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RESUMO

O objetivo do presente estudo in vitro foi verificar, através de teste de
cisalhamento, a resisténcia de unido da liga Wironia®light, a base de
niquel-cromo sem berilio, sujeita a diferentes tratamentos de superficie, as
ceramicas Vita VM13 e Noritake. Foram confeccionados oitenta espécimes
cilindricos metalicos, com o auxilio de uma matriz de ago, nas dimensoes
de 4 mm de didmetro por 4 mm de altura. Os espécimes foram divididos
em oito grupos (n=10), de acordo com o tipo de tratamento superficial
aplicado a liga metalica e com o tipo de ceramica testada. Estes foram
avaliados de acordo com os critérios de resisténcia ao cisalhamento e,
com o auxilio de microscopia Optica, foi avaliada a 4rea de ceramica re-
manescente aderida ao metal ap6s a fratura. Os corpos-de-prova do G6
(fabricados em Ceramica Noritake com jateamento-26,401 + 11,637 MPa)
apresentaram maior resisténcia ao cisalhamento (p> 0,05) enquanto
que os menores valores foram registrados no G4 (Ceramica Vita com
utilizacao de broca-13,440 + 7,766 MPa). G6 (19425,4 um2) apresentou
a maior area de ceramica aderida ao metal (p> 0,05) enquanto que o
G4 (2310,2 um2) apresentou a menor area. Concluiu-se que G6 obteve
os valores mais altos de resisténcia ao cisalhamento e de remanescente
ceramico aderido a superficie metalica enquanto que o G4 obteve os
valores mais baixos.

Descritores: RestauracGes metalo-ceramicas; ligas de niquel-cromo;
porcelana dentéaria.
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ABSTRACT

The aim of this in vitro study was to verify, by means of the shear test, the bonding strength
of Wironia® light nickel-chrome alloy without beryllium, subjected to different surface
treatments, to Vita VM13 and Noritake ceramics. Eighty cylindrical metal specimens were
manufactured with aid from a steel matrix, measuring 4 mm in diameter by 4 mm height.
The specimens were divided into eight groups (n=10), according to surface treatment applied
to the metal alloy and type of ceramic tested. These were evaluated in accordance with shear
strength criteria and, with the aid of optic microscopy the remained ceramic area adhered to
metal after fracturing was evaluated. Specimens of G6 (manufactured with Noritake Ceramic
treated with airborne particle abrasion-26.401 + 11.637 MPa) presented the highest shear
bond strength (p> 0,05), whereas the lowest values were recorded for G4 (the Vita Ceramic
specimens bur treated -13,440 + 7,766 MPa). G6 (19425,4 um2) presented the biggest cera-
mic area adhered to metal (p> 0,05), whereas G4 (2310,2 um2) presented the small area. In
conclusion, G6 had the highest values for shear bond strength and metal adhere to surface,

whereas G4 had the lowest values.

Descriptor: Metal-ceramic restorations, nickel-chrome alloys, dental porcelain.

INTRODUCTION

Modern Dentistry has a large quantity of
materials and techniques at its disposal for
restoring lost dental elements, in an endeavor
to respect biological and esthetic aspects, and
to preserve the remaining dental structure
as far as possible (ARAUJO, 2006)

Dental ceramic is an excellent esthetic
material capable of mimicking the texture,
color and translucence of the dental struc-
ture. However, because it has a high hard-
ness index, that causes enamel abrasion of
the antagonist teeth, and it is susceptible
to fracture, the application of completely
ceramic dentures is restricted (ANUSAVICE
& RINGLE et al., 1977).

With the aim of minimizing the risk of
fracture of the parts and preserving the dental
structure during prosthetic rehabilitation,
metal-ceramic systems were developed,
in which the porcelain is sinterized onto a
metal infra-structure, and this has shown
reliable chemical bond, high mechanical
strength and good esthetic characteristics
(MCLEAN, 2001).

Porcelain bond to metal is due to chemi-
cal, physical and mechanical forces (DEKON
& GOIATO et al., 2002). All these processes

depend on the wettability of the metal sur-
face with porcelain during the sinterization
process(MCLEAN, 2001), and it is impera-
tive for the alloys to have properties that
are compatible with those of the ceramics,
so that bonding occurs in the best man-
ner (FERNANDES NETO & PANZERI et al.,
2006). The alloy surface preparation, its
composition and the type of ceramic cooling
are also interfering factors that must be
taken into consideration in the results of the
bond strength tests between the alloy and
porcelain (FERNANDES NETO & PANZERI
et al., 2006).

The nickel-chrome alloys have been
frequently used for making fixed metal-ce-
ramic dentures because they cost less than
gold alloys (VASCONCELLOS & GIOVANI et
al., 1999) and do not require sophisticated
equipment with sensitive casting procedures,
as titanium alloys do (ARAUJO, 2006).

In this context, the aim of this study
was to assess the metal bond strength of
a nickel-chrome alloy without beryllium,
to two types of dental ceramics used in
metal-ceramic restorations, subjected to
different surface treatments, and to verify
the quantity of ceramic remaining adhered
to the metal surface.
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MATERIAL AND METHODS

Eighty metal cylinders, measuring 4 mm
in diameter by 4 mm high were waxed
with the aid of a stainless steel matrix
(Figure 1) and cast in nickel-chrome alloy
without beryllium, Wironia®light (Bego
- Bremen, Germany).

After being removed from the lining
and cut from the sprue, the test specimens
were steam cleaned subjected to no tre-
atment (Figure 2A) or had received the
following different surface treatments: use
of a cylindrical diamond bur 835.104.016
(Komet - Germany) (Figure 2B), mounted
on a straight part; 55% fluorhydric acid
(Dentsply-Brasil) etching for 5 minutes
(Figure 2C); aluminum oxide airborne

particle abrasion (so0um) (Figure 2D).

Specimen surfaces were analyzed by
Scanning Electronic Microscopy (SEM LEO,
model S440) equipped with an X-ray spec-
trometry system (EDS) (Oxford Link, model
ISIS) for microanalysis (Figure 3).
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FIGURE 1

Eighty wax patterns
were obtained
through direct
molding from a
stainless steel
matrix. A - Wax
adapted inside

the stainless steel
matrix, B - metal rod
triggered to remove
the wax pattern:

C - Wax pattern
completed.

FIGURE 2

SEM images of
different surface
treatments on test
specimens.

A. Control with
no treatment.

B. Cylindrical
diamond bur. C.
55% fluorhydric
acid (Dentsply-
Brasil) etching
for 5 minutes. D.
Aluminum oxide
airborne particle
abrasion (50 um).
(Scale:

10 um/1KX).

FIGURE 3
Energy dispersive
spectrometry

of X-rays,
demonstrating
the clear metal
surface area and
the dark area in
the precipitation
of oxides (scale: 10
um/1KX).
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CERAMIC APPLICATION
AND FIRING

With the aid of a stainless steel matrix isolated
with an insulating agent for ceramic (VITA—
Bad-Sackingen, Germany), the ceramics Vita
VM 13 (Vita — Bad-Sackingen, Germany),
with their pre-opaque (Wash Opaque, Vita
VM 13, Vita — Bad-Sackingen, Germany), and
ceramic Noritake EX-3 (Noritake Kisai Co.
— Nagoya, Japan) were applied to ten speci-
mens of each type of surface treatment, using
the incremental technique, in accordance with
the manufacturers’ recommendations.

SHEAR TEST

All of the eighty test specimens, with their different surface treatments and ceramics were
inserted into the matrix and taken to an EMIC, model DL 10.000 universal mechanical tes-
ting machine belonging to the Military Engineering Institute — IME - in order to perform
the shear test (Figure 4). The force of a 50 Kgf load cell was applied on the exposed ceramic
at a speed of 0.5 mm/min and shear fracture strength was recorded in MPa. After fracture
of the test specimens, the areas of the ceramic remainders adhered to the metal were mea-
sured in um2, by image analysis, with the aid of an optic microscope (ZEISS - Stemi 200C,
Gottingen, Germany).

FIGURE 4

Shear test.
Matrix with the
specimen inside
(A), attached to
aluminum device
(B), with the
ceramic portion
receiving the load
of the active tip
and flat device (C).

RESULTS

Table 1 shows the bond strength means obtained with the different types of surface treatment
performed on the metal surface, recorded in MPa. After concluding the shear test, the remai-
ning ceramic area adhered to the metal was measured with the aid of an optic microscope,
and the measurements are shown in Table 2.

. Standard
Ceramic Surface treatments Deviation
Gl No treatment 26.350 6.511
G2 Aluminum Oxide airborne 25.154 4.760
VITA particle abrasion
G3  Fluorhydric acid etching 17.604 9.009
G4  With bur 13.440 7.766
G5 No treatment 21.981 6.361
G6 Aluminum Oxide airborne 26.401 11.637
NORITAKE particle abrasion
G7  Fluorhydric acid etching 21.973 4.512
G8  With bur 25.928 8.005
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TABLE 1

Bond strength
means (MPa)

and standard
deviations of two
ceramic groups
with different
metal surface
treatments.



Ceramic Surface treatments Mean Szav?:tai;?‘
Gl Notreatment 6817.00 3311.90
G2 Aluminum Oxide airborne 15734.10 4468.80
VITA particle abrasion
G3  Fluorhydric acid etching 18827.60 9628.99
G4  With bur 2310.20 1518.44
G5 Notreatment 15379.90 9220.10
G6 Aluminum Oxide airborne 19425.40 8365.68
NORITAKE particle abrasion
G7  Fluorhydric acid etching 11038.50 5296.72
G8  With bur 12536.80 5783.27

The mean shear strength values were
submitted to Shapiro-Wilk test that revealed
p- value higher than 0.05 for all the groups,
characterizing a normal distribution, allo-
wing the analysis of variance (ANOVA) to be
performed, in which a statistically significant
difference was verified among the samples
assessed (p<0.05).

The Tukey multiple comparison test,
used to compare each group with the others,
showed the existence of two homogeneous
groups. The first homogeneous group was
composed of G4 (13.440 + 7.766 MPa), G3
(17.604 + 9.009 MPa), G7 (21.973 + 4.512
MPa), and G5 (21.981 + 6.631 MPa). Whe-
reas the second homogeneous group was
composed of the groups G1 (26.350 + 6.511
MPa), G6 (26.401 + 11.637 MPa), G8 (25.928
+ 8.005 MPa), and G2 (25.154 + 4.760 MPa),
associated with the first homogeneous group
excluding the data of G4. Therefore, the test

specimens of G6 (26.401 + 11.637 MPa)
showed higher shear bond strength values,
while the specimens of G4 (13,440 + 7,766
MPa) showed the lowest results.

As regards the mean values of the ceramic
remainders found, normal distribution was
not observed in all the groups and it was not
possible to perform parametric analysis.
Thus, when analyzing the results with the
normality test, it was found that there was
no normal distribution (p>0.05) for G3.
With the application of Kruskall-Wallis test,
significant differences were found among
the groups. Through the median analysis, it
was concluded that G5 and G7 constitute a
group, and G3 and G6 form another group,
both being homogeneous. Furthermore, the
specimens of G6 (19425.4 pm2) maintained
the highest value of ceramic area adhered to
metal while the samples of G4 (2310.2 pm2)
obtained the lowest area.
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TABLE 2
Mean values
of ceramic
remaining
adhered to the
metal surface
in micrometers
(nm)
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DISCUSSION

Ceramic bonding to metal is performed during
firing of the part, when the pores of the crys-
talline structure of the metal open, into which
the fluid agents of the ceramic penetrate and
remain fixed after cooling (NASCIMENTO &
MARTINELLI et al., 2003). This is attributed
to physical factors such as the Van der Walls
forces, chemical bond, and mechanical inte-
raction (SILVER & KLEIN et al., 1956).

In addition to the good clinical results
and mechanical strength obtained (CHONG
& BEECH, 1980), nickel-chrome alloys, when
free of beryllium, allow the formation of a
homogeneous layer of oxides, favoring the
metal/ceramic bond (RESKALLA & CHAVES
FILHO et al., 2005). It also has reduced toxi-
city when exposed to the oral environment
(LIN & BOWERS et al., 2008, BEZZON & RI-
BEIRO et al., 2001) due to its high resistance
to corrosion(CHONG & BEECH, 1980).

Because it is a handcrafted process with
dozens of variables to be accurately controlled,
a metal-ceramic prosthesis must be made in
accordance with the highest standards that
regulate the laboratory stage, in order to
avoid bond failure between the two materials,
which in these cases, is usually associated
with mechanical and chemical factors.

In the test developed by Itinoche in 1999
(TANGO & JOIAS et al., 2006),which uses
cylindrical test specimens with ceramic su-
perimposed on metal, it is necessary to stan-
dardize the specimens in order to obtaining
reliable results. This is made feasible by
using a stainless steel matrix that serves as
a mold when making the samples, and for
performing the mechanical test. Moreover,
in this type of test, a lower probability of
creating residual stress on the interface is
observed; if this is associated with the shear
forces, it could mask the results of the study
(TANGO & JOIAS et al., 2006).

In their studies, Huang (2003) e Tango
(2006) observed considerable metal/ceramic
bond strength values in specimens treated
with aluminum oxide airborne particle abra-
sion. In this research similar results were
found, which can be attributed to airborne
abrasion being capable of removing the excess
unstable oxide layers formed during alloy
casting, leaving the metal surface encrusted
with aluminum that has a homogeneous com-
position and roughness, making it ideal for
bonding (MACKERT & RINGLE et al., 1988).

This homogeneity of the oxide layer on the
metal enables the wettability by the surface
ceramic (ARAUJO, 2006, ANUSAVICE &
RINGLE et al., 1977, MCLEAN, 2001, RINGLE
& FAIRHURST et al., 1979) with consequent
diffusion of the metal ions, such as chrome
and aluminum from the porcelain, forming
an intermediate interface or layer (WARPEHA
& GOODKIND, 1976). Thus, the oxide layers
formed must probably have been sufficiently
thick (DEKON & GOIATO et al., 2002) to
allow the perfect dissolution of ions, with
interdigitations of the intermediate layer
on the metal, resulting in good bonding
(LUBOVICH & GOODKIND, 1977).

In the SEM image associated with energy
dispersive X-ray spectrometry, the specimens
that did not receive surface treatment showed
alayer of oxide distributed irregularly on the
metal, with high silicone content that diffused
from the alloy to the surface during casting.
In spite of the literature being unanimous
in emphasizing the need for removing the
excess oxides formed on the metal surfa-
ce to form an ideal interface for bonding
Groups G1 (26.350 + 6.511 MPa) and G5
(21.981 + 6.361 MPa) showed good results
(ARAUJO, 2006, ANUSAVICE & RINGLE et
al., 1977, FERNANDES NETO & PANZERI
et al., 2006, LIN & BOWERS et al., 2008,
HUANG, 2003, LUBOVICH & GOODKIND,
1977). Since the purpose of the study did
contemplate measuring the thickness of
the oxide layer shown in these specimens,
there are several relevant factors to consider
with regard to metal bonding to ceramic.
Therefore, the satisfactory results may be
justified by the action of factors such as: the
harmonious interaction of thermal expansion
coefficients that did not cause stress on the
ceramic, inducing cracks (VASCONCELLOS
& GIOVANI et al., 1999, MACKERT & RINGLE
et al., 1988), and adequate cleaning of the
metal surface, imperative for eliminating
grease coming from handling, by means of
using the steam (DEKON & GOIATO et al.,
2002) appliance to perform careful cleaning
in this study.

Although metal surface treatment for
formation of the interface was contemplated
in this study, and the test specimens were
not immersed in acid solutions, the result
was similar to the findings of Aratijo (2006);
Huang (2003); Ringle et al. (1979) showing
some points of corrosion on the metal surface.
Some authors consider values above 10 MPa
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clinically acceptable for shear bond strength
in metal/ceramic bonding (CHONG & BEECH,
1980). The nickel-chrome-based alloys with a
high chrome (> 12%) and molybdenum (> 5%)
content, such as the one used in this study,
allows the formation of more stable oxide layers
that are more resistant to corrosion(HUANG,
2003), forming fewer defects on their surfa-
ces1. The application of fluorhydric acid for
5 minutes was capable of altering the metal
surface, causing a diminished oxide layer, but
not allowing it to become deficient or have
an excess of failures that would interfere in
bonding (MACKERT & RINGLE et al., 1988,
LUBOVICH & GOODKIND, 1977, SCOLARO &
VALLE, 2002).

Alteration of the metal surface by the in-
crease in roughness generated by the diamond
bur does not necessarily mean an increase
in fracture strength since this, among the
mechanical interactions that occur, is the
least important (LUBOVICH & GOODKIND,
1977). Therefore, roughness created by the
bur could be excessively irregular, causing
discontinuity of oxide layers, making sur-
face wettability difficult and compromising
bonding (Aratjo, 2006). The use of diamond
burs also leaves residues on the metal sur-
face, since they are embedded in the alloy,
prevent the correct diffusion of ions creating
bubbles at the interface during porcelain
firing, which weaken the bond (RINGLE &
FAIRHURST et al., 1979). Moreover, it was
shown that the air-particle abrasion group
exhibited significantly higher shear bond
strength when compared to drilled group
(DO NASCIMENTO & KIRSTEN MIANI et al.,

2012). However, the superior result of G8 when
compared with G4 may be attributed to the
uniformity of roughness and non-interference
of other forces that regulate bonding.

It is important to emphasize the difference
in ceramic processing; that is, Vita received a
pre-opaque and opaque application (powder/
liquid), while Noritake only received an opaque
application (paste) because its kit does not
contain a pre-opaque application. Although it
was not the aim of this study, it could be that
in spite of performing the ceramic application
in accordance with the manufacturer’s recom-
mendations, the pre-opaque application may
have interfered in the results.

In this study, few specimens showed co-
hesive fracture, and in the majority of cases,
there were samples with total and partial
debonding of the ceramic, corroborating the
results of Scolaro and Valle (2002) who found
samples with ceramic completely debonded
from the metal. When the ceramic loosened
from the metal, the failure occurred in the
bond between the metal and oxide layers
(SCOLARO & VALLE, 2002); and when there
was ceramic remaining adhered to the metal,
the problem was between the interface and the
porcelain (ANUSAVICE & RINGLE et al., 1977,
MACKERT & RINGLE et al., 1988). It seems
to be clear that the higher the bond strength
between the materials is, the larger will be
the quantity of ceramic remaining adhered
to the metal. Therefore, it may be observed
that G6 offered higher shear bond strength
and a larger area of adhered ceramic, while
G4 showed lower shear bond strength values,
with a reduced area of adhered ceramic.

CONCLUSION

Within the limitations of the methodology applied, and based on the results obtained, we
may conclude that:

All the ceramics associated with different types of metal surface treatment showed cli-
nically acceptable shear bond strength values.

The ceramic Noritake, whose surface was treated with aluminum oxide airborne par-
ticle abrasion, showed higher fracture strength at the metal/ceramic interface (26.401 +
11.637 MPa), while the Ceramic Vita treated with a diamond bur showed the worst results
(13.440 + 7.766 MPa). The area of the ceramic remaining adhered to metal showed a direct
relationship with the bond strength values of the different types of surface treatment perfor-
med in the shear test. Thus, Ceramic Vita treated with a diamond bur showed the smallest
quantity of ceramic adhered to the metal after the shear test, while the group of Ceramic
Noritake treated with aluminum oxide airborne particle abrasion showed the largest area
of remaining ceramic.
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