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SHEAR BOND STRENGTH AND FAILURE MODE
BETWEEN VENEERING CERAMIC AND METAL
CORES AFTER MULTIPLE FIRING CYCLES

Nagwa M. Sayed"

ABSTRACT

Purpose: To investigate the effect of multiple firing cycles on shear bond strength and failure
mode of porcelain fused to metal.

Materials and method: Sixty porcelain fused to metal discs were divided into four groups
according to number of firing cycles subjected to; group A; one firing cycle, group B; two firing
cycles, group C; three firing cycles and group D; four firing cycles to sinter the porcelain. All the
specimens were thermocycled for 300 cycles then collected, labeled and stored in distilled water for
48 hours before testing. Shearing test was done by compressive load applied using a mono-bevelled
chisel shaped metallic rod attached to the upper movable compartment of testing machine traveling
at cross-head speed of 0.5 mm/ min. Fractured specimens were ultrasonically cleaned, carefully
checked under digital microscope (Dino-Lite, 241 Taiwan). All failures mode were analyzed.

Results: The highest mean value was observed in group A (21.62 MPa) and the lowest mean
value was observed for group B (19.29 MPa). Statistical analysis revealed no significant difference
between groups (P= 0.644). Statistical analysis among groups showed no significant differences
either.

Conclusion: Repeated firing cycles up to four cycles had no significant effect on shear bond
strength of porcelain fused to metal. Regarding failure mode; all samples had mixed (cohesive

adhesive) failure.
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INTRODUCTION fair esthetic qualities, alongside with a clinically

Metal ceramic restorations (MCR) has been satisfactory marginal and internal adaptation. *®

considered the golden standard for prosthetic ~Its bilayered configuration made it to be considered
dentistry for the past 40 years. » This maybe as hybrid restoration, composed of two materials;

due to their optimum mechanical properties and metal coping and ceramic veneer.

* Assistant Professor of Fixed Prosthodontics, Faculty of Dentistry, Beirut Arab University, Beirut, Lebanon. Assistant
Professor of Fixed Prosthodontics, Faculty of Dentistry, Misr University for Science and Technology, Cairo, Egypt
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In spite of the increase in the use of all-ceramic
restorations (ACR), MCR continued to be used
due to their low clinical failure (5-year cumulative
failure of 4.4%), compared to 6.7% if all ceramic
restorations. ®'” Moreover MCRs are still indicated
where ACR can not function; as in case of increased
occlusal load, limited inter-arch space (which limits
the thickness of the connectors) ", increased span
length and full-arch Prosthesis.

Although manufacturers routinely advertise all-
ceramic systems as a viable option for anterior and
posterior Fixed Partial Dentures (FPDs). True, there
are few clinical studies to support these claims. (%1%
Karlsson"® revealed a 93% success rate in a 10-
year period, while Palmqvist and Swartz!> reported
a 79% success rate over an 18- 23-year period. In
a review of FPDs failures on the past 50 years,
Goodacre, et al. '® found that the porcelain fracture
was the main factor for failure. The decrease in
FPD survival rate after 10 years may be a result
of material fatigue 72 and/or a combination of
biologic and biomechanical factors 22,

Veneer chipping or fracture is one of the most
disagreeable esthetic failure and may be attributed
to many factors; increased thickness of veneer,
sharp metal angles ®*2%, high occlusal contacts,
bending of FPD.

To achieve perfected contour, color, and esthetics
qualities, multiple firing cycles may be necessary for
the construction of MCRs, especially when using
the standard layering technique to reach optimum
esthetics.

The adhesion mechanism between metal and
porcelain is believed to be the micro-mechanical
bond, compatible coefficient of thermal expansion
(CTE) match, van der Waals force, and mainly
the suitable oxidation of metal and inter-diffusion
of ions between the metal and porcelain. ®, Data
presented in literature has shown the bond strength
of ceramic to metal substrates to be in the range
of 54 - 71 MPa®, and a sufficient bond for metal-
ceramic has been accepted when the fracture stress
is greater than 25 MPa.@72®
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Residual stresses can likely accumulate during
the heating and cooling firing procedures, mainly
because of the cooling rate and the CTE mismatch
between core and veneer materials. When additional
stresses are applied to the restoration, the probability
of failure due to fatigue crack propagation might
increase, explaining the veneer chipping or fracture.
Till now, the effect of multiple firing cycles on the
porcelain—metal adhesion remains unclear. The
hypothesis of this study is that; the increase in firing
cycles might decrease SBS between metal core and

veneer.

MATERIALS AND METHOD

Preparation of metal core discs

A 3 mm thickness X 10 mm diameter disc
was drawn on AutoCad (AutoDesk, San Rafael,
CA, USA) and exported to Micro SLA 3D printer
(ProJet 1200, 3D systems, South Carolina, USA). A
castable liquid plastic cartridge (VisiJet FTX Green
UV Curable Plastic, 3D systems, South Carolina,
USA) was inserted into the 3D printer. Micro-SLA
is an additive manufacturing technology in which
a thin layer of resin is contained in a build tray.
The build platform lowers, transferring the resin to
the build platform, and then the layer is cured by
a UV projector. This process is repeated, building
the part layer by layer until the model is finished.
Sixty discs were manufactured having the same
dimension using steriolithography technology.
Support material were cut of the discs and then
dipped in isopropanol alcohol solution for cleaning
printed discs. (I.P.A, 3D systems, South Carolina,

USA) (Fig. 1)

Disc patterns were sprued and invested to be
cast into Co-Cr discs (Remanium Star, Dentaurum,
Germany). Discs were air particle abraded using
100 pm Al203 at 80 psi (Fig.2 A&B) and then were
cleaned using ultrasonic water bath (BioSonic, UC
125, Coltene/Whaledent AG, Switzerland).
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Fig. (1) 3D printed disc patterns.
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Fig. (2) A: metal discs after casting. B: metal discs after Air
Particle Abrasion.

Metal discs were finished using heatless stones
(Koolies, Dedeco Inc., USA) and inspected for any
deformities. Discs were oxidized and labeled and
divided into 4 groups according to number firing
cycles. (Fig.3 A&B) (Tablel)

TABLE (1) Sample grouping.

Group | No. Firing Cycles No. Of samples
A firing cycle 1 15
B firing cycles 2 15
C firing cycles 3 15
D firing cycles 4 15
Total 60

(661)

Fig. (3) A: metal discs during oxidation. B: metal discs ready
for veneering.

Veneering procedure

The metal discs were veneered using the neces-
sary amount of feldspathic ceramic (Duceram Kiss,
DeguDent, Rodenbacher Chaussee 4, Wolfgang,
Germany). The ceramic slurry was applied all at
once onto the metal core using a slightly oversized
silicon matrix. Excess moisture was removed using
absorbent paper to compact the ceramic powder.
Samples were placed in the furnace (ProFire2 com-
pact, DeguDent, Wolfgang, Germany) and fired ac-
cording to manufacturer’s directions. (Fig.4 A&B)
Specimens were divided into 4 groups (n = 15) ac-
cording to number of firing cycles. All the speci-
mens were thermocycled for 300 cycles with the
sequence of 20 sec at 5°C and 20 sec at 55°C and
10 sec transport, then collected, labeled and stored
in distilled water for 48 hours before testing. (Fig.5)

Shear bond strength test

A circular interface shear test was designed to
evaluate the bond strength. All samples were indi-
vidually mounted on a computer-controlled mate-
rials testing machine (Model LRX-plus; Lloyd In-
struments Ltd., Fareham, UK) with a load-cell of
5 kN and data were recorded using computer soft-
ware (Nexygen-MT; Lloyd Instruments). Samples
were secured in a specially prepared metal mold to
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the lower fixed compartment of testing machine by
tightening screws. Shearing test was done by com-
pressive load applied using a mono-bevelled chisel
shaped metallic rod attached to the upper movable
compartment of testing machine traveling at cross-
head speed of 0.5 mm/min. The load required for

debonding was recorded in Newton. (Fig. 6)

Fig. (4) A: Metal after placement of opaque layer. B: Top:
Discs undergoing 2nd cycle. Bottom: Discs undergoing
1st cycle.

Fig. (5) Finished sample before testing.

Shear bond strength calculation

The load at failure was divided by bonding area
to express the bond strength in MPa: (t = P/ mr2)
where; T =shear bond strength (MPa, P =load at fail-

ure (N) 7t =3.14 and r =radius of veneer disc (mm)
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Fig. (6) Shear bond strength testing.

Failure mode scale

Fractured specimens (Fig.7) were ultrasonically
cleaned, carefully checked under digital microscope
(Dino-Lite, 241 Taiwan). All failures were classified

into three modes:

1. Cohesive in porcelain veneer: Only the rem-
nants of porcelain veneer were seen in the frac-

tured surface.

2. Adhesive: No remnants of porcelain veneer on

metal core.

3. Mixed: Both adhesive and cohesive failures

were detected in the fractured surface.

Fig. (7) Fractured sample.
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Statistical analysis

To determine the effects of firing cycles on shear
bond strength of specimens, one-way ANOVA was
used (p < 0.05). SPSS 16.0 v3.0 (SPSS, Inc., Chi-
cago, IL, USA) was used.

RESULTS

The mean and standard deviation values between
groups, are summarized in Table 2. The highest
mean value was observed in group A (21.62 MPa)
and the lowest mean value was observed for group
B (19.29 MPa). Statistical analysis revealed no sig-
nificant difference between groups (P= 0.644). Sta-
tistical analysis among groups showed no signifi-
cant differences as well. (Table 3)

Regarding mode of failure;100% of the samples
showed mixed failure mode.

TABLE (2) The mean and standard deviation values
between groups

Mean Standard Deviation
Group A 21.62 3.05
Group B 19.29 3.01
Group C 20.72 3.61
Group D 20.00 1.61
e N
22
215 T
21 1
205 T
20 1
19.5 1
19 1
18.5 7
18 +
Group A Group B Group C Group D
g J

CHART (1) Mean values among groups

(663)

TABLE (3) P value among groups

Group A | Group B | Group C | Group D
Group A 0.258 0.696 0.373
Group B 0.258 0.536 0.683
Group C 0.696 0.536 0.726
Group D 0.373 0.683 0.726
DISCUSSION

The MCR is a combination of both ceramic and
metal materials, combines the esthetic of porcelain
and the strength and precise fit of the metal. * So,
How these two dissimilar materials bond together
to function as a useful composite in dentistry? Ac-
cording to Wagner, there are three main factors that
determine the success of the ceramic-metal bond:
residual stresses, interfacial chemistry, and interfa-
cial morphology. ®” These three factors are inter-

dependent and are difficult to evaluate individually.
(31-35)

Every material has a coefficient of thermal
expansion. The coefficient of thermal expansion
(CTE) is defined as the fractional increase in
length per unit rise in temperature. It is generally
considered the alloy should have a higher CTE than
the ceramic (termed positive coefficient mismatch)
to produce axial compressive stress in the porcelain
after cooling to room temperature. Since dental
ceramics are much stronger under compression
than tension, this residual compressive stress can

effectively increase the bond strength. 4637

This thermal compatibility of the metal-ceramic
pair could play a significant role in bond strength
because it constitutes the main physical requirement
to avoid stress at the interface. ®*#" The CTEs of
the metal and ceramics must be compatible in
order to avoid stress. 839424 The recommended
mean difference between alloy and ceramics CTEs
(from room temperature to 600°C) is from 0.5 to 1.0
10—6 °C-1 . (44 45)
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The success of a metal-ceramic restoration de-
pends primarily on strong adhesion between the
porcelain and alloy. Many methods have been pro-
posed to quantify such adhesion, but none is com-
pletely exempt from errors, due to the complexity of
the ceramic/metal bonding. “¢4®

Several authors in the literature suggested the
use of shear bond strength test -9 and considered
it as one of the most reliable methods to evaluate the
bond strength because it concentrates the applied
tension on the interface between two materials.

Bonding between porcelain and metal is possi-
ble by means of three mechanisms: Van der Waals’
forces, mechanical retentions and chemical bond-
ing according. ©® Several studies demonstrated that
preparation of the alloy surface resulted in an in-
crease in bond strength between metal and porcelain
surfaces. In this study mechanical retention it was
used through sandblasting with A1,O, (100um) as a
metal surface treatment.

Multiple firing procedures are essential to
achieve better contour, color, and esthetics although
there is no scientific data on the precise number
of firing cycles to achieve a perfect ceramic
restoration. ©” In the present study, there was no
statistically significant difference between firing
cycles for bond strength values. The result came in
accordance with Stannard JG, et al, who observed
no shear bond strength statistical difference after
repeated firing. ¥

Other studies #5090 yging the shear test with
different methods and other types of alloys,
reported results varying from 15 MPa to 60 MPa.
The variation of the results in the studies is high,
due mainly to the inexistence of a universal
methodology for evaluation of bond strength of the
porcelain fused to metal substrate.

As a relief, literature have described that shear
bond strength mean greater than 10MPa indicate
clinically satisfactory results. “® % The results of
this study ranged from 19.3-21.6 MPa; within the
safety borders.
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Clinically, “ideal” metal-ceramic failure would
be cohesive in nature (within porcelain). That is, the
bond between metal and porcelain should be greater
than the cohesive strength of the porcelain. Results
of this study showed 100% mixed failure mode
presenting unfavorable failure mode. As this failure
mode clinically needs opaque composite and may
be difficult to be optimally repair.

The hypothesis of this research was not fulfilled
as firing cycles did not affect metal-ceramic bond
strength. Further researches are needed to determine
the bond strength using more ceramic—metal combi-
nations and firing cycles. Regarding failure mode;
all samples had mixed (cohesive adhesive) failure.

CONCLUSIONS

Within the limitation of the study, it could be
concluded that; repeated firing cycles up to four cy-
cles had no significant effect on shear bond strength
of porcelain fused to metal.
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