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Abstract:

The dental bridges have a non metallic element made up in ceramic or composite that will rehabilitate the
morphology and the functions, and a metallic framework, that assure the resistance and the retention of the
aesthetic component. The technological algorithm used in order to obtain cast prostheses has the following steps:
pouring the casts, the wax patterns, investing and realization of the mold, dental alloy melting and casting,
divesting and polishing. The aim of our study was to emphasize the technological steps that can influence the
final parameters of the cast prostheses. Twenty-one metallic frameworks for different dental fixed prostheses
were cast (crowns, short bridges and the full arch bridges) and evaluated through the macroscopic examination
method in order to detect any possible surface defects (pores, fissures, fractures, holes or excesses of alloy). In
conclusion, the accuracy of the technological parameters will prevent any errors and will lead to dental cast
prostheses with optimal biomechanical and clinical behavior.
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INTRODUCTION the wax pattern, the investing and making of the
mold, melting and casting the alloy, divesting and
Metallic dental fixed prostheses are used as finishing. Metallic infrastructures must be
therapeutic solution for a various range of clinical carefully verified before veneering in order to
situations: inlays, onlays, crowns and bridges. identify the potential defects.
The dental alloys frequently used in practice for Defectoscopy is the science dealing with the
making of these appliances are the Chrome- definition, identification, characterization, and
Nickel and Chrome-Cobalt-based alloys [1, 3]. measuring of shape and sizes of defects in the
Mixed dental bridges have a metal material that may appear during the casting
infrastructure which provides resistance and process [10].
support of the veneering component and an The defectoscopic evaluation can be done
esthetic component that will restore the dental through destructive and non-destructive methods.
morphology and functions [4, 5]. Metal-ceramic The destructive tests (mechanical resistance,
bridges have a series of characteristics that prevail physical properties, and quantitative analyses,
in relation to other prosthetic alternatives, such as etc.) require the destruction of the specimen,
optimal mechanical properties due to the metallic therefore are not frequently used in the routine
infrastructure, dimensional stability and excellent defectoscopy.
biocompatibility [6-9]. Non-destructive methods do not destroy the
The technological algorithm for obtaining of analyzed pieces, using techniques such as optical-
cast framework includes several steps: the casts, visual/macroscopic investigation, microscopic
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investigation, defectoscopic ~ control by
ultrasounds, magnetic powder test, penetrating
liquid analysis, X-ray examination, infrared
thermography  analysis and  micro-XCT
examination [11-13, 14-22].

According to the particularities of the dental
alloys and to the accuracy of the technological
parameters, will prevent any errors and will lead
to dental cast prostheses with optimal
biomechanical and clinical behavior

MATERIALS AND METHOD

In this study we intended to highlight the
technological parameters that may influence the
characteristics of a metallic framework and the
non-destructive defectoscopic evaluation through
macroscopic examination.

For this purpose, we made 21 metal
frameworks using three different Co-Cr-based
alloys (table 1) for metal-ceramic dental fixed
prostheses cast (crowns, short bridges and the full
arch bridges) and evaluated through the
macroscopic examination method in order to
detect any possible surface defects (pores,
fissures, fractures, holes or excesses of alloy).

Table 1. Co-Cr-based alloys subject to
experimental researches

Trade name R

Non-noble alloys ions for use

C+B 270
Co-Cr-based alloys Heraenium P Kulzer Melal—cleraxlmc fixed
. ‘estorations
Wirobond 280 Bego restoralt

The chemical composition and the values for
physical and mechanical properties of the Co-Cr-
based dental alloys are given in table 2 and 3.

Table 2. Chemical composition (¢!

Chemical composition, [%]

— Co | Gt [ W [Mo | Si |[Ma| Ga |[N| Fe | N | C

| BrealloyCB270 | 66 | 20 | 6 | 6 |09 07 ] - | -1 - | - |00z
Heraenium P 59 25 10 4 1 0.8 - - - 0.2 -
Wirobond 280 | 602 | 25 | 62 | 48 | <1 | <1 |29 -

Table 3. Physical properties of Co-Cr-based
alloys selected[**¢!
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Physical properties
Thermal
q " i q expansion
Melting Casting | Solidificati
Al temp. temp. on temp. (TEégzgﬂ-O—.S 00/ ?g/.e:;‘}]’ [QE&]
[C) [C) el ey
[nm/mK]
| Brealloy C+B 270 1350 1450 1280 14.4 8.4 200
He ium P 1400 1550 1305 13.8 8.8 200
Wirobond LFC 1435 1480 1335 15.6 1.9 205

After impressions we made the working casts
from hard gypsum and the wax patterns of metal
frameworks using inlay blue wax. In order to
prevent technological errors, the following
conditions for the wax must be fulfilled: the wax
must not be overheated, it should be applied in
one step, and does not modify its properties after
solidification.

The framework wax pattern must have the
following characteristics: to be undersized by 1-
1.5 mm in order to provide the equal space for the
ceramic component, the thickness of the metal
framework must be 0.4-0.5 mm, with a smooth
surface without any macro-retentions; to avoid
the fracture or detachment of the ceramic
component, wax pattern will be modeled with an
90° angle between metal and ceramic (fig.1).

Figure 1. Metal
framework wax
patterns

The next technological steps are spruing and
investing phase. During modeling the wax, some
internal stresses accumulate into the pattern, that
may generate shape and dimensions modifications
leading to poor adaptation of the future metal
framework on the working model. Therefore, the
elimination of these internal stresses is mandatory
before the investing step.

The spruing is another important phase that
ensures the optimal flow of the alloy into the
mould, the number, location, and dimensions of
the sprues being correlated to the amplitude of the
framework and the alloy fluidity (fig.2).
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Figure 2. Spruing

The success of casting process is conditioned
by the presence of air vents, for gas evacuation.
These sprues are 0.5-0.7 mm diameter and have
one end on the wax pattern and one end on the top
of the mold.

For investing there are used investment
materials, specific to each alloy, which has a
expansion coefficient equal to the alloy’s
contraction coefficient. Regardless of their
chemical composition, the investment materials
come in a two-component system, powder and
liquid; the ratio between the two components is
indicated by the manufacturer as it differs from
one type of investment material to the other. In
our study we used Bellavest SH graphite-free
investment material containing phosphate and
having a fine creamy consistence.

The investment ring size must be selected in
order to preserve a 6 mm thickness of the
investment material, and at least 1 cm distance
between ring walls and the wax. The sprued wax
pattern should be placed in the investment ring
precisely in the middle of the mold, where is the
highest temperature.

The paste was prepared by mixing the powder
with the liquid in the proportions indicated by the
manufacturer by means of the vacuum mixer to
eliminate the air inclusions. The sprued wax
patterns were covered in investment material
paste, and the pouring was done under vibrations,
using a lab vibrator, in order to avoid
incorporation of air bubbles into investment
material (fig.3).
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Figure 3. Wax péttern invesing

In order to obtain the mold, the invested wax
pattern was placed into an electric oven, where
temperature rises slowly up to a value close to the
alloy melting point. During heating, the wax melts
and flows, the remain wax burns, the mold wall dry out
and thermal expansion of the mold starts (fig.4).

Figure 4 Crucible and Mold heating

The following phases are alloy’s melting and
casting into the mold.

The chemical composition of Co-Cr alloys is
approximately similar but it does not determine
by itself their physical, mechanical and chemical
properties, these being influenced by the
technological steps accuracy.

The melting process was carried out in a
ceramic crucible for non-noble alloys, using a
Ducatron Quattro centrifuge (fig.5). Overheating
is forbidden since it modifies the alloy structure
and their mechanical and clinical behavior.

Figure 5. Ducatron Quattro-
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Centrifugal induction casting machine

After cooling at the room temperature air for
40-50 minutes, the cast pieces are divested, by
removing the investment material from their
surface (fig.6).

h::

Figure 6. Divestment

There may be very little highly adherent areas
of investment material and a continuous film of
metal oxide on the framework surface, which
should be removed through sandblasting. The
processing of the metal framework aims to
eliminate the fragments of investment material
and oxides from the surface of the metal
framework, to flatten and smooth it.

Sandblasting is the process by which the metal
framework is subject to the action of a jet of
abrasive particles of aluminum trioxide (Al203).

Choosing the particle granulation depend on the
alloy hardness, for harder alloys as cobalt -chrome,
recommended granulations being 120-250 um. The
pressure of the particle jet is another factor that
influences the surface quality, and in case of harder
alloys it ranges between 3 and 6 bars. The angle of
the particles jet 45 degrees, this incidence allowing
the reflection of the particles on the metallic
surface, preventing their embedding into the metal.
The distance optimal to the metal structure is 30-35
millimeters, and sandblasting time about five
seconds for each surface (fig.7).
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Figure 7. Sandblasing

After sandblasting, the clean metal allows a
better survey of the surfaces in order to identify
any potential defect.

After sprues removal, next steps are finishing
and polishing of the framework (fig.8).

Figure 8. The sprues are cut with a diamond
disk

Finishing was performed by means of abrasive
materials: carborundum disks, mounted and non-
mounted stones, hard mills all of them driven by a
high speed motor. Mucosal and dental surface are
not processed so as not to modify their adaptation
to the prosthetic field.

Polishing was performed in a galvanic bath in
order to obtain perfectly smooth and uniform
surfaces (fig.9).
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Figure 9. Metal framework after processing
RESULTS AND DISCUSSIONS

The macroscopic analyze was carried out
through direct visual examination, and with the
magnifying glass.

Macroscopic homogeneity defects, such as
gas, sulphide or investment material inclusions,
may be noticed on the surface.

Pores are spherical micro cavities determinate
by gas inclusions inside or on the metal surface,
as a result of some technological errors: alloy
overheating, the molten alloy reservoir undersized
or misplaced (not exactly in the center of the
mould), and a low intensity of the casting force

(fig.10).
_..,.T -

Figure 10. Pores on the metal surface

The shape and volume of the cast piece can be
modified due to partial faults (holes) (fig.11).

Casting partial faults are caused by a low
quantity of alloy, melt too cold, mould too cold,
ceramic crucible not preheated, insufficient
torque in centrifuge, wax up pattern too thin,
sprues too thin, the presence of gases in the
mould, casting delayed too long.

Figure 11. Casting partial faults

The shape and volume of the prosthetic piece
can be modified by alloy excesses on the surface,
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which can have different shapes (spherical or
lamellar) (fig.12).

The spherical shape (beads) is the most
frequently found and is caused by the following
errors: wax surface was not tension reduced,
investment mixted without or inadequate vacuum.

Figure 12. Spherical excesses on the
framework
CONCLUSIONS

The initial study level is observation and
represents the domain of interest for the clinician.
The chemical composition of different Co-Cr
alloys is approximately similar and is not
determining on its won the physical, mechanical
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