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This study aimed to evaluate the bonding behaviors of a gold alloy and a titanium-aluminum-niobium (Ti-6Al-7Nb) alloy 
after priming with three metal conditioners.  Cast alloy disks were ground and divided into the following four conditions: 
(1) unprimed control versus priming with (2) Alloy Primer, (3) Estenia Opaque Primer, or (4) V-Primer.  The disks were 
bonded with tri-n-butylborane (TBB) initiated methacrylic resin, and shear bond strengths were determined both before 
and after 20,000 times of thermocycling.  Alloy Primer and V-Primer ― which contained a vinyl-thione monomer ― were 
effective for bonding the Au-Pt-Pd alloy.  As for the hydrophobic phosphate monomer contained in Alloy Primer and Estenia 
Opaque Primer, it was effective for bonding the Ti-6Al-7Nb alloy.  Further, when specimens were primed with Alloy Primer 
that contained both functional monomers, bond strength to Ti-6Al-7Nb alloy was greater than that to Au-Pt-Pd alloy.
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INTRODUCTION

The use of adhesive luting systems for bonding  
dental casting alloys has increased substantially.  
This trend is attributed to the development of a wide 
range of functional monomers.  A representative car-
boxylic monomer effectively bonded nickel-chromium 
alloy, cobalt-chromium alloy, and titanium1-3).  Bond 
strength to base metal alloys has improved thereafter 
with the use of a hydrophobic phosphate monomer4-9).  
In addition, bonding to titanium-aluminum-niobium 
(Ti-6Al-7Nb) alloy has been widely evaluated as 
this alloy is applicable to both fixed and removable  
dentures10-16).  A thiol monomer was originally devel-
oped for coating copper17), but its bonding to dental 
noble metal alloys has also been evaluated18-21).
　　With regard to the currently available single-
liquid metal priming agents, they can be categorized 
into three types: (1) for base metal alloys; (2) for 
noble metal alloys; and (3) for both base and noble 
metal alloys.  Although quite a number of single- 
liquid metal priming agents are available, only  
limited information is available about the relation 
between combined use of functional monomers and 
resultant bond strength to noble and base metal 
alloys.  Therefore, this study aimed to evaluate the 
bonding characteristics of three metal priming agents 
when used to bond a gold alloy or Ti-6Al-7Nb alloy 
using a tri-n-butylborane derivative (TBB) initiated 

resin luting agent.

MATERIALS  AND  METHODS

Materials used
Two casting alloys ― a gold alloy designed for  
porcelain-fused-to-metal (PFM) procedure (Au-Pt-Pd; 
DeguDent Universal, Degussa AG, Hanau, Germany) 
and a titanium alloy consisting of titanium, niobium, 
and aluminum (Ti-6Al-7Nb; T-Alloy Tough, GC Corp., 
Tokyo, Japan) ― were selected as adherend materials. 
　　As for the metal priming agents selected for  
evaluation in this study, they were namely Alloy 
Primer (Kuraray Medical Inc., Tokyo, Japan),  
Estenia Opaque Primer (Kuraray Medical Inc.), 
and V-Primer (Sun Medical Co. Ltd., Moriyama, 
Japan).  These three agents were of the single-liquid  
type and which contained at least one functional  
monomer in the solvent.  Alloy Primer consisted  
of acetone solvent with a small amount of 10- 
methacryloyloxydecyl dihydrogen phosphate (MDP) 
and 6-(4-vinylbenzyl-n-propyl) amino-1,3,5-triazine- 
2,4-dithione (VTD), whereas Estenia Opaque Primer 
consisted of the MDP monomer and monomer  
solvent.  As for V-Primer, it consisted of acetone  
solvent with VTD.
　　A self-polymerizing resin ― based on methyl 
methacrylate (MMA), pigmented PMMA, and TBB 
initiator ― was used as the luting agent.  Unlike 
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the commercially available SuperBond resin (Sun  
Medical Co. Ltd.), this luting agent did not contain 
any functional monomer.  This was because the  
purpose of this study was to evaluate the functional 
monomers in the priming agents.  Table 1 summa-
rizes the information of the materials used in this 
study.

Specimen preparation
A total of 64 pairs of disk specimens, 10 mm and  
8 mm in diameter by 2.5 mm in thickness, were 
cast from Ti-6Al-7Nb alloy using a magnesia-based  
investment material (Selevest CB, Selec, Osaka, 
Japan) and a centrifugal casting apparatus (Ticast 
Super R, Selec).  In addition, a total of 64 pairs of 
disk specimens, also 10 mm and 8 mm in diameter 
by 2.5 mm in thickness, were cast from Au-Pt-Pd 
alloy using a phosphate-bonded investment material  
(Univest Silky, Shofu Inc., Kyoto, Japan) and a cen-
trifugal casting apparatus (Argoncaster-C, Shofu Inc.).   
All disks were sanded with a series of silicon-carbide 
abrasive papers and finished with 800-grit paper.
　　The 64 disks of each alloy were divided into 
eight sets of eight specimens according to the com-
bination of four priming conditions (three primers  
and unprimed control) and two thermocycling con-
ditions.  The four priming conditions were: (1) 
unprimed control; (2) priming with Alloy Primer; 
(3) priming with Estenia Opaque Primer; and (4)  
priming with V-Primer.  For the three primed groups, 
the three priming agents were separately applied to 
the ground metal surfaces with a sponge pellet and 
then air-dried.  After surface preparation, a piece 
of tape with a circular hole of 5 mm diameter was  
positioned on each 10-mm-diameter alloy specimen to 
define the bonding area.  The paired disks with iden-
tical alloy composition (10- and 8-mm-diameter) were 
then bonded together with the MMA-TBB resin using 
brush-dip technique.

Shear bond strength test
After 30 minutes, the bonded specimens were 

immersed in water at 37℃ for 24 hours.  This state 
was defined as 0 thermocycles, and half of the  
specimens (four sets of eight pairs for two alloys) 
were subjected to shear bond testing at this stage.  
The remaining half of the specimens (four sets of 
eight pairs for two alloys) were subsequently ther-
mocycled in water between 5℃ and 55℃ for 20,000 
cycles with a 60-second dwell time per bath (Thermal 
Shock Tester TTS-1 LM, Thomas Kagaku Co. Ltd., 
Tokyo, Japan).
　　Each specimen was positioned in a steel mold 
and seated in a bond testing jig (ISO TR 11405)22).  
Shear bond strength was determined using a mechan-
ical testing device (Type 5567, Instron Corp., Canton, 
MA, USA) at a crosshead speed of 0.5 mm/minute.  
Average shear bond strength and standard deviation 
(SD) of eight replications were calculated for each 
group.  Bond strength of the specimens that showed 
pre-testing failure (PTF) was defined as 0 MPa, and 
the results were included in the statistical analysis.  
The results were primarily analyzed by Kruskal－
Wallis test, followed by Steel－Dwass test with the 
value of statistical significance set at 0.05.  Difference 
between pre- and post-thermocycling bond strengths 
within an identical primer-alloy combination was  
analyzed using Mann－Whitney U test with the 
value of statistical significance also set at 0.05.

Failure mode analysis
After shear bond testing, the debonded surfaces 
were observed through an optical microscope (8×; 
SZX9, Olympus Corp., Tokyo, Japan).  Failure modes 
were classified into the following three categories:  
A － adhesive failure at the luting agent-alloy  
interface; C － cohesive failure within the luting  
agent; and AC － combination of adhesive and  
cohesive failures.

RESULTS

Shear bond strength
Shear bond strength results are summarized in 

Material / Trade name Abbreviation Manufacturer Lot number Composition (mass %)
Gold alloy

Degudent Universal Au-Pt-Pd Degussa AG, Hanau, Germany B013339 77.3 Au, 9.8 Pt, 8.9 Pd, 1.2 Ag, 0.1 Ir
Titanium alloy

T-Alloy Tough Ti-6Al-7Nb GC Corp., Tokyo, Japan 408041 86.5 Ti, 7 Nb, 6 Al
Primer

Alloy Primer Kuraray Medical Inc., Tokyo, Japan 00232A MDP, VTD, Acetone
Estenia Opaque Primer Kuraray Medical Inc. 00145A MDP, Monomer solvent 
V-Primer Sun Medical Co. Ltd., Moriyama, Japan ML1 VTD, Acetone

Luting Agent
Super-Bond Catalyst Sun Medical Co. Ltd. MG120 Tri-n-butylborane (TBB)
Super-Bond Opaque powder Sun Medical Co. Ltd MK2 PolyMMA (PMMA), TiO2

Methyl methacrylate MMA Wako Pure Chemical Ind. Ltd., Osaka, Japan DPJ7276 99.8 MMA
MDP: 10-methacryloyloxydecyl dihydrogen phosphate; VTD: 6-(4-vinylbenzyl-n-propyl)amino-1,3,5-triazine-2,4-dithione

Table 1   Materials assessed
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Table 2.  For Au-Pt-Pd alloy, 24-hour bond strengths 
without thermocycling ranged from 7.0 to 36.2 
MPa ― and they were statistically different from 
each other (categories a－d).  For Ti-6Al-7Nb alloy, 
24-hour bond strengths ranged from 8.7 to 47.3 MPa.  
Two groups (category g) showed the highest bond 
strength, followed by the other two groups (categories  
e and f).
　　Post-thermocycling bond strength varied from 
only 0.1 MPa to 16.9 MPa for Au-Pt-Pd alloy, and 0.1 
MPa to 30.1 MPa for Ti-6Al-7Nb alloy.  For Au-Pt-Pd 
alloy, two groups treated with the VTD thione-based 
primers (category i) showed greater bond strengths 
than the other two groups (category h).  For Ti-6Al-
7Nb alloy, two groups treated with the MDP phos-
phate-based primers (category k) showed greater 
bond strengths than the other two groups (category 
j).  Thus, it was clearly shown that thermocycling 
significantly reduced the bond strength of all the 

eight groups (p<0.001).  In addition, post-thermocy-
cling bond strength to Ti-6Al-7Nb alloy was greater 
than that to Au-Pt-Pd alloy when the alloys were 
primed with the VTD- and MDP-based Alloy Primer 
(p<0.001).

Failure mode
Failure mode analysis results are summarized in 
Table 3.  Cohesive failure reduced substantially  
following the application of thermal stress.  After the 
aging process, adhesive-cohesive failure was detected 
only in two groups of Ti-6Al-7Nb alloy, whereby the 
specimens were treated with MDP-based primers.

DISCUSSION

This study evaluated the differences in bonding char-
acteristics between a gold alloy and a Ti-6Al-7Nb 
alloy using three priming agents and a TBB-initiated 
resin.  As shown in Table 2, application of thermal 
stress revealed the bonding characteristics of the two 
alloys.  Alloy Primer and V-Primer effectively bonded 
the Au-Pt-Pd alloy.  It is noteworthy that both prim-
ers contained the VTD thione monomer.  These 
results agreed with previous investigations which 
found VTD monomer to be effective for bonding noble 
metal alloys18-21).  As for the bonding mechanism 
between the Alloy Primer or V-Primer and noble 
metals, it is considered to be chemical interaction 
between sulfur and noble metal elements23,24).
　　In addition, the current study clearly revealed 
that MDP monomer was ineffective for bonding gold 
alloy.  Post-thermocycling bond strength yielded 
with Estenia Opaque Primer (with MDP alone) was 
only 0.1 MPa for the gold alloy.  In contrast, bond 
strength yielded with Alloy Primer (with MDP and 
VTD) was 12.3 MPa.  In a study by Suzuki et al.24), 
the reason for ineffectiveness of MDP monomer for 
bonding noble metals has been proposed ― although 

0 thermocycles 20,000 thermocycles Reduction
Alloy Primer Median Mean SD Category* Median Mean SD PTF Category* from 0 to 20,000**
Au-Pt-Pd None  7.7  7.0 2.3 a 0.1  0.2 0.2 3 h Significant

V-Primer 31.6 31.2 4.2 c 16.3 16.9 4.8 i Significant
Estenia 13.7 13.8 2.1 b 0.1 0.1 0.1 2 h Significant
Alloy Primer 37.1 36.2 2.2 d 11.5 12.3 4.2 i Significant

Ti-6Al-7Nb None  9.1  8.7 1.8 e 0.0 0.1 0.1 5 j Significant
V-Primer 12.7 12.8 1.9 f 0.0 0.1 0.1 5 j Significant
Estenia 43.0 42.2 4.2 g 30.6 30.1 1.6 k Significant
Alloy Primer 46.5 47.3 4.2 g 28.8 29.0 3.0 k Significant

SD: Standard deviation; PTF: Number of pre-testing failures (PTF).  *Category: Identical letters indicate that the values 
are not significantly different (Steel－Dwass test; p>0.05).  **Reduction from 0 to 20,000: Significant difference between 
pre- and post-thermocycling bond strengths was found for all groups (Mann－Whitney U test; p<0.001).

Table 2   Shear bond strength results in MPa with statistical categories

 Alloy

      Failure mode

Primer 0 
thermocycles

20,000 
thermocycles

A AC C A AC C
Au-Pt-Pd None 8 0 0 8 0 0
Au-Pt-Pd V-Primer 7 1 0 8 0 0
Au-Pt-Pd Estenia 8 0 0 8 0 0
Au-Pt-Pd Alloy Primer 6 2 0 8 0 0
Ti-6Al-7Nb None 8 0 0 8 0 0
Ti-6Al-7Nb V-Primer 8 0 0 8 0 0
Ti-6Al-7Nb Estenia 4 4 0 6 2 0
Ti-6Al-7Nb Alloy Primer 5 1 2 6 2 0
A: Adhesive failure at the alloy-luting agent interface;  
C:    Cohesive failure within the luting agent; 
AC: Combination of adhesive and cohesive failures.

Table 3   Failure modes after shear bond testing
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titanium alloy was not included in their assessment.  
The bond strength results of the present study thus 
supported their finding.
　　The Alloy Primer and Estenia Opaque Primer 
effectively bonded the Ti-6Al-7Nb alloy.  Both primers  
contained the hydrophobic phosphate monomer, MDP.  
These results agreed with previous investigations  
which found MDP monomer to be effective for  
bonding Ti-6Al-7Nb alloy10,12-16).  As for the bonding  
mechanism between the Alloy Primer or Estenia 
Opaque Primer and base metal alloys, it is considered  
to be chemical interaction between MDP phosphate 
monomer and chromium24).
　　It should be highlighted that in this study, the 
Ti-6Al-7Nb alloy did not contain chromium although 
high bond strength results were yielded with MDP-
containing primers.  Separately, in a recent study by 
Tsuchimoto et al.25), it was reported that strong bond 
to titanium could be achieved when the luting agent 
contained MDP monomer and when MDP adsorption 
occurred on the titanium surface.  In view of these 
results and findings, the authors speculated that a 
corrosion-resistant passive film was present on base 
metal alloys, which then promoted effective bonding 
between MDP monomer and titanium alloy.
　　In addition, the current study revealed that 
VTD monomer was ineffective for bonding Ti-6Al-
7Nb alloy.  Post-thermocycling bond strength yielded 
with V-Primer (with VTD alone) was only 0.1 MPa 
for the Ti-6Al-7Nb alloy.  In contrast, bond strength 
yield with Alloy Primer (with MDP and VTD) was 
29.0 MPa.  In a study by Suzuki et al.24), the reason 
for ineffectiveness of VTD monomer for bonding chro-
mium has been reported.  The bond strength results 
of the present study supported in part their finding, 
with the understanding that VTD thione monomer 
was ineffective for bonding corrosion-resistant base 
metal alloys.
　　Failure mode analysis (Table 3) showed that 
majority of the specimens resulted in adhesive failure  
after thermocycling.  Moreover, the number of  
specimens that showed combined adhesive and  
cohesive (AC) failures was smaller for the post- 
thermocycling state than for the pre-thermocycling  
state.  Indeed, the reduction in bond strength  
coupled with an increase in adhesive failure suggested  
that the bonding interface was negatively affected by 
thermocycling.  Therefore, it was clear that thermo-
cycling was an effective means to evaluate adhesive 
durability of resin-to-metal bonded specimens for a 
limited testing period.
　　With due consideration to the clinical longevity  
of restorations and fixed partial dentures, it is  
beneficial for clinicians to select the best combination 
of casting alloy and adhesive system.  Within the 
limitations of the current experimental settings, it 
might be concluded that the combination of an MDP-

containing priming agent with Ti-6Al-7Nb alloy was 
an optimum bonding system.  Further investigation, 
however, is required using other types of priming 
agents, luting agents, and casting alloys, since reduc-
tion after thermocycling is remarkable for all combi-
nations.
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