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ABSTRACT 

The knowledge of the elastic characteristic of the constituting materials of the dentures is 
necessary in the calculation of strength, strains and stability, in the experimental stress analysis 
and in the finite element method usage. Purpose the study establishes the material constants: the 
coefficients of elasticity and Poisson coefficients. Materials: we used 4 specimens from specific 
biomaterials of removable denture. Materials and method The four specimens were tested to 
determine the tensile strength using the Instron testing machine. Results The material constants 
determination is necessary in biomechanical behaviour of removable dentures analyses. 
Conclusion The models can be considered linear elastic bodies. 

 
 

INTRODUCTION 
The connection between the removable 

partial denture design and the features of the 
prosthetic field is a key element in achieving 
of an individualized prosthesis [1, 2]. The 
failure of this link lead over time to excessive 
effort demands for the prosthetic field 
components, but also will create stresses and 

to its instability. 
Aim 
The study aims to analyse the mechanical 

behaviour of biomaterials used in removable 
partial dentures construction by establishing 
of the material constants: the coefficients of 
elasticity and Poisson coefficients. The 
biomaterials were studied by tensile tests 
(until the breakage), and hardness testing.  

 
MATERIALS AND METHOD 

Were made a number of 4 specimens, in 
the form of slim and rectangular plaques, with 
the longitudinal dimension of 10 cm, width of 
about 2 cm, with a thickness ranged from 0.5 

to 2.5mm (Fig. 1). The specimens were 
prepared in the dental laboratory according to 
the manufacturer indications, using 
biomaterials from Bredent Company 
Germany. The mechanical tests were 
performed on a machine type WDW50 

 
The elastic constants determination 
In calculation of strength, strain and 

stability, in experimental stress analysis and 
in finite element method using, the 
knowledge of the elastic characteristics of the 
materials constituting the dentures is 
necessary [3, 4]. In the current work will be 
experimentally determined, based on the 
tensile test, the conventional linear module 
E and  .  

The conventional linear elasticity module 
is defined as the ratio of the stress and the 
specific lengthening for the metals having a 
linear portion of the tensile characteristic 
curve (relation 1).  

The characteristic curve from the tensile 
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contraction coefficient is the ratio of the 
transversal specific elongation and the 
longitudinal specific elongation (relation 2). 
Both elastic constants are determined on 
specimens made in the laboratory, tested to 
the static traction.  
 

 
Fig. 1. The specimens 

The determination of the elasticity module 

based on the electrical resistive stress-
measurement, having the possibility of 
measuring the longitudinal and transversal 
specific strains, with a high precision. To 
determine the specific strains on a flat shape 
traction specimen, with cross-sectional area 
equal with S0, two-way electro-stress gauge 
transducers are mounted. The electro-strain 
gauge transducers are introduced in 
measurement circuits type Wheatstone bridge 
in half-bridge configuration, having the strain 
marks on the both sides of the specimen. The 
output signals from the Wheatstone bridges 
are processed by a data acquisition system. 
The data processing is performed to obtain 
the elastic constants values of the material in 
both directions: a) longitudinal elasticity 
module E ( Young module) is determined as 
the slope of the approximation line of the 
graph represented in coordinates: normal 

through the points determined from the 
signals resulting from the longitudinal 
transducers; b) transversal contraction 
coefficient  ( ) which 
was determined from the curve mapped in 
coordinates: transversal specific strain 

, 
using the signals obtained from both 

longitudinal and transverse transducers. The 
elasticity module is a main elasticity constant 
of the material. As shown in equation (1), 
between two identical specimens as 
dimensions but from different materials, 
loaded with equal strains, the specimen with 
the material elasticity module lower will be 
most deformed: the material with E module 
value highe  

L

E  (1) [6] 

Where the ratio = l/lo is called the 
specific elongation and the ratio = Fe/S0 is 
known as the normal stretching strain or 

 

L

T
, (2) [6] 

Means: the ratio of the transverse specific 
elongation and the longitudinal specific 
elongation. These constants were determined 
by tensile testing of specimens made, 
equipped with electro-strain gauge 
transducers (TER) (Fig. 2), longitudinal 
oriented (tensile force direction) and 
transversal oriented. The clamping ends of 
plastic specimens were reinforced with metal 
plates to provide a large enough resistance of 
the area caught in the test machine jaws. 

The tests were made assisted by the 
computer on the WDW50 machine (Fig.4), 
from Material Strength Department testing 
laboratory, from Mechanical Faculty of 
University of Science "Gh. Asachi" from Iasi. 
The forces-time data recording was done on 
the computer of the machine WDW50 and the 
strains supplied by the TER record (relative 
to time) was done on the Vishay bridge P3 
(Fig. 3). The data processing was done in 
Excel, aiming to put in correspondence the 
recorded, at the same moment, data. The 
Vishay bridge made records every one second 
and WDW-50 machine software made 17 
records per second. 
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Fig. 2. TER type rosettes EA-06-
125TM-120, manufactured by Vishay, 
used to determine the elastic constants 

Fig. 3. The Wheatstone 
bridge, P3 model, 

manufactured by Vishay 

Fig. 4.The universal tensile 
tests machine WDW-50 

The high precision and the accuracy of the 
recording devices allowed for a small number 
of experiments. With these data were 
determined the elastic constants as the slopes 
of the approximation lines of the curves 
constructed using Excel. The universal tensile 
machine WDW-50 is designed to do the 
mechanical tests of the materials in 
compliance with the standards: SR EN 
10002-4, ASTM E4, ASTM E9, ASTM 
A720, ISO 75000-1, ISO 6892. The machine 
is controlled by the PC by closed loop for any 
experimental data: th

deformation. 
The determination of the studied 

 
The four specimens were tested to 

determine the tensile strength using the 
Instron testing machine, which has the 
capacity to be loaded up to 100kN. Steps 
leading to determine the tensile strength of 
the studied materials were as follows:  
- Preparation of the P3 Vishay bridge; 
- The mounting of specimens in the 

 system (Fig. 5, Fig. 
VI. 6) 

- Results reading. 
 

RESULTS AND DISCUSSION 
1. The determination of the elasticity 

coefficients of the biomaterials used for 
partial removable dentures making  

The clamping ends of the 4 studied 
specimens were reinforced with metal plates 
to provide enough resistance to the portions 
from the test machine jaws. On their surfaces 
were attached rosettes of the electro-stress 
transducers (TER) longitudinal oriented (as 
per tensile force direction) and also 
transversal oriented (Fig. 7, Fig. 8).  

 
Using these specimens on the device 

WDW-50 we obtained the following results:  
a. The coefficient of elasticity 

determination for the acrylic specimen  
From the test made on the acrylic 

specimen has been resulted a characteristic 
curve  with a linearly appearance, almost 
confused with the approximation line. The 
loading level was low, to avoid the breakage. 
The slope of this line defines the longitudinal 
module of the acrylic material: (Fig. 9) 
E=3357,3 MPa=3,3573GPa.  

 
The transversal contraction coefficient of 

acrylate, =0.4038, resulting from the curve 
T- L in the figure below (Fig. 10). 

b. The elasticity coefficient 
determination for the Cr-Co alloy 
specimen  

The Cr-Co alloy specimen is very hard. 
The characteristic curve  has a quasi-
linear aspect and the line of approximation 
drawn by Excel, shown us an equivalent slope 
with the longitudinal elasticity module: 
E=136892MPa=136.892GPa (Fig. 11). 
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Fig. 5. Cr-Co alloy specimen with holes 

mounted in the Instron Machine  
Fig. 6. The compact plate specimen 

mounted in the Instron machine 

 

 

 
Fig. 7. The specimens instrumented with 

rosettes TER 125TM  
Fig. 8. Samples preparation for material 

constants determination 

The feature T- L allowed us to calculate a 
very low transversal contraction coefficient: 

=0.171 (Fig.12). 
c. The elasticity coefficient determination 

for the specimen of acrylic and metal 
From the characteristic curve  built for 

the composite material obtained from acrylate 
reinforced with metal, the specimen loaded at 
a level of stress under 9MPa, we can observe 
a relatively linear dependence. We obtained 
accordingly an elasticity module E = 
45039MPa = 45.039GPa (Fig. 13).  

From the next figure we can see that the 
relationship T- L (the specific transversal 
elongation versus the longitudinal specific 

elongation) is quasi-linear and from the 
approximation line results a transversal 
contraction coefficient (Poisson): =0.2545 
(Fig. 14). It is noted that the both specific 
extensional strains are expressed in  - 
expression established in the specific strains 
measurements (equivalent to m/m). 

 
2. Determination of tensile strength for 

the studied biomaterials 
The determination of the tensile strength 

of specimens with transducers mounted on 

the Instron testing machine, which has the 
loading capacity up to 100kN (Fig. 15). 

 

 

 

 

Fig. 9. The longitudinal module of elasticity 
of the acrylic material   

Fig. 10. The transversal contraction 
coefficient determination of the acrylic 

material 
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Fig. 11. The longitudinal elasticity module 
determination for the Cr-Co alloy specimen  

Fig. 12. The transversal contraction 
coefficient determination for Cr-Co alloy 

specimen  

 

 

 
Fig. 13. The longitudinal elasticity module 
determination for the specimen of acrylate 

and metal 
 

Fig. 14. The specific transversal elongation  
versus the longitudinal specific elongation 

a  The tensile strength determination of 
the metal Cr-Co alloy specimen  

The force-elongation curve of the compact 
metallic specimen drawn by Instron machine 
software is represented below (Fig. 16). 

On this specimen was glued the TER 

up to breaking. A linear behaviour was 
observed, with E=149,99GPa, up to a level of 
loading of about 350MPa (versus the value of 
E=136.892GPa, determined on the WDW-50 
machine for a loading level under 35MPa) 
(Fig. 17). We can see the breaking strength 
resulting from the measurement by TER: 
Rm=640MPa (roughly) (Fig. 18). 

From the transversal contraction 
characteristic to near breakdown is found that 
the Poisson coefficient =0.1443 is stored on 

almost entire field.  
b  The tensile strength determination of 

a metal specimen presenting retentions for 
the acrylic component  

This specimen provided a force-elongation 
curve presenting two distinct areas: the initial 
area, quasi-linear (the elastic region) up to 
9kN and the harden area (elasto-plastic) after 
11kN up to breaking (Fig. 19). 

The coefficients of elasticity and Poisson 
coefficients for the biomaterials are 
represented in Tabel 1. 

The data processing was done in Excel, 
aiming to put in correspondence the recorded 
data in the same moment, the Vishay bridge 
making the records every one second and 
WDW-50 machine software making 17 
records per second. (Tabel. 2) 

 

 

 

 
Fig. 15. Metal specimens broken 
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Fig. 16. The force-elongation graph for the 

compact metallic specimen  
Fig. 17. The characteristic graph drawn 
based on tests made by Instron machine  

 

 

 
Fig. 18. Transverse contraction 

characteristic for an area close to breaking   
Fig. 19. The test graph of the specimen with 

holes  

Nr. 
Crt. Material E(GPa)  

Maximum 
max (MPa) 

1. Acrylate 3.3573 0.4038 2 
2. Cr-Co alloy 136.892 0.171 30 
3.  Acrylate with metallic structure  45.039 0.2545 9 
4. Cr-Co alloy  discontinuous, with holes  45* 0.254* 9 

Tabel 1 

 
Tabel 2 

From this last table results the following 
data: strength at breaking: Rm=209.00MPa 
and the elongation at breaking: 

lR=1.0229mm. The presence of holes 
changes the global behaviour of the structure 
(relative to the compact plate) making it more 
deformable, with a higher energy absorption 
capacity, but decreasing its tensile strength. 

CONCLUSIONS 
1. The knowledge of the elastic 

characteristic of the constituting materials of 
the dentures is necessary in the calculation of 
strength, strains and stability, in the 
experimental stress analysis and in the finite 
element method usage.  

2. The need to overcome the maximum 
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convexity of the tooth is important and this 
depends on the length and width and also 
depends by the material that the clasps are 
made. In addition, the chewing affects the 
clasps by bending and it having a great 
importance in producing wear. If there is no 
wear to the maximum convexity of the tooth, 
we can assess that the fracture due to metal 
wear in the case of Cobalt-Chromium inactive 
clasps may take about 5-7 years of use. The 

 their 
strength in the moment of insertion and un-
insertion in the oral cavity and when the clasp 
exceeds the maximum convexity of the tooth. 

3. The Cobalt-Chromium alloys are often 
used as removable partial denture alloys for 
their mechanical properties which were 
demonstrated in several studies, but 
unfortunately, only a few studies have dealt 
with the wear of these alloys. 

4. The linear behaviour of the materials 
tested, for the acceptable effort domain, is an 

important assumption in the mathematical 
models achieving from the finite element 
analysis. The determined elasticity constants 

of application, so that the models can be 
considered linear elastic bodies. 

5. The Cr-Co alloy and acrylate specimen 
constants can be obtained from Cr-Co alloy 
specimen with holes loading, because the 
metallic structure is the element which 
provides the material rigidity to heavy loads.  

6. Using the electro-stress transducers 
introduced in the Weatstone bridge in a half-
bridge configuration we managed to 
determine the specific elastic constants of the 
materials, the transversal elasticity modules 
(E) and the transverse contraction coefficient 
(
tested on static traction, obtaining the 
following values, which can be introduced in 
the subsequent calculations:  
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