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Abstract: In this study, the bond strength between
an indirect composite and a gold alloy was determined
for the purpose of evaluating noble metal bonding
systems. A single liquid primer designed for
conditioning noble metal alloys (Infis Opaque Primer)
and tri-n-butylborane-initiated adhesive resins (Super-
Bond C & B), with or without the powder component,
were assessed. Cast gold alloy disks (Casting Gold type
IV) were air-abraded with alumina, followed by six
surface preparations, and were then bonded with a
light-activated composite material (New Metacolor
Infis). Shear testing was performed both before and
after thermocycling for evaluation of bond durability.
The results showed that three primed groups improved
post-thermocycling bond strengths compared to each
of the corresponding unprimed groups (P < 0.01).
The bond strength was reduced for all six groups by
the application of thermocycling (P < 0.01). After
thermocycling, the group primed with the Infis Opaque
Primer material and bonded with the Super-Bond C
& B resin exhibited the greatest bond strength (23.4
MPa). The Infis Opaque Primer and Super-Bond

bonding system increased the post-thermocycling 
bond strength of the control group by a factor of
approximately ten. This simple technique is applicable
in the fabrication of composite veneered restorations
and cone-telescope dentures. (J. Oral Sci. 46, 235-239,
2004)

Key words: alloy; bonding; noble metal; opaque resin;
thiol; thione.

Introduction
The use of adhesive agents in the fabrication of composite

veneered restorations has increased substantially. This
trend is mainly attributed to the development of chemical
bonding systems for dental casting alloys. A tri-n-
butylborane-initiated (TBB)-initiated adhesive opaque
resin was developed for bonding base metal alloys (1). The
TBB-initiated opaque resin (Super-Bond Opaque, Sun
Medical., Shiga, Japan) contains poly (methyl methacrylate)
(PMMA)-coated titanium dioxide as a pigment, and 4-
methacryloyloxyethyl trimellitate anhydride (4-META)
as a carboxylic functional monomer. A single liquid primer
for conditioning noble metal alloys was thereafter developed
in the 1980’s. The primer, currently identified as the V-
Primer or Infis Opaque Primer material (Sun Medical)
contains 6-(4-vinylbenzyl-n-propyl)amino-1,3,5-triazine-
2,4-dithiol, -dithione tautomer (VTD) (2) in acetone. The
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bonding characteristics of the V-Primer material have
been evaluated both in the laboratory (3-17) and clinically
(18-23). In addition, the bond strengths between a light-
activated indirect composite and dental casting alloys
primed with the V-Primer agent have been evaluated in
combination with the Super-Bond Opaque resin (3). The
results demonstrated that the V-Primer agent effectively
enhanced the bond strength to noble alloys and that the
bond strength of silver-palladium casting alloy was more
durable than that of gold alloy. Clinical reports have
demonstrated a durable bond for the V-Primer material
when used together with Super-Bond resin (18,19,21-23).
Although the V-Primer and Infis Opaque Primer materials
considerably enhanced the bond strength to noble alloys
when combined with the TBB initiator, the priming effect
was not particularly good when the materials were used
together with light-activated or benzoyl peroxide-amine-
initiated materials (8,13,17).

Application of metal priming agent together with the
TBB-initiated resin at the interface between the veneering
composite and the metal substructure is certainly acceptable,
particularly in the case of cone-telescope dentures, in
which continuous loading is applied to the external facing
crowns. However, the thickness of the bonding agent and
opaque resin should be controlled so that it is as thin as
possible for color reproducibility of the veneering
composite. Although application of the TBB opaque resin
to the coloring agent has been reported (1,3), the
information concerning the bonding between noble metal

alloys and light-activated opaque resins using the TBB resin
as a bonding agent is limited. The purpose of the current
study is to evaluate the effects of a metal priming agent,
an unfilled TBB resin bonding agent, and a TBB-initiated
opaque resin on the durability of the bond between a light-
activated indirect composite material and a gold casting
alloy.

Materials and Methods
A single liquid metal conditioner designed for priming

noble metal alloys (Infis Opaque Primer, Sun Medical) was
assessed. The primer contains VTD thione monomer in
acetone solvent. An acrylic opaque resin (Super-Bond C
& B, Sun Medical) was used as a bonding agent. A light-
activated microfilled indirect composite (New Metacolor
Infis, Sun Medical Co., Ltd.) was employed as a veneering
agent. A gold casting alloy (Casting Gold M. C. Type IV,
GC Corp., Tokyo, Japan) was selected as the substrate
material. Information about the materials is summarized
in Table 1. 

Ninety-six disk specimens (10 mm in diameter by 2.5
mm in thickness) were cast from the gold alloy according
to the manufacturer's specifications. All disks were ground
with 600-grit silicon-carbide abrasive paper, followed by
air-abrasion with 50-70 µm alumina (Hi-Aluminas, Shofu,
Kyoto, Japan). The air-pressure of the air-borne particle
abrader (Jet Blast 2, J. Morita, Osaka, Japan) was 0.45 MPa
and the distance to the orifice from the metal surface was
5-10 mm. A piece of double-coated tape with a circular

Table 1   Materials assessed
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hole of 5 mm in diameter was positioned on each disk metal
specimen to define the bond area.

The disks were divided into six groups, each of which
consisted of 16 specimens. Group 1 was left unprimed and
was used as a control. Group 2 was unprimed, but an
unfilled resin bonding agent (Mixture of Super-Bond
monomer liquid and the TBB initiator) was applied. Group
3 was unprimed, but the three-component Super-Bond C
& B resin was applied by the brush-dip technique as the
bonding agent. Group 4 was simply primed with the Infis
Opaque Primer material, and bonding agent was not
applied. Group 5 was primed with the Infis Opaque Primer
conditioner, followed by application of the unfilled resin
bonding agent (Super-Bond monomer and TBB initiator).
Group 6 was primed with the Infis Opaque Primer material,
followed by application of Super-Bond C&B resin as the
bonding agent.

A thin layer of an opaque resin (New Metacolor Infis
Opaque Base) was placed on each of the 96 metal
specimens and light-exposed for 30 seconds in an oven
(Alpha Light II, J. Morita). Two layers of an additional
opaque material (New Metacolor Infis Opaque Top A3-
O) were next applied on top of the primary opaque material,
with each layer light-exposed for 90 seconds in the same
oven. After light-exposure of the opaque resins, a brass
ring (inner diameter: 6 mm, length: 2 mm, wall thickness:
1 mm) was placed around the opaque resin. The ring was
filled with the New Metacolor Infis composite material
(dentin color, A3-B), and exposed in the Alpha Light II
oven for 10 minutes. Sixteen specimens were prepared for
each conditioning group.

One hour after preparation, the specimens were immersed

in 37ºC water for 24 hours, and this state was defined as
thermocycle 0. Half of the specimens (six sets of eight
specimens) were tested for 24-hour shear bond strength
at thermocycle 0. The remaining six sets of eight specimens
were subsequently placed in a thermocycling apparatus
(Rika Kogyo, Tokyo, Japan) and cycled between 4˚C and
60˚C water with a 1-minute dwell time per bath for 20,000
cycles.

Each specimen was embedded in a steel mold and seated
in an ISO 11405 shear testing jig. Shear bond strengths
were then determined using a mechanical testing machine
(10 kNG, Shimadzu, Kyoto, Japan) at a crosshead speed
of 0.5 mm/minute. For each condition, the average bond
strength and standard deviation (SD) of eight specimens
were calculated. The shear testing results were analyzed
by Mann-Whitney’s U-test with the value of statistical
significance set at 0.05. 

Results
Primary statistical analysis indicated that pre-

thermocycling bond strengths for group 4 (chi2 = 4.67, P
= 0.03, chi2(0.95) = 3.84) as well as post-thermocycling
bond strengths for group 1 (chi2 = 5.09, P = 0.02, chi2(0.95)
= 3.84) were not categorized as having a normal distribution.
The results were therefore analyzed by Mann-Whitney’s
U-test with the value of statistical significance set at 0.05.

Table 2 summarizes the bond strengths for each group
both before and after thermocycling. The greatest bond
strength (34.2 MPa) was obtained for group 6 before
thermocycling. The lowest bond strength (2.5 MPa) was
recorded for group 1 after thermocycling, in which neither
the primer nor the bonding agent was used. Pre-

Table 2   Shear testing and statistical analysis results for thermocycle 0 and 20,000 cycles
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thermocycling results demonstrate that the bond strengths
for the unprimed groups was ranked as follows: group 3,
group 2, and group 1 (P = 0.0008 and 0.0209), whereas
the strengths for the primed groups were ranked as follows:
group 6, group 5, and group 4 (P = 0.0008 and 0.0046).
Application of the bonding agent was effective regardless
of the use of the primer. In addition, the effect of the three-
component Super-Bond C & B bonding agent was superior
to that of the unfilled two-component Super-Bond material.
Although the bond strength of the six groups was
significantly reduced by the application of thermocycling
(31.6-84.8%, P = 0.0008), the ranking before thermocycling
remained unchanged even after the application of thermal
stress (P = 0.0008). 

Next, post-thermocycling bond strengths were compared
for identical bonding agent conditions. The results revealed
that the application of the Infis Opaque Primer material
enhanced bond strength for all conditions (group 1 <
group 4, P = 0.0008; group 2 < group 5, P = 0.0008;
group 3 < group 6, P = 0.0011). The use of the thione primer
was effective in all post-thermocycling conditions regardless
of the application of the bonding agent. 

Discussion
Type IV gold casting alloys are currently used for

removable partial denture frameworks, including the
external crowns of cone-telescope dentures. The external
crowns are subjected to repeated loading during mastication,
as well as the bending and tensile stresses associated with
the insertion and/or removal of the denture frameworks.
Probability of fracture or detachment of the veneering
agent from the substructure is therefore much higher for
cone-telescope crowns than for regular facing crowns.
Since porcelain facing is generally contraindicated for
veneering cone-telescope crowns, indirect composites are
applied to facial and occlusal surfaces as tooth-colored
materials. It is important for patients, dentists, and
technicians that the framework and the veneering agent are
strongly bonded with an adhesive system in order to
minimize possibility of fracture of the tooth-colored
materials. 

The current study was designed to evaluate the effect
of a metal conditioning agent and adhesive bonding agents
on the bond durability between a gold casting alloy and a
microfilled indirect composite. Comparison of the post-
thermocycling bond strengths between groups 1 and 4
revealed that the effect of the Infis Opaque Primer material
alone was not particularly excellent, although bond strength
was improved by priming. This is probably due to the fact
that there is room for improvement with respect to the bond
durability of the VTD monomer contained in the Infis

Opaque Primer or V-Primer material in application to the
combination of gold alloys and indirect composites (13,17).
The use of a different thione compound may be beneficial
for the improving bonding noble metal alloys (8,12-14). 

The current study used TBB-initiated adhesive resins
for the improvement of bond strength. This choice was
based on the development of a TBB-initiated opaque resin
(1) and a report concerning the bonding of indirect
composite to gold alloy using TBB opaque resin (24).
Considering laboratory technical procedures, this study
attempted to use a mixture of the TBB initiator and the 4-
META MMA solution as an unfilled resin bonding agent.
This extra application of the Super-Bond resin without the
powder component is derived from the expectation for the
application of a very thin layer of bonding agent before
application of the light-polymerized opaque resin.
Comparison of the post-thermocycling bond strengths
between groups 1 and 2, or between groups 4 and 5,
demonstrated that the use of unfilled TBB bonding agent
was substantially effective. The reduction in bond strength
after thermocycling for group 5 was 42.1%, despite the
combined application of the primer and the bonding agent. 

The authors therefore used the three-component Super-
Bond material as the bonding agent. As shown by the
results for group 6, the combined use of the Infis Opaque
Primer and the Super-Bond C & B materials exhibited the
greatest post-thermocycling bond strength and reduction
in bond strength after thermocycling was 31.6%. Although
there is further possibility for improvement of the bond
strength between the gold alloy and the indirect composite,
application of the bonding system shown in group 6 is
recommended as the best adhesive system within the
limitations of the current study. Further investigation
concerning the combination of priming agent and TBB-
initiated bonding agent is necessary in order to improve
bonding between gold alloys and indirect composites.
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