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ABSTRACT
Aim: The aim of the present study was to evaluate and compare
the bond strengths of different core structures to veneering
porcelain.
Materials and methods: Sixty specimens were divided into
4 groups of 15 each. Specimen fabrication was done according to the International Organization for Standardization (ISO)
specifications 9693:1999. Group 1 comprised core structure
made of cast alloy, group 2 from sintered metal, group 3 from
milled zirconia and group 4 milled zirconia without liner at the
interface. The shear bond strengths were recorded and the
values obtained were statistically examined.
Results: Highest values were recorded in group 3 and there
were significant differences between groups 1 and 3 while
groups 3 and 4 were not statistically different. This led us to
imply that zirconia as a core structure provided maximum
strengths and laser sintered metal came second. The results
also pointed out that the role of the zirconia liner is not that
crucial to attaining adequate strength.
Conclusion: The present study concluded that zirconia and
laser sintered metal are excellent core materials and feasible
alternatives to cast alloy. We also concluded from our study
that a zirconia liner did not affect the bond strength significantly
and is not absolutely essential.
Clinical significance: This study helps us to understand the
role of materials used as core structures in enhancing the shear
bond strength to veneer porcelains and also clarifies the role
of a zirconia liner in the process.
Keywords: Laser sintered metal, Metal ceramic interface,
Shear bond strengths, Veneering porcelain, Zirconia liner.
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INTRODUCTION
Metal ceramics and all ceramics in different forms
dominate the field of esthetic restorations and prosthesis
currently. Historically, the lost wax process has been used
to make metal ceramic frameworks but with advances in
technology, core substructures for ceramic restorations
are increasingly being made with direct metal laser
sintering and crassulacean acid metabolism (CAM). The
process is vastly simpler and less prone to errors by the
technician. The only hindrance remains the cost of the
procedure due to expensive armamentarium and that
too is coming down rapidly as with any technological
advance. The success of the ceramic prosthesis partly
depends on the bonding between the esthetic veneering
porcelain and the core structure.1
Bonding failures in porcelain fused to metal
prosthesis have been reported at 2.3 to 8%.2-4 Chipping
of veneering porcelain has been observed in posterior
zirconia-based restorations at 6 to 25% within a 5 year
period,5 improving the bond strength between the core
structure and the veneering porcelain can reduce costly
remakes and repairs.
A number of mechanical tests are available to evaluate
the bond strength at the interface but the Schwickerath
crack initiation test first proposed by Lenz et al.6 is a
reliable gold standard and has been described in ISO
specifications 9693:1999 to determine bond strengths.
The bond strengths of porcelain to cast Cr-Co alloy is
reliable and well documented, but literature is sparse
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comparing the bond strengths of veneering porcelain to
laser sintered Cr-Co alloy and machined zirconia. The
purpose of this in vitro study is to evaluate the bond
strengths of veneering porcelain to laser sintered Cr-Co
alloy, zirconia and to compare it with the Cr Co alloy
fabricated by the lost wax process.

MATERIALS AND METHODS
The present in-vitro study was carried out to compare the
bond strength of porcelain to zirconia, cast Co-Cr alloy
and direct metal laser sintered Co-Cr core materials.
The study comprised of 60 specimens and divided into
4groups, each group contained 15 specimens.
Different groups for bond strength testing were
categorized as:
• Group 1 (G1): Co-Cr alloy specimens made from
conventional lost wax casting method.
• Group 2 (G2): Co-Cr alloy specimens made from direct
metal laser sintering technique.
• Group 3 (G3): Zirconia specimens made by CAD/
CAM milling
• Group 4 (G4): Zirconia specimens without liner

SPECIMEN PREPARATION
Fabrication of Co-Cr Metal Specimen Using the
Lost Wax Technique
Acrylic resin blocks of 25 mm × 3 mm × 0.5 mm were
fabricated according to standard ISO 9693:1999. Impres
sions of these acrylic blocks were made using putty
consistency polyvinylsiloxane impression material.
Molten casting wax was poured into these mold spaces
and rectangular wax strips were obtained. These wax
strips were sprued and invested with phosphate bonded
investment material. The investments were heated in a
burnout furnace to 900º C for 30 minutes to eliminate the
wax. Then, the casting was done with a Co-Cr alloy in
induction casting machine, the castings were removed

A

and the specimens were trimmed, polished and air
abraded with 150 µm aluminum oxide.

Fabrication of Co-Cr Metal Specimen Using
Laser Sintering
Selective laser melting technology (Fig. 1) is an additive
manufacturing technology which creates 3-dimensional
metal parts by using laser power to melt metal powders
layer by layer according to computer-aided design data.
Specimens of dimension 25 mm × 3 mm × 0.5 mm were
designed (3 Shape Designing Software) in the computer.
With the help of laser melting technology machine Co-Cr
metal specimen were made (Fig. 2). The specimens
were trimmed polished and air abraded with 150 µm
aluminum oxide.

Fabrication of Zirconia Specimens Uusing
CAD/CAM Milling
Zirconia specimens of dimension 25 mm × 3 mm × 0.5 mm
were designed with the help of 3 shape designing Software
(Fig. 3) and milled to a specified dimension and then fully
sintered using sintering machine (Fig. 4).

Porcelain Application on Metal Specimens
Each specimen was subjected to ultrasonic cleaning for
10 minutes and then air dried to ensure the removal
of residual cleaner. Then each specimen was subjected
to oxidation at 980º C. A thin layer of wash opaque
porcelain, a layer of opaque porcelain, and a layer of
body porcelain (IPS classic) were fused to the central
rectangular area (3 mm × 8 mm) of the metal bar in
succession to achieve a total thickness of 1.5 mm (in
compliance with ISO Standard 9693). The firing was
performed in a furnace simulating the standard level
for clinical crown manufacture. All the specimens were
glazed at 920º C. Measurements in multiple locations were
made using metal thickness measuring caliper to verify
the symmetrical thickness of the porcelain.

B

Figs 1A and B: (A) Selective laser melting (EOSINT M270 system); (B) Co-Cr alloy specimens fabricated by laser
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Porcelain Application on Zirconia
Before the porcelain application, each of the metal
specimens was subjected to sandblasting with aluminum
oxide of 110 µm. Then each specimen was subjected to
ultrasonic cleaning for 10 minutes and then air dried to

ensure the removal of residual cleaner. A thin layer of
zirconia liner were fired followed by a layer of wash opaque
porcelain, a layer of opaque porcelain, and a layer of body
porcelain (IPS e.max ceram) were fused to the central
rectangular area (3 mm × 8 mm) of zirconia specimen
in succession to achieve a total thickness of 1.5 mm (in
compliance with ISO Standard 9693). The firing was
performed in a furnace, simulating the standard level for
clinical crown manufacture. All the specimens were glazed
at 725º C. The veneering ceramic was fired according to the
respective manufacturer’s recommendations.

Bond Strength of Porcelain to Underlying Cores

Fig. 2: Finished SLM Co-Cr specimens

A

Each specimen was placed with its porcelain side facing
downward. The two ends of each specimen were placed
on the base of the universal testing machine (Fig. 5)
with a hollow in the center with the diameter of 20 mm.
A crosshead with a diameter of 0.9 mm was loaded at
the center of the specimen at a speed of 1.0 mm/minute
until fracture occurred. The porcelain bond strength was
calculated by using the formula b = k × Ffail; where Ffail
represented the fracture force recorded in the test, and the
coefficient k was a function of the thickness of the metal
substrate (dM) and the Young’s Modulus of the material (EM).

B

Figs 3A and B: (A) Specimens designed in CAD software (3 Shape designing software); (B) Milled zirconia specimens

A

B
Figs 4A and B: (A) Sintering machine; (B) Finished zirconia specimens
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zirconia groups followed by laser sintered Co-Cr alloy
and cast Co-Cr alloy respectively.
Analysis of variance (ANOVA) was applied to
determine the statistical implication of the results
obtained (Table 3). The table value shows confidence
interval of various groups and the p-values. It was
evident that the differences between grades 1, 2 and 3
were statistically significant (p = 0.000). However, the
differences between the group 3 and group 4 were
statistically insignificant.

DISCUSSION
Fig. 5: Specimen in universal testing machine

Statistical Analysis
Results were analyzed using one-way analysis of variance
(ANOVA) to identify a statistically significant difference
in bond strength among the specimen groups.

RESULTS
The sixty specimens were tested in the universal testing
machine. The fracture load (Ffail) of the specimen was
measured by placing each specimen in a universal testing
machine, at a crosshead speed of 1mm/min until the
specimens fractured.
The individual Ffail values of the specimen are as
mentioned in Table 1.
The mean bond strength of the group1 to group 4 is
as shown in Table 2 and Graph 1. Highest mean bond
strength was recorded in Group 3 (85.84MPa) followed
by group 4 (80.41MPa). The lowest mean bond strength
was recorded in group 1 (54.21 MPa). This table shows
that the highest bond strength values were seen in the

The interface between the core substructure and
veneering porcelain can be a source of concern in
terms of debonding. Maximizing the bond strength
at this interface is important to prevent unpleasant
clinical situations. Whenever the core structure is base
metal, the bond is primarily chemical and secondarily
mechanical. 7 The oxide layer at the interface is
primarily responsible for the chemical bond whereas
sandblasting and cleaning improve mechanical
interlocking and wettability.8 Previous studies focusing
on the metal-ceramic interface have found adequate
strengths which ensure clinical longevity.9 Most of
the research has dealt with the cast metal alloy, but
studies on the laser sintered metal surface are relatively
few. Wu et al.10 compared cast alloys to selective laser
melted (SLM) alloys and found that the mechanical
properties of SLM alloys were significantly greater
but did not differ significantly in their bond strengths
to porcelain. This finding was corroborated by Akova
et al.11 A few authors have tested the bond strengths
of titanium to porcelain as titanium is being used
increasingly.12,13 The role of titanium as a core structure

Table1: Failure load (Ffail) of veneering porcelain to the underlying core materials
Specimen
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
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Group 1
Cast Co-Cr alloy (MPa)
16
15.33
12
14
16.66
16
15.33
14.66
17.33
16
15.33
16
14.66
12.66
14

Group 2
Laser sintered Co-Cr alloy (MPa)
18.66
18
17.33
18.66
18.66
18
18.66
16
17.22
18.66
19.33
18.66
18
20
18.66

Group 3
Zirconia (MPa)
23.33
24
21.33
24
23.33
21.33
24.66
24
23.33
23.33
25.33
21.33
22
23.33
23.33

Group 4
Zirconia without liner (MPa)
22
23
21
22
21.33
21.33
23
22
23.33
21.33
20
20
21
23
22
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is highly debatable and it is the opinion of the authors
that using titanium as a core structure serves no
specific advantages but at the same time, it has many
disadvantages namely difficulty in casting, controlling
oxide layer thickness and increased expense.
The bonding mechanisms of zirconia and veneer
ceramic are poorly understood.5 Some authors have
advised particle airborne abrasion and liner materials
to improve bond strengths.14 There have been a lot of

Graph 1: Mean bond strength values of four groups

studies on deciding the optimum particle size and
material for particle abrasion and taking many factors
into account, the authors have decided to keep the
size at 110 microns. The veneering ceramic used for
zirconia specimens differ in the fact that their particle
size is lesser and may provide better adaptation to
the zirconia surface. It is common practice to place
a zirconia liner on the cleaned and blasted surface.
This liner contains a few oxides which are supposed
to improve bonding. The chemical composition of
the liner used in this study was silica dioxide (SiO2,
70.7%), aluminium oxide (Al2O3, 11.5%), calcium oxide
(CaO, 0.6%), magnesium oxide (MgO, 0.5%), sodium
bicarbonate (Na2CO3, 7.4%), lithium carbonate (Li2CO3,
0.3%), and boron trioxide (B2O3, 0.8%)as described by
Kim et al.14 In that particular study, the results showed
an increased possibility of interfacial failure with the
application of a liner and suggested that air particle
abrasion could be more effective. This study’s results
prove that the liner is not a significant factor in the bond
strength as the differences in values of group3 and 4 are
not statistically significant even though the mean bond
strengths of group 3 are better than 4. Some studies
have actually shown a reduction in bond strengths
with the application of liner.15 The tensile bond strength

Table 2: Bond strength values of veneering porcelain to the underlying core materials
Specimen
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Mean

Group 1
Cast Co-Cr alloy (MPa)
57.60
55.18
43.20
50.40
59.97
57.60
55.18
52.77
62.38
57.60
55.18
52.60
52.77
45.36
50.40
54.21

Group 2
Laser sintered Co-Cr alloy (MPa)
70.90
68.40
65.85
70.90
70.90
68.40
70.90
60.80
65.43
70.90
73.45
70.90
68.40
76
70.90
69.53

Group 3
Zirconia (MPa)
86.32
88.88
78.92
88.88
86.32
78.92
91.24
88.88
86.32
86.32
93.72
78.92
81.40
86.32
86.32
85.84

Group 4
Zirconia without liner (MPa)
81.4
85.1
77.7
81.4
77.7
77.7
85.1
81.4
85.1
81.4
74
74
77.7
85.1
81.4
80.41

Table 3: Difference in bond strength between the four groups using ANOVA test

Groups
G1
G2
G3
G4

N (MPa)
15
15
15
15

Mean
54.2127
69.5353
85.8453
80.4121

Standard
Deviation
5.21974
3.59326
4.50186
3.8213

Confidence Interval at 95%
Lower
Upper
51.3221
57.1033
67.5455
71.5252
83.3523
88.3384
78.4794
82.3472

F
155.6556

p
0.000

N = Number of observations, F = Fischer’s value, p = probability value
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values of this study (85.84 MPa) in group 3 namely
zirconia specimens show that surface treatment and
liner application improves bond strengths. The results
are statistically significant and hence the routine use of
zirconia as a core material in the future can be a feasible
alternative. Similar study designs metal and ceramic
samples have been noted in the literature. Askanani
et al.16 assessed the shear and flexural strength of
zirconia and high noble alloys with their corresponding
porcelains. They concluded that bond strengths of
zirconia specimens were significantly higher than
the metal groups regardless of thermal cycling. Choi
et al.17 evaluated the shear bond strengths of zirconia
and metal alloys with their corresponding porcelains
using scanning electron micrographs and concluded
that the zirconia specimens showed significantly higher
bond strengths and that cohesive failure originated in
the loaded side while adhesive failures occurred at the
unloaded side.
The present study employed the three points
bending test to measure the tensile bond strengths.
All specimens tested showed bond strengths higher
than 25 MPa which is the minimum acceptable
strength required by ISO 9693:1999.18 This led us to
imply that metal laser sintering and CAD/CAM milled
zirconia can be acceptable alternatives to traditional
casting to provide predictable core substructures.
Milling metal would be faster than sintering, but
the tool wear associated with metal milling would
increase the expense of the procedure. It is the
opinion of the authors that with improvements in
CAD, milling of metal could be the easier option
in future. In this study, the group 2specimens had
significantly greater bond strengths than group 1
which is consistent with the findings of Xiang nan et
al.9 They identified an intermediate layer between the
laser sintered metal and porcelain which supposedly
improved bond strengths. Studies have used X-ray
spectroscopy and electron probe microanalyzer
analyses (EPMA) to show an elemental interpenetration
at this interface. This could explain the statistically
significant differences between groups 1 and 2.
The mechanical properties of the laser sintered metal
are superior as demonstrated by Wu et al.10
The fact that group 3 in this study showed the
highest strength values implies a significant positive
interaction between core zirconia and veneer porcelain.
An analysis and visual observation of the fracture
sites revealed that the metal specimens showed
delamination from the interface but the zirconia
specimens showed a cohesive fracture. This may be
because the three point bending test employed led
to bending of the metal specimens whereas zirconia

1442

being a brittle material would not bend and led to bulk
fracture and that it may not actually be a true reflection
of the interface bond strength. It is the opinion of the
authors that further research should focus on this
interface and attempt to elucidate the exact mechanism
of bonding. The results of this study thus would
suggest that laser sintered metal and zirconia are
viable and promising alternatives to conventional lost
wax processed metal alloys and thus can significantly
reduce technical errors and intricacies. It has also
been seen that the marginal adaptation and accuracy
provided by sintering and milling are consistently
superior to the lost wax technique.19-21

CONCLUSION
Chipping, delamination, and fracture of veneering porcelain
can be frustrating to the clinician and the patient. Maximizing
the bond strength at the interface can save a lot of time and
expense. This study illustrates that zirconia and laser sintered
metal are reliable alternatives to conventionally cast alloy as
a core substructure and it also shows that a liner application
on zirconia is an optional procedure.
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