
SUMMARY

The current study evaluated the effects of three
variables on the shear bond strength of indirect
composite restorations to human dentin. The
three variables examined included immediate
dentin sealing (IDS), the thinning of dentin adhe-
sives by air-blowing before cementation and
light-curing the dentin adhesive before cementa-
tion.

One-hundred and eighty cylinder composite
inlays, 2 mm in diameter and 3 mm in length,
were made using a Tescera ATL system (BISCO

Inc). Tooth disks 2-mm thick were obtained from
90 freshly-extracted human premolars. Two indi-
rect composite cylinders were assigned to a sin-
gle tooth disk. The discs were randomly divided
into six groups according to the luting methods.
AdheSE (Ivoclar Vivadent) was used as the
dentin-bonding agent (DBA) for all groups. In
Groups 1, 2 and 3, the dentin was sealed with
AdheSE before taking the impression. After
priming, the adhesive was lightly air-blown, then
light-cured. On the other hand, the dentin was
not sealed before taking the impression in
Groups 4, 5 and 6. Regarding the application of
DBA before cementation, it was gently air-blown
and light-cured before cementation in Groups 1
and 4; whereas, it was heavily air-blown and
light-cured in Groups 2 and 5 and gently air-
blown but not light-cured in Groups 3 and 6. Z-
250 and Duo-Link were used as luting materials.
After 24-hours of storage, the bonded inlays were
subjected to a shear bond test.
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Clinical Relevance

In order to maximize the bond strength of a resin inlay to dentin, the exposed dentin surface
should be sealed with DBA before taking an impression. In addition, the bonding agent should
be gently air dried and light cured before applying the luting material.
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For each luting material, one-way ANOVA and
Duncan’s Multiple Range Test were used to com-
pare the shear bond strength. Paired t-tests were
also performed to compare the shear strength
between the two luting materials. All the statisti-
cal tests were carried out at the 95% confidence
level.

In Z-250, the results of the shear bond strength
were as follows: Group 1(14.90MPa) > Group
2(12.22MPa), Group 4(12.16MPa) > Group
5(9.61MPa), Group 3(9.60MPa) > Group
6(3.54MPa)(p<0.05). In Duo-Link, the following shear
bond strengths were obtained: Group 1(14.65MPa) >
Group 2(13.04MPa), Group 4(12.66MPa) > Group
5(10.10MPa) > Group 3(8.40MPa) > Group 6(2.88MPa)
(p<0.05). The mean shear bond strength of Z-250 and
Duo-Link were not statistically different with the
exception of Group 5.

In conclusion, the shear bond strength of the
indirect composite restoration to dentin can be
improved by dentin sealing with DBA before tak-
ing an impression, gently air drying and light
curing the DBA before the luting procedure.

INTRODUCTION

Since the acid-etching technique was introduced in den-
tistry,1 various adhesive methods have been developed
to bond composites to tooth structure. Although consid-
erable advances have been made, polymerization con-
traction and its associated problems, such as microleak-
age, secondary caries and cuspal deflection, are still
major problems.2 An indirect composite restoration,
where most of the contraction occurs extra-orally, is rec-
ommended to reduce such problems.3-4

A higher bond strength was observed in the direct
method, where the dentin adhesive is light-cured before
applying the resin composite, compared with when the
dentin adhesive and resin composite had been polymer-
ized together.3-4 However, in the indirect method, the
thickness of the polymerized adhesive may hinder
placement of the restoration. The thickness of the poly-
merized adhesive can reach up to 200~300 µm in areas
such as the inner line angles of the cavity and the
Chamfer margin.5 Therefore, some manufacturers rec-
ommend the adhesive not be polymerized beforehand
but be polymerized with the resin cement for clinical
convenience. Some practitioners prefer to over-dry the
adhesive instead of using the general method of gently-
drying, that is, they wish to obtain minimal dentin
adhesive thickness for clinical applications. Obtaining
adequate bond strength using a suitable adhesive
method is essential for a successful indirect restoration.
Therefore, the adhesive methods mentioned above need
to be verified scientifically.

The immediate dentin sealing (IDS) technique, which
seals the exposed dentin surface using dentin adhesives

before taking an impression, was attempted in order to
reduce hypersensitivity during the provisional phase of
an indirect tooth-colored restoration.6 A scanning elec-
tron microscopy study of the porcelain laminate veneer
showed that the traditional application of dentin adhe-
sive resulted in bonding failure between the hybrid
layer and the overlying resin; whereas, unbroken and
continuous interfaces were obtained when the IDS
technique was applied.7 Magne and others8 reported
that this method resulted in higher bond strength than
the conventional method. These authors also suggested
that this technique eliminates any concern regarding
film thickness of the dentin sealant.

The current study evaluated the effects of immediate
dentin sealing, the thinning of dentin adhesives by gen-
tle or heavy air blowing and light curing or the effects
without light curing of a dentin adhesive before cemen-
tation on the shear bond strength of a composite cylin-
der to human dentin.

METHODS AND MATERIALS

AdheSE (Ivoclar Vivadent, Schaan, Liechtenstein) was
used as the dentin adhesive in this study. Dual cured
resin cement Duo-Link (BISCO, Schaumburg, IL, USA)
and the restorative composite Z250 (3M ESPE, St Paul,
MN, USA) were used as luting materials.

A. Specimen Preparation & Immediate Dentin Sealing

Ninety human premolars recently extracted for ortho-
dontic purposes from patients between 10 and 25 years
of age, who had no cavities, cracks or other defects, were
used and stored in a saline solution. A tooth slice 2-mm
thick was prepared parallel to the occlusal surface
under water irrigation using a low-speed diamond
wheel (Minitom, Struers, Copenhagen, Denmark). After
confirming that there was no enamel remnant remain-
ing at the section, the dentin surface was polished
under moist conditions using 600-grit SiC paper. One
slice per a tooth was prepared. The specimens were ran-
domly divided into six groups. For Groups 1, 2 and 3,
the IDS groups, the tooth surface was covered with
transparent tape in which two 2.5-mm diameter holes
had been punched. The tooth surfaces exposed through
the two holes were primed and bonded using the dentin
adhesive (AdheSE) according to the manufacturer’s rec-
ommendation and light-cured for 20 seconds using
Bluephase (Ivoclar Vivadent) at a power density of
1000mW/cm2. For Groups 4, 5 and 6, the non-IDS
groups, the dentin adhesives were not applied. The sur-
faces of all the groups had been rinsed, cleaned with
wet cotton and dried. The impression materials were
then applied (Extrude, Kerr, Orange, CA, USA) for five
minutes to mimic a clinical situation. After removing
the impression materials, the tooth surface was rinsed
and dried. The surface was then covered with Fermit
(Ivoclar Vivadent), light-cured and kept under 100%
humidity for four days.
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B. Indirect Composite Cylinder Making

Tescera Dentin A2 Shade composites (BISCO) were
placed into a Teflon mold with an inner diameter of 2
mm and a height of 3 mm and placed in the Light box
of a Tescera ATL system and light-cured under pres-
sure. The light-cured composites were removed from
the mold and placed in the Black box of a Tescera ATL
system and heat-cured. The light- and heat-curing
process were carried out according to the manufactur-
er’s recommendations. Thus, 180 Tescera composite
cylinders were made.

C. Luting Procedure

The 180 Tescera composite cylinders were assigned to
a 90-tooth slice specimen. Two composite cylinders
were assigned per specimen. The cylinder surfaces
were sand blasted with 50 µm aluminum oxide powder,
then coated with silane (Monobond S, Ivoclar
Vivadent) for 60 seconds. After the coated surfaces
were dried, the adhesive of an AdheSE system was
applied and stored in a light-proof box. In Groups 1, 2
and 3, the adhesive of an AdheSE system was applied
to the two previously sealed IDS surfaces of each tooth
slice with two 2.5 mm diameter holes after being cov-
ered with the previously used transparent tape. In
Group 1, air was blown onto the adhesive at a pressure
of 0.5kgf/m2, and the sample was light-cured for 20 sec-
onds using Bluephase (Ivoclar Vivadent). In Group 2,
air was blown onto the adhesive at a pressure of
3.0kgf/m2, followed by light-curing for 20 seconds using
Bluephase. In Group 3, air was blown onto the adhe-
sive at a pressure of 0.5kgf/m2, but this group was not
light-cured. In Groups 4, 5 and 6, the tooth surface was
covered with transparent tape in which two 2.5-mm in
diameter holes had been punched. The two tooth sur-
faces exposed through the holes were primed and bond-
ed with dentin adhesive (AdheSE, Ivoclar Vivadent)
according to the manufacturer’s recommendation. In
Group 4, air was blown onto the adhesive at a pressure
of 0.5kgf/m2, followed by light-curing for 20 seconds
using Bluephase (Ivoclar Vivadent). In Group 5, air
was blown onto the adhesive at a pressure of 3.0kgf/m2

followed by light-curing for 20 seconds using
Bluephase. In Group 6, air was blown onto the adhe-
sive at a pressure of 0.5kgf/m2, but it was not light-
cured. In all groups, the composite cylinders were
cemented to the surface of each tooth slice using
DuoLink (BISCO) or FiltekZ-250 (3M ESPE) under a
constant pressure of 5kgf, then light-cured for 60 sec-
onds using Bluephase. The specimens were stored at
37°C under 100% humidity conditions for one day.

D. Shear Bond Strength Test

The specimens were bonded to a metal plate using
cyanoacrylate adhesive (Zapit, Dental Ventures of
America, Corona, CA, USA). The metal plate was fixed
to the Instron specimen (EZ test, Shimadzu, Kyoto,

Japan). The specimen was looped by a wire onto its
undersurface. A force was applied to the specimen at a
crosshead speed of 0.5 mm/minute until the composite
cylinder had broken out of the tooth slice (Figure 1).
The load data was measured concomitantly during
these procedures, and the data was stored on a com-
puter using the WinAGSLite program (Shimadzu,
Kyoto, Japan). Table 1 shows the flow data obtained.

E. Statistical Analysis

For each luting material, Z250 and Duo-link, one-way
ANOVA and the Duncan’s multiple range test were
used to compare the shear bond strength of the groups.
In each group, a paired t-test was used to compare the
shear bond between Z-250 and Duo-link. All statistical
tests were carried out at the 95% confidence level.

RESULTS

Table 2 and Figure 2 show the results of the shear test.
When Z250 was used as the luting material, the fol-
lowing order of shear bond strength was obtained:
Group 1 > 2, 4 > 3, 5 > 6 (p<0.05).

When Duo-link was used as a luting material, the order
of shear bond strength was as follows: Group 1 > 2, 4 > 3,
5 > 6 (p<0.05).

There was no significant difference in shear bond
strength between Z250 and Duo-Link in each group,
with the exception of Group 5.

Figure 1: Schematic diagram of the shear bond test apparatus.
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DISCUSSION

In the current study,
the shear bond
strength of the IDS
groups was higher
than the correspon-
ding non-IDS Groups:
Group 1 > Group 4,
Group 2 > Group 5,
Group 3 > Group 6.
These results are con-
sistent with previous
studies6-9 and can be
explained by use of
the dentin adhesive
before taking the
impression generat-
ing a hybrid layer,
which prevents con-
tamination and dena-
turing of the dentin
until the indirect
restoration is cement-
ed.

The shear bond strength of Group 1 was the highest
in the current study. This suggests that, in order to
achieve the maximum retention in an indirect compos-
ite restoration, the cavity should be sealed before tak-
ing an impression and the bonding agent should be
slightly air-blown and light-cured before cementation.
Clinicians may hesitate to accept this technique,
because a lightly blown, light-cured adhesive can hin-
der placement of an indirect composite restoration. In
the current study, the shear bond strength of Group 2
was the second highest of all the groups examined.
Therefore, as an alternative method, clinicians may
heavily blow the adhesive, thus thinning the layer
under the same conditions where the cavity had
been previously sealed with adhesive before taking
the impression. Considering the results from
Groups 3 and 6, clinicians who do not wish to light-
cure the adhesive before cementation for fear of
incomplete seating of the indirect restoration,
should at least seal the cavity with an adhesive
before taking the impression.

In the current study, the shear bond strength of
Group 6 was the lowest. The shear bond strength
of Group 3 was higher than Group 6 but lower than
Groups 1, 2 and 4. This indicates the importance of
light-curing the adhesive before cementation in an
indirect resin restoration. When dentin adhesives
are not light-cured before cementation, particular-
ly if the exposed dentin has not been protected
using dentin adhesives before taking the impres-
sion, the exposed, decalcified collagen can collapse
during the cementing procedure as a consequence

of the pressure applied in the process. This can lead to
a faulty hybrid layer and failure of an indirect restora-
tion.10 This result is inconsistent with those reported by
Magne and others.8 In the Magne and others study, the
results showed similar microtensile bond strengths in a
control group in which the prepared teeth were imme-
diately bonded, light cured, then restored with compos-
ites and an immediate dentin sealing group in which
the dentin surface had been sealed immediately after
preparation, stored in saline for two weeks with provi-
sional restoration, followed by application of a dentin
bonding agent and polymerization, together with the
resin composite. Magne and others used a thick restora-

Figure 2. Shear bond strength. The same capital letters in the bar represent the
same shear bond strength in each material at the p=0.05 level. *represents a sig-
nificant difference in shear bond strength between Duo link and Z250 at the p=0.05
level.

Group 1 2 3 4 5 6

Tooth slicing

Immediate dentin
sealing using AdheSe O O O X X X

Impression

Temporary filling with Fermit

Tescera Inlay making

Storage (4 days)

AdeheSE application

Air blow pressure 0.5kg/m2 3.0kg/m2 0.5kg/m2 0.5kg/m2 3.0kg/m2 0.5kg/m2

Light curing Yes Yes No Yes Yes No

Tescera Inlay setting with DuoBond or Z250

Storage (1 day)

Shear bond strength test

Table 1: Flow Chart of Materials Application Methods on Dentin Surface

1 2 3 4 5 6

Z-250 14.90±2.50 12.22±1.61 9.60±3.54 12.16±2.29 9.61±3.21 3.54±0.97

Duo-Link 14.65±2.01 13.04±1.39 8.39±1.94 12.67±2.13 10.10±1.82 2.88±0.64

Table 2: Results of Shear Bond Strength Test (MPa)
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tive composite as a core that was placed on the flat
dentin surface that was previously coated with adhe-
sives, which resulted in a low c-factor condition.
However, the c-factor of an indirect tooth-colored
restoration is usually much higher than that of a direct
restoration. As bond strength is affected by the c-fac-
tor,11-12 its results may be different from clinical situa-
tions. However, it is difficult to make a direct compari-
son, because Magne and others used a different bond-
ing system, a three-step total etching system.

Due to its inferior physical properties and high water
absorption, it is desirable to minimize the amount of
unfilled resin used in a composite restoration. The air-
thinning of dentin adhesives prior to polymerization is
a common practice recommended by most manufactur-
ers. However, overly aggressive thinning has been
implicated as a cause of the decreased cure of adhe-
sives. The results of the current study also support this.
In the current study, the bond strength of Groups 2 and
5 was lower than that of Groups 1 and 4, respectively.

Park and others13 reported the possibility of using a
restorative composite as a luting material when the
high power density curing lamp, curing time and thick-
ness of the resin overlay had been optimized. In the
current study, the dual polymerization resin cement
Duo-link, and the light curing resin composite Z-250,
were used for comparison. However, both showed simi-
lar shear bond strength with the exception of Group 5.
Further studies, such as an analysis of the breakage
surface, will be needed to determine why there was no
difference in bond strength despite there being a differ-
ence in viscosity. Dual-cured composite cements were
reported to show greater wear due to their lower filler
content and relatively inferior physical properties.14-15

Considering the high wear resistance of contemporary
restorative composite materials, the use of restorative
composites as luting cements may contribute to the
reduced wear of cementing materials. This possibility
will require further research.

CONCLUSIONS

The shear bond strength of a resin inlay to dentin was
improved by IDS before taking an impression, gently
air drying and light curing of the DBA before applying
the resin cements. There was no significant difference
related to which of the two luting agents that was stud-
ied was used.
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