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Abstract : The purpose of this study was to evaluate the tensile bond strength of resin cements to
enamel or dentin, one-hundred-and-twenty freshly extracted bovine incisor teeth were ground to expose
the enamel and dentin surfaces. Two kinds of self-adhesive resin cements (Maxcem™: Kerr and
Smartcem™; Dentply-Sankin) and two kinds of self-etching primer resin cements (Linkmax™: GC and
Resicem™: Shofu) were used in accordance with each manufacturer's instructions. In the Maxcem and
Smartcem groups, a subset of samples were treated by etching with 40% phosphoric acid for 15 seconds
and applied to both the enamel and dentin prior to luting, and were designated as the etched Maxcem and
etched Smartcem groups. All resin cements were bonded in a stainless steel mold onto enamel or dentin.
After bonding, the specimens were stored in water at 37°C for 24 hours, and the tensile bond strength
was measured at a crosshead speed of 0.5 mm/minute. The data were analyzed statistically by one-way
ANOVA and post-hoc Tukey-Kramer test. Maxcem and Smartcem had lower bond strength to both
enamel and dentin than Linkmax and Resicem (p<0.05). Phosphoric acid etching significantly increased
the tensile bond strength of Maxcem and Smartcem to enamel (p<0.05) but not to dentin. These results
suggested that self-adhesive resin cement had a lower bonding effectiveness to enamel and dentin than

self-etching primer resin cement.
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Introduction

Progress in adhesive dentistry has been
accompanied by the choice of resin cement for
ceramic, composite resin, and metal restora-
tions®’ . Currently, all resin cements are based
upon the use of an etch-and-rinse adhesive or a
self etching-primer along with a low viscosity
resin composite® . A multi-step application
technique is complex and rather technique
sensitive, and consequently may compromise
bonding effectiveness® . Recently, a new
generation of resin cement with a novel concept
called "self-adhesive” resin cement has been
brought to the dental market. This material
has a two-part paste/paste dual-cure resin
cement that is able to perform both self-etching
and self-adhering. The unique formulation
combines the etchant, primer, adhesive, and
resin cement into one material. Therefore, the
application of adhesive is a simple and easy
operation. Rely X Unicem™ is undoubtedly the
most thoroughly investigated self-adhesive
resin cement in the current literature. Rely X
Unicem has satisfactory bond strength to
dentin but appears to be a weak link in its bond
strength to enamel® . The strength of adhesion
in other currently marketed self-adhesive resin
cements to enamel and dentin has not been
clarified.

This study evaluated the tensile bond
strength of self-adhesive resin cement to
enamel and dentin.

Materials and Method

One-hundred-and-twenty bovine mandibular
incisor teeth were used within 12 hrs after
slaughtering. Flat labial enamel or dentin
surfaces in the central crown were ground with
Surfmet™ (Buehler, Lake Bluff, IL, USA.). The
surfaces were finished with 200, 400, and 600

grit silicon carbide paper to enamel thickness of
2.0 mm or dentin thickness of 2.0mm.

Two kinds of self-adhesive resin cements
(Maxcem™: Kerr Corp., Orange, CA, USA. and
Smartcem™: Dentsply-Sankin KK, Tochigi,
Japan.) and two kinds of self-etching primer
resin cements (Linkmax™: GC Corp,, Tokyo,
Japan. and Resicem™: Shofu Inc., Kyoto, Japan.)
were used in accordance with each manufac-
turer's instructions (Table 1 and Table 2).

Table 1. Materials used in this study

Self-adhesive resin cement
Maxcem: Kerr Corp., Orange , CA, USA; Lot
No. 2712175
Base: UDMA, Camphorquinone,
Fluoroaluminosilicate glass
Catalyst: Bis-GMA, TEGDMA,
Glycerophosphoric acid
dimethacrylate,
Bariumaluminoborosilicate glass

Smartcem: Dentply-Sankin KK, Tochigi,
Japan; Lot No. 419-001
Base: HEMA, 4MET, PEM-F,
Polymerization initiator
Catalyst: Butylene dimethacrylate,
Sufinic acid, Tertiary amine

Self-etching primer resin cement
Linkmazx: GC Corp., Tokyo, Japan; Lot
No. 0704191

Base: Methacrylic acid ester,
Aluminosilicate glass
Catalyst: Methacrylic acid ester,
Aluminosilicate glass
Self-etching primer
EP-A: Water, Ethanol, 4META,
Methacrylic acid ester
EP-B: Ethanol, Catalyst

Resicem: Shofu Inc., Kyoto, Japan; Lot No. 0107
Paste A: UDMA, TEGDMA,
Fluoroaluminosilicate glass,
Polymerization initiator
Paste B: UDMA, TEGDMA,
Fluoroaluminosilicate glass,
4-AET, 2-HEMA Polymerization
Initiator
Self-etching primer
Primer-A: Water, Acetone,
Polymerization initiator
Primer-B: 2HEMA, 4-AET, Acetone,
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Table 2. Handling procedure

Self-adhesive resin cement
Maxcem
Dispensing via automix syringe
Cement placed in a mold onto enamel or dentin
Dual cured (exposed to light for 40sec and held
for 3 min)

Smartcem
Dispensing via automix syringe
Hand Mixing of cement for 20sec
Cement placed in a mold onto enamel or dentin
Dual cured (exposed to light for 40sec and held
for 3 min)

Self-etching primer resin cement
Linkmax

Mixing EP-A and EP-B
Self-etching primer was applied to enamel or
dentin for 30sec
Enamel or dentin was dried with oil-free
compressed air
Hand Mixing of cement for 10sec
Cement placed in a mold onto enamel or dentin
Dual cured (exposed to light for 40sec and held
for 3 min)

Resicem
Mixing Primer-A and Primer-B
Self-etching primer was applied to enamel or
dentin for 20sec
Enamel or dentin was dried with oil-free
compressed air
Dispensing via automix syringe
Cement placed in a mold onto enamel or dentin
Dual cured (exposed to light for 40sec and held
for 3 min)

In the Linkmax group, etching primer A and
etching primer B were mixed, applied to both
the enamel and dentin for 30 seconds and then
gently air-dried. In the Resicem group, primer
A and primer B were mixed, applied to both the
enamel and dentin for 20 seconds and then
gently air-dried (Table 2). All resin cements
were mixed and placed in a stainless steel mold
(diameter 4.0 mm, height 3.5 mm) onto enamel
or dentin (Figure). In the Maxcem and
Smartcem groups, a subset of samples were
treated by etching with 40% phosphoric acid
(K-etchant™: Kuraray Medical Inc, Tokyo,
Japan.) for 15 seconds and applied to both the

Figure. Diagram of tensile bond strength test
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enamel and dentin prior to luting, and were
designated as the etched Maxcem and etched
Smartcem groups. The resin cement was
covered with a plastic matrix and pressed
gently from above. The specimens were held
firmly for 3 minutes by a gripping device to
prevent slippage and then exposed to visible-
light for 40 seconds using a hand-held unit (New
Light VL-II™: GC Corp., Tokyo, Japan). All
specimens were left standing at room
temperature for 15 minutes and stored in water
at 37C for 24 hours. The specimens were
directly positioned in tensile bond testing
devices attached to a universal testing machine
(Instron 4204™: Instron Corp., Canton, MA,
USA.) The tensile bond strength was measured
at a crosshead speed of 0.5 mm/minute
(Figure). Ten specimens were measured for
each testing group.

The data were analyzed statistically by a one-
way ANOVA and post-hoc Tukey-Kramer test
with the value of statistical significance set at
the 0.05 level.

Results

Table 3 shows the tensile bond strength of
resin cements to enamel and dentin. Maxcem
and Smartcem had lower bond strengths to

both enamel and dentin than Linkmax and
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Table 3. Tensile bond strength of resin cement (MPa = S.D., n = 10)

Maxcem Smartcem Linkmax Resicem
Enamel 35*19a 38+10a 82*28b 151+43c
Dentin 37%20a 38%x17a 73+t26b 8.7+26b
Etched enamel 13.8+32c 102+ 14b
Etched dentin 36+32a 38+14a

Different letters express statistically significant differences (p<0.05).

Resicem (p<0.05). Etching treatment signifi-
cantly increased the tensile bond strength of
Maxcem and Smartcem to enamel (p<0.05) but

not to dentin.
Discussion

It is well known that the length of storage
time and the storage conditions of extracted
teeth affect their characteristics* ™"’ . To avoid
these factors, freshly-extracted teeth were used
in this study.

Self-adhesive resin cement can be used on
enamel and dentin without the need for any
surface treatment because the material
combines the etchant, primer, and adhesive
resin that are mixed into a single paste before
being used. This concept could reduce the
length of time of treatment and minimize the
possibility of contamination during the bonding
procedure. The self-adhesive material can be
useful for a clinician and a patient if it can have
sufficient bond strength to enamel and dentin.

The present study showed that Maxcem and
Smartcem, which are self-adhesive resin
cements, had less bond strength to both enamel
and dentin than two kinds of self-etching primer
adhesive resin cements, Linkmax and Resicem.
Bishara et al.®’ reported that the shear bond
strength of Maxcem was 5.9 = 2.7 MPa to
enamel. Goracci et al.®’ also reported that the
microtensile bond strength of Maxcem was 7.9
+ 3.2 MPa to enamel and 5.2 = 1.6 MPa to

dentin. These results were slightly higher than
our findings. Bishara etal.® reported Maxcem
had lower bond strength to enamel than the
two-step self-etch primer/adhesive system.
The limited micro-mechanical retention by the
self-adhesive system might be responsible for
the lower bond strength to enamel. Indeed, the
phosphoric acid etching to enamel increased the
bond strength of self-adhesive resin cement and
made the same bond strength as that of self-
etching primer resin cement. Hikita et al.”?
and De Munck et al.'V reported that phosphoric
acid enhanced the bond strength of self-
adhesive " RelyX Unicem" resin cement to
enamel. Ibarraefal”® reported that the Single
Bond™ system improved the microleakage of
porcelain veneer restoration when bonding to
enamel.  These results indicated that
phosphoric-acid etching enhanced the bond
strength of self-adhesive resin cement and
agreed with our findings. The etching effect of
the self-adhesive system alone was insufficient.
Acidic monomers, such as glycerophosphoric
acid dimethacrylate, 4MET, 4META, 4-AET,
react with water in the enamel and dissolve the
smear layer. The limited working time and
high viscosity of cements might bring about
insufficient and limited etching effects.

On the other hand, phosphoric-acid etching
could not improve the bond strength of self-
adhesive resin cement to dentin. Hikita et
all” and De Munck et al.’” reported that
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phosphoric acid decreased the bond strength of
self-adhesive “RelyX Unicem” resin to dentin.
These results indicated that phosphoric-acid
etching did not improve the bond strength of
self-adhesive resin cement, or that the etching
effect of the self-adhesive system did not play
an Important role in bonding to dentin.
Phosphoric-acid etching removed the weak
smear layer and exposed the thick and compact
collagen mesh. The penetration and diffusion of
an adhesion promoting monomer might play an
important role in bonding to dentin. In the self-
adhesive system the penetration and diffusion
of monomer might be insufficient on dentin
because of the viscosity of the cement and the
limited working time.

The lower adhesion of the self-adhesive resin
cement must be attributed to the limited
etching effect, penetration, and diffusion of the
monomer because of the viscosity of the cement
and the limited working time. Consequently
adhesion might be made only on the superficial
surface of the enamel and dentin. The
improvement of adhesion to enamel or dentin
and the evaluation of long-term clinical
performance are necessary for self-adhesive
resin cements.

Conclusion

It can be concluded that self-adhesive resin
cement had a lower bonding effectiveness to
enamel and dentin than self-etching primer
resin cement.
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