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Abstract: In oral rehabilitation, the treatment of partial edentulism (PEd) is performed by removable
partial dentures (RPD) or assembled prosthetic works (APW) composed of several components,
fixed to the prosthetic field (Pa) and a removable one (Pb), in order to facilitate the daily hygiene
but also the damping of the occlusal forces applied in mastication. Cobalt-Chromium alloys are
materials used to manufacture modern prosthetic assembles. In order for this study to be relevant,
it was necessary to standardize the design of the framework (Pa) in terms of shape and volume
so that the experiment could be reproducible for the five Co-Cr alloys: 0-A (Co-Cr-Mo), 5-A and
10-A (Co-Cr-Mo-W), 15-A and 16.4-A (Co-Cr-W-Fe) and for the three fabrication methods of dental
assembled prosthetic frameworks: refractory duplicate method (RD) resulting removable framework
(Pb), direct construction method (DC) resulting removable framework (Pb-) and casting over metal
method (CoM) resulting removable framework (Pb+). The time allocated to the adaptation process
(AP), mechanical processing and sandblasting, in order to assemble the two components was between
43–70 min, even though the assembly between the Pa-framework and the complementary framework
(Pb+) was not necessary, CoM-method hs been provide the elimination of AP step. By applying the
arithmetic simple rule of three, the percentages for each of the three methods used were calculated,
the values of the difference were obtained. The CoM method improves the joining precision between
the components of the removable assembly of prosthetic frameworks by 91.7% compared to the RD
method and by 80.62% compared to the DC method. According to the efficiency of the methods used
in the precision of joining between frameworks components, their order is: casting over metal, direct
construction and refractory duplicate method.

Keywords: assembled prosthetic works; Co-Cr alloys; casting over metal method

1. Introduction

In oral rehabilitation, the treatment of partial edentulism (PEd) is performed by
removable partial dentures (RPD) or assembled prosthetic works (APW) [1]. Most APWs
are composed of a partially removable prosthesis that rests on dental crowns (DCs) [2]
that are assembled in the oral cavity to compensate for the lost functions of patients
with PEd [3].

Cobalt-Chromium alloys are materials used to manufacture modern prosthetic assem-
bles. The attractive characteristics of these materials, as well as the cost price, recommend
them as the material of choice for obtaining resistant, durable and innovative prosthetic
works [4,5]. The increased hardness and elasticity of the Co-Cr-Mo and Co-Cr-W ternary
alloys, called stellates (from “stella” in Latin), introduced in 1907 by Haynes, led to the
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contemporary version of Co-Cr alloys, used for orthopedic and dental prosthetics. Also,
stellates are non-magnetic alloys with excellent biocompatibility and good mechanical
and surface properties [6], but also increased resistance to wear and corrosion [7–9]. The
processing of dental alloys for manufacturing prosthetic metal structures is defined by their
technological properties [10].

The biocompatibility of dental alloys is a critical issue, because the alloys are, for a
long time, in intimate contact with the tissues in the oral cavity [11].

In order to ensure biological safety [12], the most important property of alloys is
the corrosion resistance in the oral cavity [13]. Systemic and local toxicity, allergies and
carcinogenic potential are the result of metallic elements [14] that were released from the
alloy into the oral cavity by corrosion. Experimental data showed that alloys can cause
both systemic toxicity and local toxic effects, since the tissues adjacent to the alloy are
exposed to a much higher concentration of metal ions [15]. The issue of biocompatibility is
related to this study by the ability of cobalt-chromium alloys to generate a passive layer on
the surface of the prosthetic structures. [16]. There are multiple alloys processing methods
for manufacturing prosthetic structural components. Thus, we can mention the classic and
established method of melting and casting alloy ingots in the refractory mold obtained by
melting construction wax [5].

The accessibility of the melting and casting processing method makes these materials
suitable for a wide range of uses. The durability of cast prosthetic structures represents the
ability of the material to preserve its properties in the functional context, but also in the
environment in which it was designed to be used [17–19].

The first report of Co-Cr alloys processing by refractory casting was in 1936, thirty years
after William Taggart practically invented the method of casting inlays using gold. However,
the casting method or the lost wax method is still popular in dental technique [5,20]. This
method is time consuming and involves considerable variables related to the technological
process [21]. Following the direct construction method (DC) as well as the refractory
duplicate method (RD), results a structural component that requires mechanical adaptation
to merge into a prosthetic assembly of structures. [5].

The method of casting over metal (CoM) is a method that wants to undermine the
refractory duplicate and the mechanical adaptation in order to assemble the prosthetic
frameworks components, increasing the joining precision between the assembled prosthetic
works (APW) and reducing the working time that is usually llocated to obtain the joining
precision between the prosthetics frameworks.

2. Materials and Methods

The materials used for analysis were dental frameworks fabricated from casting Co-Cr
alloys. Dental alloys are delivered by industrial alloy manufacturers in the form of metal
cylinders with a section diameter (d) of 0.5 cm2 and height (h) of 0.8 cm. These alloys
are used as raw material in dental laboratories and will be used as starting samples in
experimental activity.

The alloys that we used were different in terms of both the mass percentage of each
main alloying element (Co, Cr) and the secondary alloying elements (Mo, W, Fe). These
can be identified under the trade name: Super C alloy (Dental Alloy Products) called 0-A
(Co-Cr-Mo), Wirobond C alloy (Bego Gmbh) called 5-A (Co-Cr-Mo-W), Heraenium P alloy
(Heraeus Kulzer) called 10-A (Co-Cr-Mo-W), Heraenium Pw alloy (Heraeus Kulzer) called
15-A (Co-Cr-W-Fe) and Starloy Soft (Dentsply) alloy called 16.4-A (Co-Cr-W-Fe).

The components of the alloys and their percentages in the alloys is presented in Table 1.
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Table 1. The component elements of the analyzed alloys and the mass percentage of each element; (x,
percentage less than 1; - element not present) (0-A [22], 5-A [23], 10-A [24], 15-A [25] and 16.4-A [26]).

Alloy A Co Cr Mo W Fe Si C Mn N Ce Nb

0-A 59.5 31.5 5 - x 2 - x - -

5-A 61 26 6 5 0.5 1 0.02 - - 0.5 0.9

10-A 59 25 4 10 - 1 - 0.8 0.2 - -

15-A 55.2 24 - 15 4 1 - 0.8 x - -

16.4-A 54.1 20 - 16.4 7.5 1.5 - 0.3 - - 0.2

The properties of each alloy are different, depending on the alloying elements and
their mass percentage in the alloy (Table 2).

Table 2. Properties of the analyzed alloys as cast condition (hardness, thermal expansion coefficient,
elasticity modulus, bending strength, elongation resistance) (0-A [22], 5-A [23], 10-A [24], 15-A [25]
and 16.4-A [26]).

Alloy A Hardness
(HV10)

TEC µm/mK
(25–500 ◦C;
25–600 ◦C)

Elasticity
Modulus GPa

Bending
Strength (0.2%)

MPa

Percentage
Elongation %

0 280 14.3–14.8 160 450 9

5 315 14.3 180 440 16

10 330 13.8 200 650 8

15 290 14.3 208 530 8

16.4 280 14.6–14.9 200 550 12
TEC thermal expansion coefficient.

Prosthetic frameworks are unique elements, customized according to the particular
features of each patient (Figure 1).
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Figure 1. (a). Framework of structure P on the laboratory cast; (b). Preparation of the framework
for coating and obtaining the refractory mold, by attaching the frameworks of the casting channels;
(c). Sample P.

In order for this study to be relevant, it was necessary to standardize the design of
the fixed framework (Pa) in terms of shape and volume so that the experiment could be
reproducible for the all five alloys introduced in study and for three methods used to
fabricate complementary frameworks (Pb).

The experimental activity on unique framework can only be relevant by constructing a
standard framework and reproducing it in series mode to ensure experimental reproducibility.
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P-type standard frameworks were mechanically prepared by guided milling of the
assembly area, using a parallel milling machine (AF-350—Amann Girrbach-Austria) and
mechanically polished.

During milling, the assembly surface of the P-type framework was rectified in order
to obtain a non-retaining surface (≥0◦).

The milling of the assembly surface of the cast framework was done in a single vertical
axis using metal cutters mounted in the chuck of the AF350 machine micromotor.

The rectification protocol involved the entire assembly surface of the P framework,
starting with the vertical wall and the lower sill, the bilateral wells and the upper shoulder.

The milling of the vertical wall was performed using a cylindrical milling cutter with
an active hemispherical head. By milling, the semi-round threshold was profiled with the
rectification of the wall surface (Figure 2).
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Figure 2. (a). The casting of P structure before milling; (b). The P structure during milling; (c). The
surface of the vertical wall rectified by milling.

Figure 2b shows the difference in surface texture between the cast framework and the
milled ground surface (0◦). The semi-round profiled sill was formed by inserting the drill
into the P framework the depth of 1

2 of its thickness (Figure 2c). The P framework was
positioned as parallel as possible to the vertical axis of the drill (Figure 2a).

The milling of the shoulder at an angle of 2–3◦ profiled a second vertical wall. The
shoulder direction followed a contour in the shape of “Ω” in order to obtain a unique
axis for coupling the complementary parts to the detachable assembly of prosthetic
framework (Figure 3).
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Figure 3. (a–c). Milling of the shoulder m (different perspectives); (d). Bilateral milling of
vertical wells.

At the left and right extremities of the assembly surface, two vertical wells were
ground by milling. Milling was done using a cylindrical milling cutter with a straight,
inactive head (Figure 3).

After rectifying the assembly surface by milling, it was polished until the mirror
texture was obtained (Figure 3d). The protocol was performed for both P cast frameworks.

For the shape design reproducibility of the framework included in the study, the
P framework was imprinted in silicone for duplication.
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The series production of the models for the P framework was done in a silicone mold,
using polymethyl methacrylate (powder: monomer) (Figure 4).
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Figure 4. (a). Preparation of the P framework in the cylindrical shaper; (b). The silicone material into
the conformer, over framework P; (c). Framework P from the duplicating mold; (d). Mold for the
internal shape of the model; (e). Mold for the external shape of the model; (f). Preparation of the
resin material in the plastic phase; (g). Material into the mold; (h). Mold mounting in a mechanical
press system by screw; (i). Framework after the setting of the layout material; (j). Framework with
press burrs.

Ma framework wax models were coated in refractory material (Bellavest SH, Bego
Goldschlagerei Gmbh, Bremen, Germany) and heat treated to obtain the refractory mold.
In the refractory mold, the Pa frameworks were casted in molten alloy in series mode for
each of the 5 alloys under study (Figure 5).
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Figure 5. Diagram of the transition from framework P (individual framework) to the series production
of Pa frameworks by using the Ma framework wax model.

For each Pa framework (0-Pa, 5-Pa, 10-Pa, 15-Pa and 16.4-Pa), a complementary
frameworks was obtained, using three different methods:

- refractory duplicate method (RD)
(0-Pb, 5-Pb, 10-Pb, 15-Pb, 16.4-Pb)

- direct construction and framework detachment method (DC)
(0-Pb-, 5-Pb-, 10-Pb-, 15-Pb-, 16.4-Pb-)

- direct casting over metal method (CoM)
(0-Pb+, 5-Pb+, 10-Pb+, 15-Pb+, 16.4-Pb+)

2.1. Refractory Duplicate Method-RD

The complementary framework was obtained by the refractory duplicate method,
based on a duplicate composed of refractory material for the framework Pa.

The duplicating impression was made by putting silicone in a conformer, over the Pa
framework that was positioned at the base of the conformer (Figure 6a). After the silicone
had seting, the conformer was opened, and the Pa framework was removed by extraction
from the silicone (Figure 6b).

Prosthesis 2021, 3, FOR PEER REVIEW 6 
 

 

 
Figure 5. Diagram of the transition from framework P (individual framework) to the series produc-
tion of Pa frameworks by using the Ma framework wax model. 

For each Pa framework (0-Pa, 5-Pa, 10-Pa, 15-Pa and 16.4-Pa), a complementary 
frameworks was obtained, using three different methods: 
- refractory duplicate method (RD) 

(0-Pb, 5-Pb, 10-Pb, 15-Pb, 16.4-Pb) 
- direct construction and framework detachment method (DC) 

(0-Pb-, 5-Pb-, 10-Pb-, 15-Pb-, 16.4-Pb-) 
- direct casting over metal method (CoM) 

(0-Pb+, 5-Pb+, 10-Pb+, 15-Pb+, 16.4-Pb+) 

2.1. Refractory Duplicate Method-RD 
The complementary framework was obtained by the refractory duplicate method, 

based on a duplicate composed of refractory material for the framework Pa. 
The duplicating impression was made by putting silicone in a conformer, over the Pa 

framework that was positioned at the base of the conformer (Figure 6a). After the silicone 
had seting, the conformer was opened, and the Pa framework was removed by extraction 
from the silicone (Figure 6b). 

These methods try to transpose a positive relief into a negative mold, from a metal 
part to another metal part by using a refractory duplicate. 

The refractory duplicate was made by inserting the material into the duplicating im-
pression (Figure 6c). After the material had set, it was extracted from the impression (Fig-
ure 6d). 

 
Figure 6. (a). Duplication of the Pa framework; (b). duplicating impression; (c). insertion of the re-
fractory material in the duplicating impression; (d). refractory duplicate dPa. 

The complementary framework wax model was built on the assembly surface of the 
refractory duplicate so that it retrieved the relief of the assembly surface in the negative 
shape (Figure 7). 

Figure 6. (a). Duplication of the Pa framework; (b). duplicating impression; (c). insertion of the
refractory material in the duplicating impression; (d). refractory duplicate dPa.

These methods try to transpose a positive relief into a negative mold, from a metal
part to another metal part by using a refractory duplicate.

The refractory duplicate was made by inserting the material into the duplicating impression
(Figure 6c). After the material had set, it was extracted from the impression (Figure 6d).

The complementary framework wax model was built on the assembly surface of the
refractory duplicate so that it retrieved the relief of the assembly surface in the negative
shape (Figure 7).
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Figure 7. (a). The refractory duplicate of the Pa framework; (b). Making the model for the comple-
mentary framework Pb.

The complementary framework wax model was coated together with the refractory
duplicate, in order not to be deformed during handling or due to the heat, as it was made
of wax. By heating, the coating was transformed into a refractory mold.

2.2. Direct Construction and Framework Detachment Method-DC

The hypothesis of the most accurate transposition of the relief of the assembly surface
from the Pa framework to the complementary framework must involve a method as
direct as possible. Therefore, the fabrication of born-out acrylic resins model, by direct
construction on the assembly surface of Pa framework, will copy the positive relief on
the internal surface of the Mb- framework resin model and transferred in a negative
refractory mold.

The acrylic resin material was deposited on assembly surface of Pa framework
(Figure 8a) using a metal tool (Figure 8b), and after the setting of the material (Figure 8c),
the Mb- framework resin model was detached from the assembly surface of the Pa frame-
work (Figure 8d). If the assembly surface is retentive, the Mb- resin model is damaged
during the detachment from the Pa framework. Then is necessary to rectify the Pa frame-
work assembly surface and to repeat the resin construction maneuver, in order to validate
the nonretentive shape of the assembly surface.
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Figure 8. (a). Pa framework; (b). Deposition of resin material on the assembly surface of the Pa
framework; (c). Making the handle and setting of the material; (d). Detachment by traction of the
resin model from the assembly surface; (e). Framework resin model of the detached Pb framework
(indicating a non-retentive assembly surface).

The resin deposited on by construction the assembly surface has no exothermic
reaction during the setting of the material, and thus, the deformation at the transition from
plastic phase to solid phase is minimal (Figure 8e).
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The geometry of the assembly surface was transferred to the refractory material using
the Mb- resin model that was coated, in order to achieve the refractory mold. Similar to the
refractory duplicate method, the material errors occur during the coating of the refractory
material and cooling of the molten and cast alloy. The complementary cast framework Pb-
requires mechanical processing by cutting in order to adjust the insertion and assembled
with Pa framework.

2.3. Casting over Metal Method—CoM

In the hypothesis of transferring the geometry of the assembly surface from the Pa
framework to the complementary framework, the use of a method by which the molten
alloy is cast in the mold directly over the assembly surface of the Pa framework was tested.

Thus, the direct wax construction of the Mb+ wax model was performed on the
assembly surface of the Pa framework (Figure 9b).
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Figure 9. (a). Direct wax-based construction, without detachment of the framework (Mb +);
(b). construction method of waxing up.

The Mb+ wax model did not detach from the assembly surface of the Pa framework,
after the completion of the framework (Figure 9a).

The framework was coated in refractory material together with the Pa framework in
the assembled position with the Mb+ wax model.

The steps for obtaining the refractory mold by heat treatment of the coating were
performed. The molten alloy was cast into the refractory mold which also contained the Pa
insert framework.

The molten alloy came into contact with the assembly surface of the Pa framework
and directly took its shape. The cooling of the complementary cast framework was made
in contact with the Pa framework, thus resulting an assemble of frameworks.

2.4. Fabrication of the Casting Mold Based on the Born-out Models Obtained by the 3 Proposed Methods

The born-out models of the complementary frameworks, made by the three construc-
tion methods, were coated together, in order to obtain five refractory molds, one for each
of the five alloys under study.

Thus, the following born-out models were prepared for coating (Figure 10):

- the wax model of the complementary framework modeled indirectly, on the refractory
duplicate (Mb/dPa)

- the resin model of the complementary framework modeled directly on the Pa frame-
work and detached after layout (Mb-/Pa)

- the wax model of the complementary framework modeled directly on the Pa frame-
work and not detached after layout (Mb+ Pa)
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Figure 10. (a). The Mb+ wax model and the Pa framework, Mb- resin model, prepared for coating by
connecting the casting channels to the model; (b). The DMb wax model ready for coating together
with the refractory duplicate.

After transforming the coating into a refractory mold using a furnace (Meditherm
100MP, Bego Goldschlagerei Gmbh, Bremen, Germany), all five alloys were melted and
casted into the moulds using an induction melting dental casting machine (Fornax T, Bego
Goldschlagerei Gmbh., Bremen, Germany).

After the alloy casting step, the molds with the alloy cast inside were allowed to cool
slowly until the temperature equilibrated with ambient temperature.

Detachment of the casting pieces from the mold was done by damaging the mold
by mechanical methods; then, the casting was cleaned by blasting with aluminum oxide
(Al2O3) with a granulation size of 175 µm using a fine sandblasting unit (Basic classic,
Renfert, Europe).

The following complementary frameworks were found attached to the casting
cone (Figure 11):

- dPb (complementary framework modeled on the refractory duplicate dPa);
- Pb- (complementary framework modeled directly on the Pa framework and detached);
- Pb+ (complementary framework modeled directly on the Pa framework and coated

together with it);
- Pa (insert framework Pa, which was part of the refractory mold in order to cast the

Pb+ framework).
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Figure 11. (a,c). The assembly surface of the Pb+ framework after detachment from the mold; (b).
The assembly surface of the Pa framework after detachment from the mold; (d). Casting of Pb
frameworks, made by different methods and Pa insert framework.

After detachment from the mold, the Pa framework remained included in the casted
piece. The Pa framework was subjected to percussion blows in the vertical axis, in order to
detach it from the complementary framework (Pb+) to which it was assembled (Figure 11).
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For three Co-Cr alloys (5-A, 10-A and 15-A), the complementary frameworks (5-Pb+,
10-Pb+ and 15-Pb+) ws successfully detached from the assembly surface of the Pa frame-
works (5-Pa, 10-Pa and 15-Pa) (Figure 12a) and fine sandblasted (Figure 12b).
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Re-assembly of the complementary framework Pb + with the Pa insert framework, in 
the cases of 3 alloys (5-A, 10-A and 15-A) did not require mechanical adjustments. By pol-
ishing the assembly surfaces at the level of both components of the removable assembly 
of prosthetic frameworks, the joint could be considered passive (Figure 14a,b). 

For the 0-A and 16.4-A alloy castings, the detachment of the complementary frame-
works (0-Pb+ and 16.4-Pb+) from the Pa insert frameworks (0-Pa and 16.4-Pa) was not 
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The two complementary frameworks were assembled non-detachably (Figure 14c) 
after direct casting of the alloy over the assembly surface of the Pa insert framework; 

Figure 12. (a) Separation of the Pb+ and Pa framework, after detachment from the mold; (b) assembly
surfaces, after sandblasting.

Deformations of the complementary framework dPb and Pb- were identified (Figure 13a);
therefore, the assembly surface had to be adjusted by mechanical processing in order to
make possible the insertion and assembly of the frameworks(Figure 13).
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Figure 13. (a). Insertion of the Pb- framework on the surface of the Pa framework after uncoating;
(b). The surface of the Pa framework sprayed with adaptation marker; (c). Printing the marker
on the friction areas with the assembly surface of the complementary framework Pb-; (d). Vertical
advancement of the joint between parts Pa and Pb-; (e). The distance between the parts during the
adjustment process.

For this purpose, a powder spray was used (Figure 13b-green). The deformed area
was marked by spraying the assembly surface of the Pa framework followed by the
insertion of the complementary framework (dPb or Pb-). By mechanical processing with
metal cutters, rotatably driven on the chuck of a dental laboratory micromotor (Forte
200α, ShaeShin, Korea), the gradual and progressive assembly of the two structures was
performed (Figure 13d,e).

Re-assembly of the complementary framework Pb+ with the Pa insert framework,
in the cases of 3 alloys (5-A, 10-A and 15-A) did not require mechanical adjustments. By
polishing the assembly surfaces at the level of both components of the removable assembly
of prosthetic frameworks, the joint could be considered passive (Figure 14a,b).
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Figure 14. Assembly of prosthetic frameworks made by CoM method. (a,b). Detachable prosthetic
frameworks; (c). Non-detachable prosthetic frameworks.

For the 0-A and 16.4-A alloy castings, the detachment of the complementary frame-
works (0-Pb+ and 16.4-Pb+) from the Pa insert frameworks (0-Pa and 16.4-Pa) was not
possible (Figure 14c).

The two complementary frameworks were assembled non-detachably (Figure 14c)
after direct casting of the alloy over the assembly surface of the Pa insert framework;
although the retentivity test was negative, the Mb- resin model (0-Mb- and 16.4-Mb-) was
successfully detached from the assembly surface (Figure 8e).

For the 0-A and 16.4-A alloys, it was not possible to perform the assembly tests
for the frameworks made by the other two methods than CoM method, because the Pa
insert frameworks (0-Pa and 16.4-Pa) remained captured in the casting complementary
framework (Figure 14c).

Detachment of the Pa insert frameworks (5-Pa, 10-Pa and 15-Pa) from the casting
enabled the testing of the assembly with the other complementary cast frameworks as dPb
(5-dPb, 10-dPb, 15-dPb) and Pb- (5-Pb-, 10-Pb-, 15-Pb-) (Figure 14b).

The process of adjusting the insertion and assembling the components of the assem-
bled prosthetic frameworks is still available for 3 from 5 alloys remined in the remaining
in the study (5-A, 10-A and 15-A). The time of the process has been measured by a digital
chronometer, providing the time consuming in the dental laboratory for those activities.

After all the prosthetic framework assembles has been in the position assembled stage,
they were horizontally rotary cuting using a 0.5 mm rotary silicon carbide (SiC) disc at
speed of 15,000 rpm and then finished using sandpaper (500, 1200), so that they could be
analyzed at the assembled area between components.

Using the specific Software (Soft Imaging System, Olympus) attached to the stereo
microscope (Olympus GX51), micrographic segments were captured and the gaps were
measured. The measurements were made on micrographic segments at 200× magnification.

3. Results

The time allocated to the adjustment process (mechanical processing and sandblasting)
in order to assemble the two components was between 43-70 min, even though the assembly
between the Pa framework and the complementary framework Pb+ was not necessary
(dPb and Pb-), CoM method (Pb+) facilitating the elimination of this step.

For the 0-A and 16.4-A alloys (Table 3-red) the adjustment could not be performed
because the Pa framework remained captured in the casting of the complementary frame-
work. The adjustment processes for the 15-A alloy cast framework obtained the best times
43 min true DC method and 51 min, through RD method. The adjustment process for the
10-A alloy cast frameworks required the longest times, 56 min for the framework fabricated
through the DC method and 70 min for the framework fabricated through the RD method.
The adjustment processes for the cast frameworks of 5-A alloy required average times,
54 min for the framework fabricated through DC method and 48 min for the framework
fabricated through RD method.
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Table 3. Time required for the adjustment of the complementary frameworks, in order to obtain the
assembly with the surface of the Pa framework (S1, S2 and S3 are sandblasted time steps in minutes
of process, S-total time of sandblasted process, MP1, MP2 and MP3 are the time steps in minutes
of mechanical processing process, MP-total time for mechanical processing process, T-total time
for adjustment).

Assembles S1
min

MP1
min

S2
min

MP2
min

S3
min

MP3
min

S
min

MP
min

T
min

0-Pa/dPb

0-Pa/Pb-

0-Pa/Pb+

5-Pa/dPb 1 21 1 17 1 13 3 51 54

5-Pa/Pb- 1 18 1 16 1 11 3 45 48

5-Pa/Pb+ 0 0 0 0 0 0 0 0 0

10-Pa/dPb 1 35 1 13 1 19 3 67 70

10-Pa/Pb- 1 22 1 16 1 15 3 53 56

10-Pa/Pb+ 0 0 0 0 0 0 0 0 0

15-Pa/dPb 1 19 1 14 1 16 3 49 51

15-Pa/Pb- 1 15 1 14 1 11 3 40 43

15-Pa/Pb+ 0 0 0 0 0 0 0 0 0

16-Pa/dPb

16-Pa/Pb-

16-Pa/Pb+

The working times required for the adjustment of the complementary framework to
the assembly surface of the Pa framework that are presented in Table 3.

Regardless of the 3 alloys (5-A, 10-A or 15-A), the complementary structure Pb+ did
not require adaptation (green). The descending order of the time required for the adaptation
process overlapped with the hardness of the alloys under study (Table 4).

Table 4. The correlation between the times required for mechanical processing and the hardness of
the alloys (5-A [23], 10-A [24], 15-A [25]).

Alloy Average Time Assigned to the Process
Time/Minutes

Alloy Hardness
Vickers (HV10)

5-A 51 315

10-A 63 330

15-A 47 290

For 3 assemblies of prosthetic framework made by 3 methods (RD, DC and CoM)
were analyzed, five images that represent segments of sections (Image 1, Image 2, Image
3, Image 4 and Image 5) with 5 measurements (d1, d2, d3, d4 and d5) in (µm) (Figure 15)
(Tables 5–8) were analyzed.
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RD 101.18 20.44 347.7 
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CoM 8.32 2.64 18.55 
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Figure 15. Images captured from microscope interface and measurements of the gaps between
assembles framework components fabricated through 3 methods.

Table 5. Measurements of the gap (µm) present at the joint between the components of the assembly
of prosthetic frameworks made by the refractory duplicate method-RD.

RD d1
(µm)

d2
(µm)

d3
(µm)

d4
(µm)

d5
(µm)

Mean
(µm)

Standard Deviation
(µm)

Image 1 347.7 181.92 218.56 36.53 137.67 184.48 101.87

Image 2 68.36 98.67 119.61 79.11 20.44 77.24 33.35

Image 3 34.04 56.77 67.69 120.12 141.19 83.96 40.2

Image 4 85.98 82.35 88.96 102.75 108.08 93.62 9.99

Image 5 44.89 61.19 57.11 60.51 109.3 66.6 22.14

Table 6. Measurements of the gap present at the joint between the components of the assembly (µm)
of prosthetic frameworks made by direct construction and resin model detachment method-DC.

DC d1
(µm)

d2
(µm)

d3
(µm)

d4
(µm)

d5
(µm)

Mean
(µm)

Standard Deviation
(µm)

Image 1 191.62 44.89 17.78 89.37 39.98 76.73 61.97

Image 2 32.8 24.98 50.3 74.51 44.37 45.39 17.02

Image 3 60.49 57.76 33.56 40.91 31.06 44.76 12.2

Image 4 28.91 29.42 26.78 15.63 13.12 22.77 6.96

Image 5 14.84 18.48 28.61 30.77 32.68 25.08 7.08

Table 7. Measurements of the gap present at the joint between the components of the assembly (µm)
of prosthetic frameworks made by the casting over metal method-CoM.

CoM d1
(µm)

d2
(µm)

d3
(µm)

d4
(µm)

d5
(µm)

Mean
(µm)

Standard Deviation
(µm)

Image 1 17.15 14.01 10.03 14.59 14.01 13.96 2.28

Image 2 16.66 16.31 18.55 9.24 9.07 13.96 4

Image 3 3.44 4.32 3.78 3.78 5.5 4.16 0.72

Image 4 4.7 4.78 6.16 3.78 4.08 4.70 0.82

Image 5 7.59 4.32 4.59 2.64 5.02 4.83 1.6
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Table 8. Values of the measurements (µm) between components.

Method Medium Size
(µm)

Minimum Size
(µm)

Maximum Size
(µm)

RD 101.18 20.44 347.7

DC 42.94 17.78 191.62

CoM 8.32 2.64 18.55

4. Discussion

Regarding the limitations of this study, in terms of assembled prosthetic structures,
their components are uniquely made for each individual patient.

The high precision of joining between the components of the set of prosthetic structures
can be considered a major plus in the comfort of wearing the prosthetic work by the patient.

New research can be directed towards managing the precision of joining between
prosthetic structures but also the degree of freedom between them so that its assembly can
be a non-traumatic process for the tissues involved in the dental prosthetic field.

Another direction of development and application of CoM method can be the fabrica-
tion of articulated spherical assembly.

About the geometry of classical frameworks’ assemble, the shape of assembling surface is
important and ensures the stability of the assembly of the two joined components (Figure 16).
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In terms of electro-chemical stability of Co-Cr casted alloys, they remain materials of
choice in the manufacture of prosthetic frameworks. The design of the alloy in terms of
the proportion of alloying elements (Co, Cr, Mo, Fe, W), determines a high stability of the
material in the oral cavity.

After processing the Co-Cr alloy by melting and casting, the properties of the material
are preserved.

5. Conclusions

CoM method optimized the working times of the technological process, by eliminating
the adaptation of complementary structures for assembly.

CoM method is valid only for three out of the five studied Co-Cr alloys, due to the
mass percentage of Tungsten an element between 5–15%wt as alloying.

The hardness at the surface of the cast framework influenced the time required for the
adjustment proces, in order to assemble the framework components.

DC method was more efficient than RD method, in terms of the required time.
CoM method improves the joining precision between the assembled components of

the framework prosthetic by 91.7% compared to RD method and by 80.62% compared to
DC method. The difference between the classic RD method and DC method is 57.56%.
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