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Abstract

In the work we determine the minimal diameter of the burr for a Black class I preparation to
be filled in with different biomaterials. We used a model of a 46 molar to be cured with
photopolymerisable composite materials, metallic or ceramic inlays. The scanned model of a 46 real tooth
is processed in CATIA sofiware. It is generated a model of class I preparation and filling shape. In order
to obtain a reliable restoration with minimum tooth sacrificed substance the minimum burr diameter to be
used for the shape and bottom of the preparation was determined. A 400 N constriction force was
considered as a maximum clenching force in mastication. A finite element analyze is made in Ansys
software. Shapes of tensions, deformations and safety factor of the modelled tooth are presented, pointing
the dangerous areas and sections. The results show an increasing of the safety factor when the section of
the shape becomes greater than the proposed value for minimum preparation for a specific biomaterial.

Key words: Black class I preparation, burr diameter, dental materials, composites.
Introduction

The mechanical properties of the composites depend on the filling type, on the efficiency of
the resin-filling coupling process and on the material’s porosity degree after affixing.

A photopolymerisable conventional composite generally has a 260 MPa compression
resistance and the chemically activated equivalent material, with 3% porosity, seems to be
210 MPa resistant at compression [1, 2, 3, 4, 5].

As for the metallic alloys based on Ni-Cr (WIRON S), they are 60 — 82 % Ni and 7 — 25 % Cr
and are indicated for uni-dental and pluri-dental fix prosthesis, totally metallic or mixed and
for inlays.

The alloys based on Co-Cr (REMANIUM C; WIROBOND) are, generally, 53-70% Co, 20-
32% Cr and have the same indications.

The ceramic blocks with the physiognomic obvious advantage are resistant enough and have
properties suchlike the dental enamel, with modulus of elasticity round 185 GPa for glass
infiltrated oxide ceramics; 210 GPa for polycrystalline oxide ceramics and 45GPa for feldspar
structures [6].

For dental restorations preparations there is of necessity to take into consideration the dental
and morphological affection. The class I preparations are made for teeth with occlusion
decays. The shape of the preparation follows the shape of teeth’s morphology in order to
confer fracture resistance to the teeth [7].

The preparation of these cavities asks for the obliteration of some healthy dental substance.
As the way the restoration substances behave is well-known that we can settle the minimal
dimensions of the preparation in order to have a treatment resistance with a minimal healthy
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dental substance sacrifice. We choose, from the very beginning, to approach the dental decays
with minimal dimension burrs clearing away all the altered substance in the areas where the
minimal dimension burr intervention was enough. In order to clear away all the decay
process, they will be calibrated and prepared for restoration which has to resist the
mastication forces and to offer an in time reliability of the preparation.

As for the force to be used in simulations, a human bite has been tested to a force of an
average 53 to 120 daN [8].

The concern on the intraoral force has a long history [9]; a wide range of methods and devices
for the determination of bite forces has been reported. These devices vary from simple springs
to complex electronic devices [10].

Waltimo and Kondnen [11] have reported that the bite forces in the 113—1692 N range could
be recorded with good reliability with quartz force transducer. Waltimo demonstrated that the
mean maximal bite force value in the molar region was 847 N for men and 597 N for women

[11]
Materials and methods

In our research we used:

A) A 46 real human molar to be scanned and mathematically modelled.

B) SCAN 3D ENGINE - non contact scanner for scanning the human tooth.

C) CATIA software to generate solid model of the molar 46 prescanned tooth.

D) The mechanical testing Instron 5587 machine which permits a static maximum load at
300 kN with +/- 0,25% force cell linearity and +/- 0,25% repeatability of readings in
the domain of 0,4 — 100% of capacity, to investigate the composite material for
restorations.

E) Particular materials to be investigated, from different categories and producers [3, 4, 5,
6].

F) ANSYS software for finite element analysis of strain and deformations of the
modelled preparation and teeth.

We considered the following steps:

e Study of the shape of a real preparation for class I restoration and modelling the shape
of the preparation;

e Mathematical model of a real tooth to be searched with finite element method in the
minimal areas of the prepared shape;

e Biomaterials characteristics determination to be used in the simulation of filling the
preparation;

¢ Finite element method to prove that increasing the section of the shape offers a better
resistance of the filling materials, and implicit a good reliability of the treatment;

e Calculus of the minimum burr diameter for minimum shape preparation according to
the biomaterial used for filling the preparation.

Extracted in orthodontic scope, an intact 46 human molar (fig. 1 A) was scanned using a three-
dimensional scanner - The Next Engine 3D Scanner (fig. 1B,C) - which captures objects in
full colour with multi-laser precision and output 3D scan models to popular design software
like Solid Works, 3ds Max, ZBrush, Rhino, Mathematics and more.
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Fig. 2. Experimental devices. A) Human teeth; B) Scan 3D engine platform; C) Scan 3D system; D) Instron
5587; E) Sample materials to be tested (composites, alloys and ceramic blocks).

The geometric patterns obtained by scanning process shown in figure 1C, were processed
with CATIA software and transformed in solid corps. Catia application makes it possible to
Romanian Biotechnological Letters, Vol. 18, No. 3, 2013 8383
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design precise 3D mechanical shapes with an intuitive and flexible user interface, from
sketching in an assembly context to iterative detailed design. The obtained model is prepared
with a Black class I preparation on the corresponding occlusion surface from the real tooth
preparation shown in figure 2, obtaining the modelm

Fig. 2. Decay process (A); cavity preparation after Black (B); preparétion (C); final restoration with composite
materials (D) — red arrow indicates the minimal preparation. Personal case restauration; model of the shape (E).

In figure 3 we present the 46 molar obtained models and its cavity preparation. One can see in
figure 3A and 3B the limits of occlusion preparations according to Black class I restorations
indications, similar with those from figure 2B, C. The resulted preparation from figure 3B
presents dimensions according to the real teeth’s dimensions, modelled as in figure 2E. This
preparation is to be filled in with biomaterials and simulated a contact with a sphere of 3+0,1
mm diameter (fig. 3C).

Fig. 3. Model of 46 molar. A) occlusal aspect; B) prepared class 1 cavity; C) modelled contact within 0,2 mm

tolerance.
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The mechanical characteristics of restoring materials are obtained by deformations analysis of
samples shown in figure 2E with Instron 5587 machine.

The method of analyze in ANSYS 11 [12] of the deformations and tensions state is based on
the discrete principle and modal analysis using the finite element method. So we determine
the tension and deformations state when loading the model in static regime [13]. The
characteristics of the biomaterials is provided by our tests with Instron 5587 machine.

To analyze the tensions distribution the equivalent tension von Mises (Cecy) is used, and the
ANSYS program calculates it as quadratic average of normal tensions at the base, middle or
top of the finite elements.

The bite force to be introduced and simulated in finite element analysis with Ansys software
is 400 N/teeth as it result from Waltimo’s research, where the value of 847 N in the molar
region is uniformed distributed left/right and on the same side divided on 2 molars from
which a grater surface has the first molar [11].

Results and discussions

The Instron 5587 machine’s own software did provide compressive stress — compressive
strain curve determination of samples. In figure 4 is shown the compressive stress —
compressive strain curve of searched materials. We are interested in the value of the

compressive stress in the break moment. This pressure offers the base of calculus of the
minimal shape of the preparation.

Stress - strain curves for restoration materials
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Fig. 4. Compressive stress — compressive strain diagram as it is generated for studied samples by the built-in
software of Instron 5587 machine.
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The results for restauration biomaterials we work with are given in table 1.

Table 1. Mechanical propreties generated by the Instron 5587 machine

Restoration material Ultimate strenght Ma)_(immur_n
[MPa] compresive strain [%]
Charisma 331 6.89
Zmack 299 6.57
Premise 246 8.28
Ni-Cr Alloy 1128 10.41
Co-Cr Alloy 1105 8.51
Fine structure feldspar ceramic 164 4.28
Polycrystaline oxide ceramic 317 7.51

We observe that the compressive stress determined by direct testing on the composites and the
ceramic blocs is comparable with the one indicated in literature [1, 2, 6].

These results, compressive stress, considering an applied masticator force on the teeth’s
occlusion surface restoration can damage and fracture the restoration as shown in figure 5C
where the safety factor goes less than 1,0.

In figure 5 there is presented the finite element analysis in Ansys software of the designed
teeth with a filling material — Zmack composite — in the modelled shape of class I preparation
at 1,6 mm section.
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Fig. 5. Finite element method investigation in ANSYS software of a composite biomaterial (ZMACK) with a

preparation of 1,6mm. A) Filling material displacements; B) Stress analysis of the filling material C) Safety
factor.
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We can see the dangerous area with maximum displacement (red arrow in figure 5A) and
maximum stress (red arrow in figure 5B) considering a load of 400 N on a shape of 1,6 mm.
The graph presented in figure 5 is in ANSYS analysis software with finite element method.
The maximum stress from figure 5B — 283,53 MPa — is comparable to those determined by us
and presented in table 1 - 299,13 MPa and indicates a dangerous stress at this level. Similar
results are reported by others [13, 14, 15]. These results indicate that it is necessary to design
the minimum shape of the preparation in order to avoid stress concentrations that could
damage and induce cracks at this level — fig. 5C.

In order to avoid fissures or induced cracks in restoration material, and for a better reliability
of the restoration we calculate the minimum burr diameter to machine the class I preparation
as follows:

Considering:

S==— (1)

The minimum diameter (D) of the corresponding burr shall be:

o5 o
V4 pr

Where:
S is the surface of teeth where the force is concentrated, in mmz;
F — distributed force (assimilated to masticator force), in N;
p — compressive stress, in MPa
D — burr’s corresponding diameter for designated area, in mm.

The results calculated with formula 2 for the minimum burr’s diameter (D) to be used in
preparations for decays in order to be cured with biomaterials in class I preparations, are
presented in table 2.

Table 2. Minimum diameter burr indications

Minimum Mean
Compressive area S, | Minimum | value of
stress at Considered for diameter the
Material Maximum Clenching | maximum of the burr’s
Compresive | force F (N) | clenching | burr D, | diameter
load (MPa) force (mm) D,
(mm?) (mm)
Charisma 331 1,208459 1,24
COMPOSITES Zmack 299 1,337793 1,31 1,4+0,10
Premise 246 1,626016 1,44
Ni-Cr Alloy 1128 0,354610 0,67
ALLOYS Co-Cr Alloy 1105 400 0,361991 0,68 0,720,05
Fine structure
CERAMIC feldspgr 164 2,439024 1,76
BLOCKS ceramlc. 1,7+0,15
Polyerystaline | 5, 1261830 | 127
oxide ceramic
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To confirm the mean values of burr’s dimensions we proposed, we made new simulations, in
same conditions, for a material that is presumed to resist — as the results for mechanical
characteristics shown in table 1 indicates — for a preparation of 1,6 section (Co-Cr alloy).
Same simulation is made for a material that is presumed to crack at same shape preparation
(feldspar ceramic) — as it result from the characteristics from table 1. The result, considering
the same applied masticator force of 400N on the teeth’s occlusion surface restoration
provides diagrams of safety factor as shown in figure 6.

In figure 6 there is presented the finite element analysis in Ansys software of the designed
teeth with filling material Co-Cr and feldspar ceramic in same shape model of 1,6 mm for the
safety factor.

B: Static Structural (ANSYS)
Safety Factor

Type: Safety Factor

Time: 1

B: Static Structural (ANSYS)
Safety Factor

Type: Safety Factor

Time: 1

11

5.5623 Min

1
]

Fig. 6. Finite element method investigation in ANSYS software of a composite biomaterial (feldspar ceramic —
A; and Co-Cr alloy — B) with a preparation of 1,6 mm. A) Safety factor chart for feldspar ceramic block; B)
safety factor chart for Co-Cr alloy.
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We calculated that the minimum section to be machined for feldspar ceramic has to be greater
than 1,76 mm. In figure 6A it appears that the safety factor goes under 1 — minimum value is
at 0,56708, meaning that at this level the crack are going to appear. On the other side, for Co-
Cr alloys we calculated the minimum section at 0,68 mm and the chart from figure 6B shows
that is no danger for induced cracks to appear because the safety factor is greater than 1 —
minimum value is at 5,5623.

Conclusions

The reliability of the dental treatment is in direct correspondence with the restoration
composite used and its mechanical characteristics.

One important characteristic is the compressive stress at maximum load with impact of
potential fractures to be induced in filling restorative biomaterials in masticator process.

In order to avoid material cracks and minimal teeth substance sacrifice in a Black class I
restoration, we recommend starting the preparations with diameter burs of:

e 1,440,10 mm for composites;
e 0,7£0,05 mm for alloys;
e 1,7+0,15 mm for ceramic blocks;.

The finite element method demonstrates that there is possible to induce cracks if the
preparation goes under a designed value for a maximum load to be equivalent to maximum
clenching force in mastication.

The work demonstrate that if the preparations shape goes in sections over the recommended
minimum value for the designed filling biomaterial, the risk for induced cracks diminishes —
as it appears from the risk factor charts. In figure 6A from a value of 0,56708, meaning a
great risk for cracks, groves to 0,94524 in figure 5C, meaning a potential risk, and groves to
5,5623 in figure 6B, meaning no risk at all.
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