteristics of the material varied significantly depending on the components
proportion. The evaluated ratio is 3 parts of powder to 1.5 parts of liquid. This combination presented elastic
characteristics similar to those of the spongy bone from the anterior region of the mandible, as well as an
average viscosity that contributes to pouring in complex forms, to a proper work time and to a low curing
contraction. Conclusions Based on the obtained results, we can consider the use of self-curing acrylic resin, in
a ratio of 3:1.5, as being justified for creating a mandibular model to be used in biomechanical tests.
Keywords: acrylic resin, strain gauges, mandibular model, modulus of elasticity, Poisson’s ratio

INTRODUCTION supporting bone [1, 2].

The splinting of teeth with periodontal There is very little information in the
condition represents a therapeutic mean to literature regarding the impact of bone
achieve functional balance in the complex resorption and periodontal splinting on the
treatment of periodontal disease. An biomechanical response. Because of this, the
important aspect in choosing the type of use of splinting and the selection of its type
splinting is the mechanical interaction remain a difficult decision for practitioners.
between the employed materials and the In order to quantify these aspects, one can
dentoperiodontal ~ substrate  with  the use several methods, each with limitations,
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advantages and disadvantages:
photoelasticity, finite element analysis and
resistive electric tensometry [3-5]. When
aiming at creating a mandibular model to
simulate different hypotheses and clinical
scenarios, a decisive aspect is the selection of
the right material able to reproduce the bone
substrate. This material must provide
mechanical and elastic properties similar to
the mandibular bone, as well as a viscosity
and a working time appropriate to the
model’s complexity intended to be achieved.
Katz et al. mention that the bone is not a
homogeneous material and its properties will
vary according to the age, sex, the type of
bone and location [6]. O’Mahony et al.
noticed differences between the modules of
elasticity in different regions of the mandible
[7]. The in vitro studies require the use of an
isotropic material with elastic properties
similar to the mandibular bone from the
region of interest. In this respect, regardless
of the chosen method, it is necessary to
determine the elastic constants for the
employed material, in advance, in order to
create the mandibular model.

The literature reports different materials
that were studied, aimed at the evaluation of
tensions at the level of bone in various
situations:  acrylic resin, epoxy resin,
polystyrene resin, polyurethane resin [4, 8-
10]. The modulus of elasticity is an important
elastic characteristic, its values indicating the
material rigidity.

The aim of this study was to validate the
use of a self-curing acrylic resin for the
completion of a mandibular model in the in
vitro studies. To that purpose, the objectives
were to determine the elastic constants of the
acrylic resin, by studying different situations
with  varying proportions between the
components. The two characteristics, the
modulus of elasticity E and Poisson’s ratio [J
were determined by means of traction testing.
The determination of the two characteristics
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was performed wusing resistive electric
tensometry. This method enables the high
precision measurement ~ of  specific

longitudinal and transverse strain.

This material will be used to create a
mandible replica which will be studied
regarding the deformation and tensions by
means of resistive electrical tensometry that
occurs in the bone mass, in various clinical
situations.

MATERIAL AND METHODS
Obtaining the test specimens

25 test specimens were manufactured from
acrylic resin (Duracryl Plus, Spofa Dental,
Czech Republic, No. lot: 2373741) by
pouring in a silicone mould (Fig. 1).

Figure 1. Test specimens from acrylic resin
corresponding to the five groups

The samples were divided into 5 groups,

corresponding to  different  proportions
between the powder and the liquid
components and to the polymerization

technique (self-curing and heat curing - 50°C,
15 minutes, 2.5 bars) (Table 1).

Table 1. Test specimens classified into 5

groups
Volumetric ratio Polymerization
Group  powder : liquid technique

A 3:0.5 Self-curing
B 31 Self-curing
Cc 31 Heat-curing
D 3:15 Self-curing
E 3:2 Self-curing
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After manufacturing, the samples were
visually inspected in order to detect the
presence of potential material defects, as well
as the inclusions of air. The final samples
were processed to obtain the required
dimensions of the recommended testing
samples as specified by the STAS SR EN ISO
527-1: 2012 standard, describing the traction
test [11]. This way, flat testing specimens of
rectangular section were obtained. The
sample dimensions are: length L = 150 mm,
width | = 20 mm and thickness = 3 mm. Each
testing specimen presented a calibrated
central area with the length Lo=60mm, width
10=10 mm and increased section end. The two
ends were armed with metallic plates that
offer the required resistance to the grip area in
the stand of the trial machine.

Applying the strain gauges

In order to determine the specific
deformations, two strain gauges were applied
on the testing specimens. The tensometric
sensors were selected on the dimensional
criteria in order to allow the positioning on
longitudinal and on transversal direction.

There employed strain gauges had the
following dimensions and resistive properties:
6 mm length, 2 mm width and an electric
resistance of 120+0.03 Q at 24°C (EA-06-
240LZ-120/E, Micro-Measurements Group,
Vishay, Nr. lot: R-A59AF524).

For the installation of strain gauges, the
following steps were taken:

1. the surface was properly prepared: the
degreasing was done with isopropyl alcohol,
the abrasion with a paper of granulation 220,
the removal of the remaining dust after
abrasion and again degreasing;

2. the landmarks for
orientation were drawn;

3. the tensometric sensors were fixed
with the cyanoacrylate adhesive Z 70, one on
the longitudinal direction, and the second one
on the transversal direction (Fig. 2);

the gauge
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Figure 2. The test specimens, with
metallic plates and strain gauges

4. the tinning of the conductors was
performed using a thermostat soldering bit
with a proper gluing alloy;

5. the \verification of gauges was
performed before the measurements were
initiated [12].

The measurement of specific
deformations, provided by the strain gauges
was performed using the Wheatstone - Vishay
P3 bridge type (Fig. 3).

Figure 3. The Wheatstone bridge — model P3,
Vishay [13]

Mechanical testing

The traction testing was performed on a
WDW-5CE computer assisted machine,
which can be found at the Laboratory of
Mechanical Testing at the Department of
Mechanical Engineering, Mechatronics and
Robotics of the Technical University “Gh.
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Asachi” in Iasi (Fig. 4).

Figure 4. The testing machine type WDW-
5CE and the Wheatstone tensometry bridge

The test specimens were fixed between the
wedge grips of the machine (Fig. 5). The
traction testing of the test specimens was then
performed on the machine, with a load speed
of 0.5 mm/min, till failure. The static tests
were
(23°C).

The indication of specific deformations
given by the strain gauges was done on the
Vishay P3 bridge. Signals from the gauges
glued to the specimens were obtained and the
values of specific deformation in the area and
on the direction of the gauge were
determined.

performed at room’s temperature

Figure 5. The positioning of the test
specimen between the machine’s wedge grips
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Calculating the modulus of elasticity and
the Poisson’s ratio

The data thus obtained was processed in
order to determine the values of the elastic
constants of the material. Based on this data,
we determined the constants of elasticity as
slopes of the curve approximation lines.
Consequently:

1. The longitudinal modulus of elasticity—
E (Young modulus) is determined as the line
of approximation of the graphic represented
in the coordinates of normal tension (c)/
specific longitudinal deformation (eL), by
means of the points determined based on the
signals output by the longitudinal strain gauge

(Fig. 6).

The specific curve, cvasiliniar area, specimen D
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Figure 6. The variation of normal stress
depending on the longitudinal specific
deformation

The normal stress was calculated with the
relation:
o =F/SO 1)
where:
o - normal stress;
F- force of traction;
SO - area of the tested specimens transversal
section [14].

2. The coefficient of transversal
contraction — v (Poisson’s rati0) is
determined based on the drawn curve in the
coordinates of the transversal specific
deformation (€T) / longitudinal specific
deformation (¢L), using the signals obtained
both from the longitudinal gauge, as well as
from the transversal one (Fig. 7).
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The specific transversaldeformation, specimen D

-1000

-2000

&r[pe]

-3000

—D
———- Linear (D)

-4000

-5000

-6000

0 5000 10000 15000 20000

€L [pe] y=-0.352x - 87.66

Figure 7. The variation of transversal
specific deformation depending on the
longitudinal specific deformation

RESULTS AND DISCUSSIONS

This study, started with the assumption
that the variation of the two components in
the manufacture of the acrylic resin would
determine different values of elastic
constants, different viscosities and different
setting times. The initial step considered the
proportion indicated by the manufacturer
(3:1) with a self-curing technique and next
four more mixing variants were evaluated.
Another direction focused on the self-curing
and on the heat-curing. Table 2 presents
comparatively the values of the elasticity
modulus and of the Poisson’s ratio for the 5
groups.

Table 2. Elastic characteristics of the
acrylic specimens (p<0.05)

Elastic modulus Poisson’s ratio

Group E (MPa) v
Mean SD Mean SD
A 2461 53.18 0.336 0.06
B 3060 77.06 0.342 0.09
C 3965 157.08  0.349 0.06
D 2739 111.83  0.352 0.05
E 2477 96.80 0.359 0.05

The elasticity modulus represents an
essential characteristic for the validation of an
experimental model. This characteristic
differs both between the cortical bone and the

78

spongy bone, as well as among different areas
of the mandible.

An important area of interest in the study
was the anterior region of the mandible, for
which different values of the elasticity
modulus and of the Poisson’s ratio of the
spongy bone are reported in literature: 1.37
GPa/0.29- 2.5 GPa/0.3 [15].

Considering the literature reported elastic
parameters of mandibular anterior spongy
bone, the results of this study revealed that
the specimens of A, D, E groups might be
considered as reliable bone substitute in
experimental studies.

Taking the aspects relating to preparation,
manipulation and setting time of the material
into account, we can make the following
considerations:

- in group A, the mixing of the two
components was done with difficulty, because
of the increased mixture viscosity. This did
not allow the pouring of the material into the
conformer, but its placement by means of
jagging.

- in group D, the mixture of the two
components determined a homogenous
mixture, having a medium viscosity. This
allowed the pouring into the conformer, with
an average setting time.

- in group E, by mixing the two
components, a homogenous mixture was also
obtained, having a low viscosity, which
allowed an easy pouring into the conformer,
with an increased setting time, but with the
disadvantage of an increased contraction.

Thus, the use of acrylic resin ratio from
group D in further experimental studies
regarding mandibular model biomechanics
was considered adequate.

CONCLUSIONS

1. The elastic characteristics of the material
varied significantly in relation to the
proportion of the components.

2. The volumetric ratio 3 parts powder: 1.5
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parts of liquid, presented elastic the manufacturing of a mandibular model.
characteristics similar to those of the This conclusion was reached through
spongy bone from the anterior region of biomechanical tests, by means of different
the mandible, as well as an average methods of work: resistive electric
viscosity. This allows the pouring into tensometry, photoelasticity.

complex forms, a proper work time and a 4. The values obtained for the elastic
low contraction. constants will be used in future studies to

3. Taking the obtained results into calculate the tensions that appear in the
consideration, the use of this self-curing mandible model and to perform an
acrylic resin (3:1.5) can be justified for analysis using the finite element method.

REFERENCES

1 Sewon LA, Ampula L, Vallittu PK. Rehabilitation of a periodontal patient with rapidly progressing
marginal alveolar bone loss: 1-year follow-up. J Clin Periodontol 2000;27(8):615-619.

2 Vallittu PK. Flexural properties of acrylic resin polymers reinforced with unidirectional and woven
glass fibers. J Prosthet Dent 1999;81(3):318-326.

3 Cengiz SB, Atac AS, Cehreli ZC, Biomechanical effects of splint types on traumatized tooth: a
photoelastic stress analysis. Dental Traumatology 2006;22:133-138.

4 Soares PB, Fernandes Neto AJ, Magalhdes D, Versluis A, Soares CJ, Effect of bone loss simulation
and periodontal splinting on bone strain. Periodontal splints and bone strain. Arch Oral Biol
2011;56:1373-1381.

5 Geramy A, Moslemi N, Retrouvey JM, Shariati M, Salehi H. Splinting Anterior Teeth With
Periodontal Bone Loss: 3D Analysis Using Finite Element Method. International Journal of Clinical
Dentistry 2013;6(2):137-148

6 Katz JL. Mechanics of hard tissue. In: Brozino JD, ed. The biomedical engineering handbook. Boca
Raton: CRC Press; 1995:273-289.

7 O’Mahony AM, Williams JL, Katz JO, Spencer P. Anisotropic elastic properties of cancellous bone
from a human edentulous mandible. Clin Oral Implants Res 2000;11:415-421

8 Hekimoglu C, Anil N, Cehreli MC. Analysis of strain around endosseous dental implants opposing
natural teeth or implants. J Prosthet Dent 2004;92(5):441-446.

9 Karl M, Rosch S, Graef F, Taylor TD, Heckmann SM. Static implant loading caused by as-cast metal

and ceramic-veneered superstructures. J Prosthet Dent 2005;93(4):324-330.

10 Miyashiro M, Suedam V, Moretti Neto RT, Ferreira PM, Rubo JH. Validation of an experimental

polyurethane model for biomechanical studies on implant supported prosthesis-tension tests. J Appl
Oral Sci 2011;19(3):244-248.

11 1SO 527-1:2012. Plastics - Determination of tensile properties - Part 1: General principles
12 Perry CC. Strain gauge measurements on plastics and composites. Strain 1987;23(4):155-156
13 Model P3 Strain Indicator And Recorder. Instruction Manual, Vishay Micro-Measurements, USA,

2005:1

14 Mocanu F. Elemente de teorie si aplicatii in Rezistenta materialelor. lasi, Ed. Tehnopress, 2013:87
15 Van Staden RC, Guan H, Loo YC. Application of the finite element method in dental implant

research. Comput Methods Biomech Biomed Engin 2006;9(4):257-270.

79



