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[ . INTRODUCTION retention and stabilization of restorations often

required the removal of sound tooth structure. This is

The public has an increasing concern for esthetic not necessary, in many cases, when bonding tech-

dentistry, and as a result, the dental profession has nique is used. Bonded restorations better transmit

increased the use of composite restorations and con- and distribute functional stresses to the tooth across

tinual improvement has been made in their proper- the bonding interface and have potential to reinforce

ties. weakened tooth structure. Bonding also reduces
Bonded restorations have a number of advantages microleakage at the restoration-tooth interface.

over traditional, nonadhesive methods. Traditionally, Microleakage, however, still occupies a major focus
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of researchers tiying to improve the longevity of com
posite restorations. Microleakage is defined as the
clinically undetectable passage of bacteria, fluids,
molecules, or ions between a cavity wall and the
restorative material applied to it’. Microleazage is
the results of breakdown of the tooth-restoration
interface, which may cause discoloration, recurrent
carics, percolation, hypersensitivity of restored tecth,
and the development of pulpal pathology’".
Microlcakage has been attributed to many factors
including differences in the coefficients of Lhermal
expansion between the tooth structure and the
restorative material, polymerization shiinkage of the
resin materials, load stresses, and inadequate adhe-
sion to tooth'™. Microleakage at the. enamel margins
has been eliminated with phosphoric acid etching, a
concept first proposed by Buoriocore” and microleak-
age at the dentin (cementum) margins has been
reduced significantly by the use of dentin bonding
agents Manufacturers have developed bonding
agents in an effort to control leakage at the tooth-
restoration interface by optimizing bonding through
improved resin technology. However, clinically,
microleakage at these interfaces still occurs.

An ideal dental adhesive would provide higa bond
strength and would eliminate microleakage. Marginal
microleakage and bond strength tests have been fre-
quently utilized to study the performance of dentin
bonding agents. The micromechanical bonding mech-
anism was first described by Nakabayashi et al.”" in
1982, as the formation of resin-reinforced zone.
Hybridization is described that certain monomers can
infiltrate the demineralized dentin and combine with
the collagen and hydroxyapatite to form a new mate-
rial that is part tooth and part resin. Mainsaming a
moist surface may be essential for optimal develop-
ment of the hybrid layer when hydrophilic bonding
systems are used. Desiccation of the conditioned
dentin may cause collapse of the unsupported colla-
gen network, inhibiting adequate wetting and pene-
tration by the primer. When true hybridization
occurs, bond strength increases dramatically. The
hybrid layer forms an acid-resistant envelope that
seals the dentin, preventing hypersensitivity and sec-
ondary caries Therefore, strong unification between
tooth structure and bonding resin is generally

belicved ndispensible to not only enhancing longevity
of the comrposite restoration but minimizing
mictoleakage at tooth-restoration inteifdce. Hovwever,
the relationship between bond strength and
microleakage performance is not clearly understood
Several investigators have attempted to conelate
bond strength values with marginal gap size. Some
aulhors reported a negative correlation between the
bond strengths and the marginal contraction gaps™™.
While, another study' found no clear relationship
between micioleakage evaluation and shear bond
strength with different bonding system

Theretore, the correlation between dentin bonding
strengtk and microleakage needs to be investigated
in Lhe same specimen.

The purpose of the present study was to evaluate
the 1elationship between tensile bond strength and
micioleakage in the same restorations to understand
the behavior of resin bonding to tooth structure

I. MATERIALS AND METHODS
1 Preparation of the specimens

One hundred and twenty freshly extracted bovine
lower incisors were stored frozen until use. Crown
segments were prepared by removal of the roots at
the cementoenamel junction with a low-speed dia-
mon«! disc. The pulp tissue was removed with a
broach. For each tooth, the labial swrface was wet
grourd with a model trimmer to expose a flat area of
enamel or dentin bmm in diameter. The exposed sur-
faces were hand-polished with wet 600~ and 800-grit
silicon carbide abrasive paper under sufficient water
spray. The teeth were then divided into four equal
groups and treated in the following manner”

Enamel/Dry Group : The enamel surfaces were
dried with oil-free, dried compressed air for 10 sec-
onds 32% phosphoric acid gel was applied 1o the
enamel] surface for 15 seconds. The gel etchant was
then rinsed off with an air-water spray for 20 sec-
oncds The enamel surface was dried for 20 seconds at
the maximal pressure of the dried an syringe
(Hotmar", Japan) while the tip of the syringe was
approximately Zem from the enamel surface. A 5 mm
diarncter-hole was punched in the center of a stiip of

571



adhesive tape, which was gently burnished onto the
ground surface to demarcate the bonding area.

Two consecutive coats of dentin-bonding agent
(One-Step™ Adhesive, Bisco Inc., IL, U.S.A.) were
applied using a saturated brush. The adhesive was
thoroughly air-dried for 10 seconds using a com-
pressed air syringe held at a distance of Zcm from
the surface. The adhesive was light-cured for 10 sec-
onds. Using the same brush tip without resaturating,
an additional coat of the adhesive was applied to the
surface, air-dried immediately, without light-curing.
A silicone mold, 1.2mm in thickness and 6.5mm in
diameter, was applied to the treated enamel surface.
The mold was filled with a single increment of com-
posite resin (Charisma®, Kulzer, Germany). Slight
pressure was applied on top of the siliconemold with
a slide glass and the composite resin was light cured
for 40 seconds.

Enamel/Wet Group : The teeth in this group
were prepared similarly to those in Enamel/Dry
Group, except that, following rinsing of the etchant,
the enamel was wiped with a damp facial tissue to
remove the excess water. The surface of the enamel
was shiny with moisture. Adhesives were applied and
composite resin cylinders were bonded to the teeth as
the same way in Enamel/Dry Group.

Dentin/Dry Group : Dentin surfaces of the teeth
in this group were prepared with the same methods
as in Enamel/Dry Group.

Dentin/Wet Group : Dentin surfaces of the teeth
in this group were prepared with the same methods

Table 1. Chemical ingredients of the dentin bonding
agent used in this study

Product Chemical Ingredients Manufacturer

Etchant @ 32% phosphoric acid
One-Step™  Adhesive : BPDM, HEMA,
Bis-GMA in acetone

Bisco Inc,
Itasca, I1, U.S.A.

as in Enamel/Wet Group. Pulp chamber were sealed
with utility wax and two coats of nail polish. Each
specimen was then sealed with fingernail polish up to
Imm from the restoration margins. The specimens
were immersed in 2% methylene blue solution for 7
days, washed in tap water for 24 hours, dried, and
acrylic rods were attached to the specimen perpen-
dicularly with cyanoacrylate.

2. Tensile bond strength measurement

The specimens were placed on the tensile jig which
was attached to Instron universal testing machine
(4202 Instron, Instron Co., U.S.A), and tensile bond
strength were measured at a crosshead speed of 2
mm/min with load cell 50kgf. The bond strengths
were expressed in MPa.

3. Microleakage test

The Degree of microleakage was determined with a
dye penetration method. Each fractured surface was
photographed. The photographs were later scanned
and the dye penetration area was measured with the
image analyzer (NIH image 1.60, Macintosh pro-
gram, U.S.A.). Leakage value was calculated as the
ratio of dye penetration area to the bonding area and
expressed in percentage.

4. Statistical analysis

The data were analyzed by -test and statistical
significance was defined as p<0.05. Relationships
between bond strengths and microleakage were test-
ed by regression analysis.

Table 2. Tensile bond strength value and degree of microleakage in each experimental group

(Mean = S.D.)
Group Tensile Bond Strength (MPa) Microleakage (%)
Enamel/Dry 12.59+5.071* 18.80£24.48
Enamel/Wet 15.004£6.5 10.98+18.38
Dentin/Dry 3.54+2.117* 46.39+31.31*
Dentin/Wet 831+3.21 24 83+26.33

* Significant difference of the each group are noted at a p¢0.05 level by student’ s t-test.

672



I.RESULTS
1. Tensile bond strength

The mean bond strength of each group is shown in
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Fig. 1. Tensile bond strength of each experimental group
* Significantly different from each other group (p{0 03).

Fig. 3. Microleakage test. A. Enamel/Dry group: Representative sp

Table 2 The mean tensile bond stiengths were 15 00
+6 »4\VIPa for the Enamel/Wet group, 12 59::5 07
MPa for the Enamel/Dry group, 8 31+3.21MPa for
the Jentin/Wet, group and 3.54+2 11MPa for the
Dentin/Dry group. The Enamel/Wet group stowed
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Fig. 2. Microleakage of each experimental groug.
*Significantly different from each other(p<0.05

.

ecimen showed tensile bond strength of 1545 MP. and

microleakage value of 10.35% B. Enamel/Wet group’ Representative specimen showed tensile bond strength of 18 11 AMPa
and microleakage value of 1.6% C. Dentin/Dry group: Representative specitnen showed tensile bond strength of J 49 MPa
and microleakage value of 66.34%. 1) Dentin/Wet group: Representative specimen showed tensile bond strength of 10 2 MPPa

and microleakage value of 15.52%
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Fig. 4. Relationship between tensile bond strength value
and the degree of microleakage.

significantly greater strength than that of Enamel/Dry
group (p<0.05) and the mean bond strength of
Dentin/Wet group was significantly greater than that
of Dentin/Dry group (p<0.05) (Fig. 1).

2. Microleakage

The results of the microleakage testing are summa-
rized in Table 2. The mean microleakage value were
18.80+24.48% for the Enamel/Dry group, 10.98+
18.38% for the Enamel/Wet group, 46.39+31.31%
for the Dentin/Dry group, and 24.83+26.33% for the
Dentin/Wet group. The mean microleakage of
Dentin/Dry group was significantly higher than
Dentin/Wet group (p<0.05). However, there was no
statistically significant difference in microleakage
between Enamel/Wet and Enamel/Dry groups
(p20.05) (Fig. 2).

3. Relationship between bond strength value and
the degree of microleakage

When the bond strength values and the corre-
sponding microleakage values are compared, signifi-
cant negative correlation was observed in entire data

set (r=-0.50)(Fig. 4).

. DISCUSSION

Bond strength and marginal microleakage are the
two characteristics of adhesives that are most fre-
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quently evaluated in vitro studies.

From a clinical point, even though loss of the com-
posite restoration due to bonding failure is rare,
microleakage is the main reason for marginal discol-
oration, secondary caries, hypersensitivity and pulpal
pathosis. Hence, marginal integrity is of primary
importance in maintaining the long-term function of
composite restorations. In generally, the improve-
ment of bonding at the resin-tooth interface would
expected to have a positive influence in microleakage
reduction. However, the direct relationship between
these two is not clear.

Prati ez @/.'° demonstrated that the same dentin
bonding system used with different composites gave
similar shear bond strengths and different microleak-
age values. Therefore, it has been suggested that the
type of composite is a major factor responsible for the
early gaps around restorations™: bond strength is
not an adequate indication of the seal effectiveness of
dentin bonding system.

However, in the present study there was a signifi-
cant negative correlation between bond strength and
microleakage. Hence, high bond strengths are associ-
ated with low microleakage and vice versa. These
experiments were performed in a clinically relevant
manner-that is, the microleakage tests were done,
following measurements of tensile bond strength in
the same samples’.

Other researchers have obtained results, although
not in the same sample, remarkably similar to those
reported in this study. For example, Komatsu and
Finger” obtained the linear relationship between the
logarithm of the contraction gaps and the shear bond
strength (r=-0.88). Tsai er 2/ demonstrated an
inverse relation between the bond strengths and
microleakage of the original Scotchbond® (3M,
U.S.A.), Scotchbond 2® (3M, U.S.A.), and Gluma®
(Columbus, U.S.A)). Fortin ez 22" showed some
observable trends between shear bond strength and
microleakage even though there was no statistically
significant correlation. Adhesive systems that include
a low-viscosity intermediate resin produced high
bond strengths and low microleakage. Similarly, two
materials with bond strengths in the intermediate
range had significantly increased microleakage, and
one material with a bond strength in the low end of



the spectrum exhibited microleaxage that was statis-
tically greater.

Adhesive systems containing hydrophilic primers,
dissolved in acetone or ethanol were found to produce
higher bond strengths when acid-conaitionec. dentin
was left visibly moist priop to bonding, a protocol
commonly referred to as " wet bonding”" " 1 addi-
tion, Kanca"™ has reported that the bond strengths to
etched and wet enamel using acetone based dentin-
enamel bonding system were equal to or higher than
bond strengths to etched and diy enamel

Acelone has been found to be a better primer sol-
vent than water for HEMA by virtue of its ability to
displace water from the collagen network * The
addition of acetone to water raises the vapor pressure
of the water and causes some of it to become volatile
In addition, acetone reduces the surface tension of
the water. This has the effect of causing the acetone
to appear to chase  the water. This will continue
until an equilibrium is established, cairying it with
the resin primer The remaining acetone is then
dried. leaving a layer of primer on the dentina, sub-
strate. This would account for the reduced microleak-
age in the wet bonded specimens.

A new dental bonding system One-Step” Adhesive
(Bisco Inc., Itasca. IL, U.S.A. was recently devel-
oped to provide clinical versatility with ease of use. It
is a light-curable single-component piimer/adhesive
system, combining the two separate steps of primet
and bonding tesin applications into one. One-Step'”
contains BPDAI (biphenyl dimethaciylate). BIS-
SMA, HEMA (hydroxyethylmethacrylate), and a
photoinitiatot in acetone. An excellent scal is

‘' adhesive on dentin sub-

achieved with One-Step
strate through the complete infiltiation of sdhesive
resin into demineralized intertubular and peritubular
dentin, and efficient in—situ polymerization®"

Because acetone based adhesive system - One

" was used in this study. maintaining a moist

Step
surface 1s essential for the deve opment of well-orga-
nized hybrid layer. In the Dentin/Wet group of this
study, hydrophilc monomer may have infiltrated into
the demineralized collagen matrix. Therefor=, well-
organized hybrid layer might be developed and
increased the bond strength, forming an effective seal
on the interface. The present study showed that the

bond strengths to wet enamel surface was higher
than 1o c1y one Probably, higher bond streng hs to
wel enamrc] are effected through better wetting of the
surface - that is. acetone can displace mowsture from
the otched enarnel and carry the resin monomets into
close adaptation with the surface. resulting ir high
bon: strengths. In addition, the bond strengths to
wel, dentin were higher than to diy dentin. In dentin,
the presence of moisture appeared to play a crucial
10le in not only better wetting of the sutface but also
preventing the degeneration of suiface collagen.
Bec: use water was crucial during the initial phase of
ince tubular infiltration in maintaining the structural
ineyrity of the demineralized collagen fibrls, as well
as koeping the interfibrillar spaces open so that iesin
could ocimeate these spaces through the water-dis-
placing capability of the acetone™ = .

Because composition and structure of enamel and
dentin are substantially different, adhesion to the
two tooth tissues will also be quite different The
inotganie content of mature enamel is 95% tc 98%
by weight (wt%1: the primary component is hyaiox-
vapotize. The remainder consists of water (4 wt%)
and organic matenial (1 to 2 wt%)"" Adhesion to
enatnel i achieved through acd etching of this hugh-
ly rineralized substrate, which substantially
enlarges 1ts suiface area for bonding and tag-hke
resie cxtensions formed and micromechanically inter-
lockee with enamel microporosities created by ctch-
ing”” LUnlike enamel, dentin contans a highet per-
centage of water (12 wt%) and organic material (18
wi% ) manly type I collagen, and hydroxyapatite
(7C w:% Structurally. numerous dentinal tubules
radiate from the pulp throughout the entire thickness
of dentin. making highly permeable tissue’ .

The difference in composition between the enamel
and the dentin may have accounted for the fact that
the dentiy specimens showed more leakage then the
enarmel specimens. Besides, as dentin is moete porous
sthoctwe than enamel, the wet-bonding technique in
dentin is more afected than in enamel.

Tre present study that showed wet bonding to
dentin significantly reduced microleakage and the
presence of moisture on enamel surface iesulted in
micoleakage lower than that found in the drv cnam-
el, ¢lthough this difference was not statistically sig-
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nificant.

When bonding systems with primers and adhesives
were applied separately, adhesive failure often
occurred at the adhesive-hybrid layer interface®'.
This is most likely caused by inadequate wetting of
the primed dentin surface with adhesive or by poor
mixing of primers and adhesive. Gap or voids are
formed between adhesive and hybrid layer (or primed
dentin surface) and could be enlarged by the shrink-
age stress exerted during the curing of the composite
resin. Those gaps will act as stress concentrators and
propagate preferentially along the adhesive/hybrid
layer interface under stress, resulting in premature
failure of the bonding of composite resin to tooth
structure. However, for One-Step™ adhesive system,
the primer and adhesive are combined in one-bottle
and applied in a single step. A continuous gap-free
link between the hybrid layer and adhesive layer
should result, reducing the likelihood of adhesive fail-
ure.

One-Step™ is acetone based system. For that rea-
son, this adhesive is rather sensitive to the air-dry-
ing of the etched dentin. In-vitro lab testing showed
that even a brief 2 - 3 seconds of air-drying with an
air-syringe would cause about 50% reduction in
dentin bond strength®”.

Fluidity, modulus of elasticity and volumetric
amount of filler can influence the photo-polymeriza-
tion contraction of a composite and, consequently,
the marginal sea®* . The resin composite used in this
study was a fine hybrid material, Charisma®. The
use of this material may have had some effect on the
microleakage values because of its relatively high
elastic modulus and high shrinkage values compared
with microfilled resin composite. These properties
would tend to increase the microleakage potential of
the restorations™-'#*"

The bond strengths obtained in this study were
somewhat lower than those reported in previous
studies. One possible explanation for this is the dif-
ference of the testing methodology. Tensile bond
strength was measured while some other reports"™'¢*"
used shear bond strength. The second possible expla-
nation is differences in the substrate. The bonding
strength may be different from one material to the
other. Another possible explanation may be related
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to the use of methylene blue solution in this study.
Probably, as the specimens of this study were
immersed in 2% methylene blue solution for 7 days,
methylene blue may be penetrate into resin/tooth
interface and cause hydrolysis. Therefore, the
absolute values shown in a given study may not be
significant.

In summary, significant negative correlation was
found between the bond strengths and the microleak-
age values. Hence, higher bond strengths seem to be
associated with lower microleakage, and vice versa.
In addition, acetone-based bonding systems seem to
work well in the presence of moisture. And further
study is needed to investigate these relation in other
bonding systems including water-based one.

V. SUMMARY

Intuitively, higher bond strengths should result in
less leakage. However, the relationship between bond
strengths and microleakage value is complex and not
clearly understood.

The purpose of this study was to evaluate the rela-
tionship between tensile bond strengths and
microleakage values in the same restorations to
understand the behavior of resin bonding to tooth
structure.

One-hundred and twenty enamel or dentin speci-
mens from freshly extracted bovine mandibular
incisors were used. The specimen was treated with
32% phosphoric acid for 15 seconds and rinsed for 20
seconds, the teeth were divided into four groups by
means of wet bonding technique or dry bonding.
One-Step™ adhesive were applied to the specimen.
The specimens were immersed in 2% methylene blue
solution for 7 days, and tensile bond strength and
microleakage were measured. The results were as
follows:

1. Significant negative correlation was found between
bond strengths and microleakage values. Hence,
higher bond strengths seem to be associated with
lower microleakage, and vice versa (r=-0 50,
p<0.05).

2. The Enamel/Wet group showed significantly high-
er bond strength than Enamel/Dry one, and
Dentin/Wet group showed higher strength than
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Dentin/Dry one (p{0.05).

Microleakage was significantly less in wet bending
than in dry one at dentin (p¢0.05), however there
was no significant difference between wet and dry
honding at enamel (p»0.05)
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