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Abstract 

The work presents the way to determine the main physical and mechanical characteristics of 
photopolymerisable composite materials used for physiognomic dental obturations in dentistry. An 
ensemble of equipments and testing machines was used in our research: the Instron 5587 traction and 
compression testing machine, the Aramis 2M system for optical measurement of deformations, and 
appropriate holding devices for the samples. The optical measuring system also allows the experimental 
verifying of numerical finite element simulation method. The optical measuring system of deformations 
has own software able to command and control the system, as well as the data acquisition and 
processing. The used test samples were prepared from composite photopolymerisable materials, and 
were operated in similar conditions as in dentistry. The samples were subjected to a medium loading of 
350-400 daN, similar to that of maximum teeth clenching in maximum intercuspiding. Suggestive 
graphs of strain analyze and tables are presenting the result of tests. In this work we choused to present 
the mechanical deformations (the elasticity modulus, the breaking pressure, the shearing angle) of the 
filling composites, in order to use this data in our future research. 
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Introduction 
 
The non-contact optical 3D deformation measuring system ARAMIS 2M analyzes, calculates 
and establishes material deformations, providing graphical representation of the measured 
results [1]. The system is suitable for three-dimensional deformation measurements under 
static and dynamic load in order to analyze stress and strains of real components.  
 
Strain is the measure for the deformation of a line element and can be defined as follows [1]: 

 
The stretch ratio λ is the relative elongation of an infinitesimal line element. A strain value ε 
can be defined as the function of the stretch ratio λ.  
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lim      (1) 

 
The following known functions are frequently used strain measures [1]: 
• Technical strain: 
       1  fT      (2) 
• Logarithmic or true strain: 



ANDREEA ANGELA ŞTEŢIU, MIHAELA OLEKSIK, 
 VALENTIN OLEKSIK, MIRCEA ŞTEŢIU, MIHAI BURLIBAŞA 

 

Romanian Biotechnological Letters, Vol. 18, No. 4, 2013 8529 

                ln fL      (3) 
• Green's strain: 

        1
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1 2   fG      (4) 

 
The disadvantage for εx and εy, to be defined as dependent on the coordinate system can be 
eliminated by calculating major and minor strain values. 
 
The two eigenvalues λ1 and λ2 are calculated as follows: 
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Depending on the choice of the strain measure, the stretch ratios λ1 and λ2 can be transformed 
into corresponding strain values. Based on the larger eigenvalue the major strain in 
determined (ε1 or φ1) and based on the smaller eigenvalue the minor strain (ε2 or φ2). The 
corresponding eigenvectors determine the two directions of major and minor strain. The strain 
values thus determined are independent of the coordinate system and are universally 
applicable [1]. 
 
Frequently, the effective strains are needed. The effective strains according to von Mises and 
von Tresca are available. The effective strain according to von Mises results from the 
following formula [1]: 

      2
3

2
2
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13

2  V     (6) 

 
As φ3 is included in the formula, the effective strain is only valid if the volume constancy is 
valid. 
 
The effective strain according to von Tresca results from the following formula [1]: 
      

max
 V      (7) 

 
The description so far showed in detail the calculation of strains. 
 
Summarized, this process consists of the following tasks [1]: 

 Calculation of the tangential plane 
 Transformation of the 3D neighborhoods into the tangential planes 
 Coordinate transformation of the tangential plane into the 2D space  
 Calculation of the deformation gradient tensor from the 2D sets of points 

 
The tangential model described above provides good results as long as the assumption of the 
linearization of a local neighborhood of points is valid. In deep drawing, the deformed 
materials have in part strong locally curved planes. The problem now is to apply the 
characteristics to be measured to the respective object in such a frequency that the assumption 
of local linearity is still given.  
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In order to calculate the side length not only according to a linear model, it is necessary to 
have more information than two points on a side. This means that the adjacent points of a 
four-sided facet have to be included in the calculations. Figure 1 shows the adjacent points of 
the hatched four-sided facet [1]. 
 
In the facet, the side lengths are calculated using the formed splines. The resulting lengths can 
be used to construct a quadrangle in the two-dimensional space. Now, the strain calculations 
described above can be used. 

 
Fig. 1. Four-sided facet with adjacent points [1]. 
 
The Aramis optical system is atached to an INSTRON 5587 machine for traction and 
compresive strain research. The Instron machine has a builtin Bluehill 2 software designated 
to command and result interpretation scope. The main characteristics and limits of the 
research ensemble are described in „materials and methods” chapter. We used this ensemble 
in order to obtain more informations about the deformations and strain actions from Instron’s 
traction-compression test. The proof sample we used has to be prepared with a spray pattern 
as a homogenous surface [1, 2]. The results provide informations about the main 
characteristics of the material. In order to obtain with composite materials a stable tooth 
restoration, an important indicator are the deformation, the presure and the Young’s modulus 
of these filling materials [3, 4, 5]. 
 

Materials and methods 
 
In our research we used: 

A) The mechanical testing Instron 5587 machine with following characteristics: 
 statical maximum load capacity: 300 kN; 
 force cell with +/- 0,25% linearity and +/- 0,25% repetability of readings in the 

domain of 0,4 – 100% of capacity; 
 working space between the body and crosshead: 1200 mm; 
 working space between the columns: 800 mm; 
 electromechanical command of the crosshead; 
 testing speed in the domain of 0,001 – 500 mm/min; 
 computer interface (acquisition plate); 
 conditionning modulus for the data acquisition plate. 

B) Incorporate Bluehill 2 software which allows: 
 automatic sensors calibration; 
 presumed and user edited reports generation; 
 system monitorizing; 
 the in real time visualsation of results. 
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C) Optical deformations measuring system – Aramis 2M, from GOM , with the following 
characteristics [1]: 
 CCD (Coupled Charged Device) cameras resolution: 1600 X 1200; 
 minimum recording speed: 10 Hz; 
 minimum recorded area: 120 X 120 mm; 
 total images recording control; 
 A/D converters with a 12 bit resolution; 
 Incorporated software for the images recording control and their postprocessing; 

the automatical scanning of images; 2D and 3D visualsations; data export; 
automatical generation of calibration ratio. 

D) Cylindric proof samples from polyethylene (ф10±0,05 mm x 25±0,05 mm height) 
used for calibrationg of the system. 

E) Cylindric samples (ф10±0,05 mm x 25±0,05 mm height) from different composite 
materials. We considered for investigation three materials, with large use in dental 
cabinets in Romania [6, 7, 8]. These materials are shown in figure 2. Note that all used 
materials were not out of date and were operated with the proper instruments, similar 
to those in dental cabinet working way. 

 

Fig. 2. Composites to be studied – as it is specified on the material by the producer – Sample 1 – CHARISMA – 
Heraeus [6]; Sample 2 – ZMACK microhibrid [7]; Sample 3 – PREMISE – Kerr [8].  

 
The samples were made by condensing and photopolymerizing the restorative material in the 
same limpid calibrated tube (ф10±0,05 mm). After each 3±0,05 mm height of composite 
pressed material, we cured with the polymerization lamp for 40 seconds. We continued 
pressing and light curing until the desired height was obtained (25±0,05 mm). By this method 
we obtained cylinders of homogenous and hard „obturation” having a 10±0,05 mm diameter 
and 25±0,05 mm height.  
 
All samples were prepared for investigation by deposition of a white thin layer of mat 
unpolished and fast drying paint in order to prevent undesired reflexions [1]. The sample was 
dryed for a couple of minutes, and thereafter a fine powder of opaque black paint was layed 

Sample 1 Sample 2 

Sample 3
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on it. During the compression test the points from the black paint layer are modifying their 
coordinates.  
 
The acquisition system is computing for each image acquired by the optical system the 
coordinates of each point, and calculates the displacements and the specific strains using the 
built-in machine software [1]. 
 
The calibration of the system is made with polyethylene proof samples having the same shape 
and dimensions as the samples to investigate.  
 
Figure 3 shows the work system we used, the sample coverd by white paint and black pattern 
and the way of focusing the center of measured volume (red point). 
 

Fig. 3. Investigation system. A) Instron 5587 mechanical testing machine; B) Aramis 2M optical system; C) 
focused sample; D) computed results. 
 
The presumed force to investigate of 390 daN has been determined using the Weber-Fick law 
– “the force triggered by a muscle is proportional to his transversal surface” – and for the 
main lifting muscles of the mandible were established the following data (note that for they 
are working in pairs we have to multiply by 2 these data) [9, 10, 11, 12, 13]: for the temporal 
muscle – 80 daN; for the internal pterigoidian muscle – 40 daN; for the maseter – 75 daN  
 
RESULTS and DISCUSSIONS 
The Instron 5587 machine’s own software did provide only compressive stress – compressive 
strain curve determination. In figure 4 is shown the compressive stress – compressive strain 
curve of samples.  

A

B 

C 

D 
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Fig 4. Compressive stress - compresive strain diagram as it is generated for studied samples by the builtin 

software of Instron 5587 machine. 
Note that there are presented the representative curves selected by the built-in software of the 
machine after analyzing from each sample material five probes as a normal distribution for 
each moment of the continous force increasing rate. For sample 2, for example, it appears that 
increasing continously the main load up to 299,13092 MPa, at a compresive strain of 0,06537 
mm/mm appears the break of the sample. The system provides automaticaly the Young’s 
modulus, too – 8578,17964 MPa. The results for three samples is given in table 1. 
 
Table 1. Sinthetic data table generated by the Instron 5587 machine 

Sample 

Compresive 
extension at 
Maximum 

Compresive 
load (mm) 

Modulus 
(Automatic 
Young’s) 

(MPa) 

Compressive 
stress at 

Maximum 
Compresive 
load (MPa) 

Comprssive 
strain at 

Maximum 
Compresive 

load 
(mm/mm) 

1 1,88311 10452,34131 331,23862 0,06823 

2 1,51666 8578,17694 299,13092 0,06537 

3 2,51667 4551,53784 246,41890 0,08251 

 
For other tests: uniaxial traction, compression and buckling, the main deformations and 
displacements of the compressed sample the data were taken from the optical analysis and the 
software of Aramis 2M optical system [1]. The results were obtained by continuous snapshots 
that were taken and in real time analyzed by Aramis system while compressing the sample. 
Thereby we obtained graphical presentations of the measurements of deformations in real 
time [1]. 



MECHANICAL BEHAVIOR OF COMPOSITE MATERIALS FOR DENTAL OBTURATIONS 
 

8534 Romanian Biotechnological Letters, Vol. 18, No. 4, 2013 

 
 
In figure 5 we present the sample from one of the materials snapshots taken by the system 
short time before and after the breaking. One can see the surface of the sample covered by 
pattern spray. In figure 5A the arrows show the points of concentration of the strains – from 
these points on the material will appear cracks and finally it will break. The optical analyze is 
done by milliseconds records and displacements of the points shown on the paint pattern. It is 
interesting to observe in figure 5B that the breaking line is oblique. This line is more 
comprehensible if we are looking on the share angle graph obtained from the analyses of 
Aramis 2M system, shown in figure 6B. 

Fig. 5. Sample being compressed. A) Just before breaking; B) After breaking 
 
In figure 6 we present three-dimensional diagrams of the shear angle of the samples. It is to 
retain that appropriate different colors indicate the crack point start. These points are indicated 
by arrows on the graphs. 
 

 
Fig. 6. Share angle graphs. A) sample 1, B) sample 2, C) sample 3. The arrows are indicating the points of 
torsion and crack appearance on the samples. 

A B 

A 

B 

C 
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Another important characteristic is that of axial displacements. For understanding the graphs 
we must notice that the compression is made in up-down way, meaning only the upper gear of 
Instron’s machine is moving and the bottom gear is standing. This means we observe more 
compression in upper part of the sample than in its bottom part. This is similar to a tooth 
obturation case. The base is stable and the edge is under stress of masticator forces. The 
displacements graph for each sample is shown in figure 7. Minimum displacement (red 
colored) is at the base of the sample and maximum displacement is at the “edge” (blue 
colored). 
 

Fig. 7. Vertical displacement graphs. A) sample 1, B) sample 2, C) sample 3. 
 
 
Other strain graphs were obtained for each sample. In figure 8 are presented the graphs for 
major strain for the three samples. In figure 9 the minor strain graphs are visible.  
 
 

Fig. 8. Major strain graphs. A) sample 1, B) sample 2, C) sample 3. 
 

A 

B 
C 

A 

C B 
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Fig. 9. Minor strain graphs. A) sample 1, B) sample 2, C) sample 3. 
 

The graphs for equivalents strain such as von Tresca strain and von Misses strain are 
presented in figure 10 and 11.  
 

 
 

Fig. 10. von Tresca strain graphs. A) sample 1, B) sample 2, C) sample 3. 
 

Fig. 11. von Misses strain graphs. A) sample 1, B) sample 2, C) sample 3 
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These graphs show which part is more compressible reported to the total length. If two close 
points of the graph have different colors, then from those areas is starting the crack causing 
the tooth’s filling material fracture. As the differences in color of the close points are greater, 
the stresses at these points are greater – the arrows in figure 7 to 10 are indicating such points. 
If the applied force is increased from that area is starting the breaking. The problem appears if 
the crack points are not concentrated and with no pattern distributed in the sample. It is 
possible to presume that there are some air clusters, insufficient photopolymerisation of the 
material or some impurities when condensing the composite material, or when packed by the 
producer.  
 
Conclusions 
 
The mechanical characteristics of the obturations materials offer to the dentist some 
information in using composites of different recipes [6, 7, 8], and the expectation of in time 
reliability of the dental treatment. 
 
The share angle indicates that under axial forces appear crack points of the filling material in 
the “incisal” third part of the obturation. From these points the fracture of composite 
restoration begins to break and compromises the treatment. This is more likely in Black class 
II preparations because one of the walls is unconstrained by the preparation. This fact guides 
the dentist to restore the tooth by creating an in-occlusion space in the distal/mesial zone of 
the restoration in order to avoid the direct axial force to act. Therefore is inappropriate to use 
unsustained restorations more than 2 mm wide corresponding to the share angle in sample 2.  
In same manner, the compressive stress at maximum load shows the minimal area of 
composite restoration of teeth to be created in order to resist at the maximum load of 390 daN 
clenching force. Knowing that the pressure is force upon area we can calculate for the 
material sample 2 the minimum area Asample2 = 1,30 mm2. This is to be reminded for patients 
with bruxism who need teeth restorations [13, 14]. This calculus guides the dentist in 
appropriate burr dimension choosing. For sample 2, for the minimum preparation in order to 
resist at maximum clenching force the minimal radius of the burr must be 0,65 mm in Black 
class I preparations.  
 
Another interesting result is the displacement of material when compressed. These data 
provide to the dentist information about the elastic characteristic of the material to be used in 
frontal restorations of incisal dental edges. In this point some displacements of the material 
sample 1 of over 1,5 mm can provoke fractures of the edges and shall damage the treatment. 
If using the material in sample 2 the undesirable displacement diminishes to 0,7 mm. 
 
On the other hand, discussing about Maximum Compressive load, we recommend to be used 
for posterior restoration of the teeth the material as in sample 1 which resists up to 331 MPa. 
 
As for the study in comportment of obturations under masticatory stress, the Young modulus 
and the results of strain and the stress analyses [15], allows us to start future studies on the 
filling material using the finite elements method. 
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