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ABSTRACT:

The fixed prosthetic rehabilitations represent a current treatment solution, due to their
advantages: high mechanical resistance, optimal aesthetic aspect, good clinical longevity, excellent,
biocompatibility. The modification of some technological parameters influences the internal
microstructure of dental alloys and, implicitly, the mechanical properties of the metallic dental
bridges .The paper aims to investigate the influence and practical importance of the technological
factors in designing and creating the metallic infrastructures by pouring: studies have been made in
order to highlight the role of the heat source, during the melting, on the microstructure of the alloys
and, implicitly, the effects exerted upon the oral tissues. In our study we used three alloys: Brealloy
C+B 270 (Bredent), Heraenium P (Kulzer), Remanium 2001 (Dentaurum). We tested the hardness of
the pouring raw samples and of the structures obtained after the thermal optimization treatments. The
melting, pouring and slow cooling often lead to non-homogeneous prosthetic parts, with modified
mechanical properties, important to the poured part. Since the raw structure after the pouring is not
convenient to provide the desired features, thermal treatments are necessary to achieve a harmonious
blend of physical, mechanical, chemical and biological properties
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Introduction
The

materials used in the dental medicine impose an

diversity of technologies and
objective selection of their use, depending on the
individuality of the clinical case pursued, by the
particularities of the respective situation and the

esthetical demands. Due to the multitude of

78

materials existent on the market, the motivation
of choosing a product is represented by the
biocompatibility and the qualities of each, but
also the technologies used in obtaining the
desired results.This goal can only be achieved if
all steps of the technological algorithm have been
correctly covered in order to obtain a precise

prosthetic appliance [1,2].
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In oral rehabilitation, two classes of materials are
mainly used: metallic and non-metallic. In the
metallic category, we can find dental alloys-
noble, semi-nobles and stainless and in the non-
metallic category-self curing acrylic resins, heat
curing  resins,  photopolymerizable  resins,
ceromers, elastic resins, composite resins and
ceramics.

Dental alloys used in fixed prosthesis have
been diversified in the last years. The quantitatively
dominant components are: gold, palladium, silver,
nickel, cobalt and titanium. The choice of the most
appropriate material for the fixed prosthetic
restoration of a clinical case becomes difficult
under these circumstances and the practitioner must
take into account all the aspects related to cost and
the clinical features of the chosen alloy,respecting
the hygienic-prophylactic principle [3,4].

The preoccupation for the morpho-
functional restoration of different segments of the
stomatognathic system has existed since the
oldest times, and the practitioners were the first
ones to face these dilemmas, which are still
dominating the dental research and practice. The
success of the longevity of a fixed prosthetic
restoration is obviously dependent on the
judicious choice of the restoration material,
which, through its properties, must insure a long
life of the restoration within the oral cavity,
most

that a

without generating complications.The

important four physical properties
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prosthetic alloy must own are: the melting
interval, the density, the mechanical resistance
and thehardness.

With the purpose of establishing the
influence andpractical importance of the
technological factors in designing and creating
the metallic infrastructures by pouring, studies
have been made in order to highlight the role of
the heat source, during the melting, on the
microstructure of the alloys and, implicitly, the

effects exerted upon the oral tissues [5,6].
Materials and methods

First, we tested the hardness of the
pouring raw samples and of the structures
obtained after the thermic optimization
treatments.We created rectangular specimens,
with a 10 cm length and 3 cm width, designed for
the metallographic studies and the hardness
studies. The samples were made from blue wax
and were invested with Bellavest SH investing
material, which is a product based on phosphates,
specific to non-noble alloys, CO-Cr type. In our
study we used three alloys: Brealloy C+B 270
(Bredent), Heraenium P (Kulzer), Remanium
2001 (Dentaurum) and there were created 15
specimens of each alloy. After the heating and
mold achieving, we attained the melting and the
pouring of the alloys, with the aid of the
The

composition of the alloys is illustrated in table I.

DucatronQuatro device. chemical
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Alloy Chemical composition (%)
Co Cr W Mo Si Mn N
Brealloy 66 20 6 6 09 0,7 -

C+B 270

Heraenium 59 25 10 4 08 0.2
P

Remanium 63 23 43 73 16 <1 63
2001

Table I The chemical composition of the used

Co-Cr alloys

After the melting and pouring, the

metallic parts were devested and processed
according to the standard technology bysanding,
cutting the sprues,

gliding, finishing and

polishing (fig.1)

Fig.1The samples after the finishing

The specimens were then analyzed to
hardness tests, before and after applying the
thermic treatments.

After  the
respectively the
solidification, under the usual conditions of the

first thermic  process—

alloys melting, pouring,
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current technology, the samples presented a
modification of the initial structure, represented
by a dendritic structures, arborescent crystals
with the aspect of the fern leaves, with the
tendency of transforming into a polyhedral
structure, due to the slow cooling speed of the
piece in the mould, structures known as the raw
pouring structure.

This structural aspect is not convenient
for a prosthetic appliance, because the values of
the mechanical properties are inadequate, and, in
the oral cavity, this transition structure may
favour either oxidation phenomena, or the
formation of galvanic micro-cells, even in the
absence of another metal or alloy.

Because the raw pouring structure is not
appropriate, it is necessary to modify it into
another structure, which will give the alloy a sum
of physical, mechanical and chemical properties,
so a metallographic structure that will give the
future prosthesis the required qualities.

This
through thermic treatments, which involve the
established

optimization can be achieved

heating until an temperature,
maintaining this temperature for a period of time
and cooling with a controlled speed. So, these
processes are influenced by many factors: the
maximum heating temperature, the speed at
which the heating and the cooling are achieved;

therefore, the parameters of the technological
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process must be rigorously respected in order to
get the expected result.

We kept 5 specimens from each alloy as
control samples, to analyze the hardness of the
raw pouring samples, and the other specimens
were intended to the thermic treatment - 5
specimens for each hardening treatment and the
rest of 5 samples for annealingtreatments.

The first thermic treatment applied to the
metallic samples was a thermic treatment of
homogenization annealing, treatment performed
by heating the samples at 860°C and keeping
them at this temperature for 9 hours.

The second thermic treatment applied to
the samples was the thermic hardening treatment,
performed at the temperature of 1150°C in salt
baths, for 10

subsequent cooling.

seconds/mm thickness and

Hardness testing
All the samples were subject to the

hardness testing, in order to establish the eventual

modifications occurred following the
technological stages.
Hardness is an extremely important

parameter in comparing restoration materials. It
can be defined as the resistance to the superficial
printing or to penetration; the hardness is,
therefore, a resistance measure to plastic
deformation and it will be expressed as the force

related to the area unit of the print. Hardness
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indicates the predisposition to the fracture of a
structure and its resistance to abrasion, while
performing the functions.

Of all the methods of determining the
hardness we chose the Vickers method. This is a
static method of establishing the resistance to the
pressure exerted by a diamond pyramid, with a

peak angle of 136°.

Vickers hardness was calculated
following the next formula:
. 136°
= 2Fsin——
HY =—. —22
S d

Where F is the stressing force, S is the area of the
surface left by the penetrator on the specimen and
d is the diagonal of the pyramid base.

In order to test the Vickers hardness we used the
standard Vickers microhardness device (fig.2)
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Fig. 2 Vickers Micro hardness device

Results and discussions

In order to appreciate the hardness of the
structures obtained after the pouring, in relation
to the hardness of dental hard tissue, it is
necessary to specify that the Vickers hardness
value for enamel is HV = 320.We tested the
hardness of the raw pouring samples and the
hardness of the structures obtained following the
application of the thermal treatments; the values
were systematized in table II.

Table 11 Vickers Hardness of the alloys

For the Brealloy C+B 270 material, there
are no modifications noted of the hardness after
melting and pouring, but we can notice an
increase ofhardness, more significant after the

hardening procedure (fig.3)

Brealloy C+B 270
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Fig.3Variations of the Brealloy C+B 270

M Brealloy C+B 270

-

hardness

For the second alloy, Heraenium P, we

noticed a decrease of the hardness after the

melting and pouring, and a significant increase of
its value after the hardening treatment.

On the other hand, the hardness value
after the annealing treatment is equal with the

value of the value of the dental enamel hardness
(fig.4).

Initial | HV after HV Hv after
Alloy . afterann .
HV pouring . hardening
ealing
Brealloy
270 270 290 300
C+B 270
Heraenium
5 330 310 320 340
Remanium 290 290 320 370

Heraenium P

340 7
335 +
330 17 -
325

520 1 -
315 7 B Heraenium P
310 V7,
305 ¥,
300
. . . ~

295 + :
HViniiala HVdupa HVdupd Hvdupa
turnare recoacere  clire

Fig.4Variations of the Heraenium alloy

hardness

The Remaniumalloy presents a significant
increase of the hardness values after the
hardening treatment, which exceeds, thought, a




Romanian Journal of Oral Rehabilitation

Vol. 11, No. 2, April - June 2019

lot the harness of the dental tissues. The closest
value to that of the dental enamel hardness is
obtained after the annealing treatment (fig.5).

Remanium
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Fig. 5 Variations of the Remanium alloy

hardness

From this comparative analysis, results
that after melting and the pouring, the alloys can
modify their structure and, implicitly, their
mechanical properties.

The decreasing of the hardness makes the
metal prosthetic appliances less resistant to oral
cavity

requirements, more easily abrasive,

causing important changes of the occlusal
rapports and disturbances of dental system
functions.

The

optimization of mechanical properties and the

thermal treatments allow the
increase in alloys hardness. However, increased
hardness makes the appliances difficult to
process, and after oral application, they will

produce abrasions of the antagonist teeth [7,8].
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In the present study, we obtained optimal
hardness values for the Heraenium P and
Remanium alloys, following the homogenization
annealing treatments.

Conclusions

The melting, pouring and slow cooling
often lead to non-homogeneous prosthetic
appliances, with modified mechanical properties.
Since the raw structure after the pouring is not
convenient to provide the desired features,
thermal treatments are necessary to achieve a
harmonious blend of physical, mechanical,
chemical and biological properties [9].

The structural homogeneity obtained

through thermal treatments optimizes the
mechanical properties of prostheses - hardness,
tensile strength, elongation and resilience.

The

dependent on the composition of the alloy and the

thermal treatment regime is
dimensions of the prostheses [10,11].
The

homogenization achieved through controlled

optimal  hardness and the

heating and cooling procedures make the final
polishing of the prosthetic appliances much
easier, more efficient, and with a mechanical
behaviour similar to dental structures.

Obtaining a poured prosthetic piece
perfectly adapted, biologically and
biomechanically appropriate, is conditioned by
the observance of the

knowledge and
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technological parameters involved in the specific will create the conditions for an oral
algorithm. rehabilitation according to the morphological and
By respecting the methodology and the functional requests.

parameters specific to each technological

step,will be obtained a metallic prostesis, that
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