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Abstract : The purpose of the study was to evaluate the marginal leakage with wet or dry bonding techniques
samples by EPMA after long-term storage in distilled water of the restoration tooth. The adhesive systems,
Clearfil Photobond and Single Bond were used. The specimens were prepared as class V cavities having a depth
of 2 mm on the CEJ. The cavity wall and floors were treated with the etchant of two bonding systems either by
wet or dry bonding techniques. The specimens were viewed with an EPMA of the WAX type for the elemental
distribution of calcium, nitrogen and silver on the resin-dentin interface after storage in distilled water for 90-day.
Different microleakage and nanoleakage patterns were observed with different adhesive systems and different
application techniques. The infiltration of silver particles was observed to be less in specimens where wet
bonding technique was used compared with samples where dry bonding technique was utilized. The infiltration
of silver particles (in 90-day éamples) was notably prominently than day-1 samples?’ . This study showed that the

bonding technique and bonding materials are important in establishing a seal for the control of marginal leakage.
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INTRODUCTION

Many factors challenge the marginal integrity of
composite resin bonding restorations. At the time of
the initial set, polymerization contraction produces
forces, which tend to pull the restoration away from
the tooth structure. Thereafter, chemical, thermal and
mechanical stresses compromise the integrity of the
bond.*” In the clinical situation, these forces may not
always result in the loss of the restoration, yet the
significance of bond strengths is often overemphasized.?
The seal of restorative materials against the tooth
structure, and the quality and durability of the seal are
major considerations for the longevity of restorations.
This may influence the selection of restorative
materials and can be a significant factor in preventing
pulp damage and secondary caries. Bacteria will
rapidly colonize any gaps present between the
composite resin and tooth structure® as bacterial
infection has been shown to be mainly responsible for
inflammatory pulp reactions. Therefore, the marginal

integrity of restorations is of primary importance in

maintaining the long-term function of composite:

restorations. The clinically important issue is to
achieve a biocompatible restoration that will not
compromise the pulp, with materials where technique
sensitivity in not an issue.!® Thus, the study of
bacterial and fluid penetration at the interface

between the restoration and tooth structure, that is,

microleakage, has been of great concern in restorative
dentistry.

The acid etching technique proposed by Buonocore
(1955) has proved successful in enamel bonding, has
effectively eliminated microleakage at the enamel-
restoration interface! and has been found to
effectively inhibit microleakage at the dentin and
cementum margins of cavities.”® Sano et al.’*® have
described another pattern of leakage by observing the
penetration of silver nitrate along gap-free margins
with several dentin adhesive systems using SEM and
TEM. They described leakage patterns occurring
within the nanometer-sized spaces around the collagen
fibrils of the hybrid layer, and termed them
nanoleakages. Realizing the presence of such gaps, an
appropriate adhesive system applied using an efficient
bonding technique is important in the prevention of

such microleakages and nanoleakages.

The choice of an appropriate adhesive system
together with the bonding technique has always been
an important concern for clinical dentistry. A number
of adhesive systems are currently available. Many of
these current generation dentin adhesive systems
involve the removal of the smear layer®™ to facilitate
the infiltration of hydrophilic resin into acid-
conditioned dentin. For instance, the use of the total-
etch technique to enamel and dentin surfaces!®
removes the inorganic mineralized material
surrounding the collagen fibrils in dentin to a depth of
approximately 810 ym.® However, recently studies
have shown that 32% phosphoric acid (All-Bond 2
Bisco corp) and 10% maleic acid (Scotchbond Multi-
Purpose plus, 3M) in the presence of excess water will
lead to lower resin bonding strength values®

Resin adhesives, along with glass-ionomer cement or
amalgam,' are widely used as restorative materials in
dentistry. Comparatively high bond strengths of resin
to enamel and to dentin have been achieved in short-
term In vitro experiments; however, unfavorable
results such as marginal discoloration, secondary
caries, and loss of material have been reported in long-
term clinical use® Therefore, the problem regarding
the evaluation of the longevity of resin restorations
under in vivo conditions has become an 1mportant
research topic.®

The use of EPMA to observe the relationship
between the adhesive material and the resin-dentin
interface has become popular. A common observation
in such studies is the presence of a thick nitrogen
layer in regions where the adhesive resin monomer is
not able to infiltrate the decalcified layer on the resin-
dentin interface. In other studies it was clarified that
this was easily generated in regions of leakage on the
dentin side of the hybrid layer®

The aim of this study was to use an WDX-type
(Wavelength Dispersive X-Ray Spectrometer) electron
probe X-ray microanalyzer (EPMA) to characterize
ultra-morphologically the resin-dentin interface
produced by the two adhesive systems, when either a
dry or a wet bonding technique was applied after

long-term storage in distilled water.
MATERIALS AND METHODS

For this experiment, two resin bonding systems
(Table 1) and four test groups (Table 2) were used.
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That are, materials used were the Photo Bond system
(CPB) and the Single Bond system (SB); furthermore,
two application techniques were used: the dry-bonding
technique (with air-drying) and the wet-bonding
technique (with blot-drying) for the each material.

Twenty freshly extracted human premolars
surgically removed for orthodontic reasons were
stored at 42C in isotonic saline no longer than 2
months prior to their use. The teeth were collected
after patients' informed consent had been obtained
under a reviewed protocol. Class V cavities were
prepared on the cervical area of enamel and dentin
with an air-turbine hand piece and round diamond
burs to a depth of approximately 2 mm. The
specimens were divided randomly into the four resin-
bonding application groups and bonded with one of
the bonding techniques (Table 2). The conditioned
cavities were each restored with composite resins
Clearfil AP-X (Kuraray, Osaka, Japan) and Z250 (3M,
Minnesota, U.S.A), and light cured for 30 seconds by
XL 3000 (3M, Minnesota, U.S.A.).

The specimens were stored in distilled water at
37C for 90 days after the margins were finished and
polished with finishing diamond point and silicone
point (Shofu, Tokyo, Japan). The apical root portion of

Table 1 Materials, Compositions, Manufacturers and
Batch numbers. |

Adhesive Resin Manufacturer
MDP, HEMA

Photoinitialor Japan

Adhesive system Etchant
Photo Bond system (CPB)

(Bacth No: 302)

37% Phosphoric Kuraray, Osaka
acid (apply 30 sec.)

(Light cure 10 sec)

- 3M dental
Products, Division
St Paul, MN,USA

‘35% Phosphoric
acid{apply1d sec)

Bis-GMA HEMA

Dimethacrylates

Single Bond system (SB)
(Bacth No: 18970131)
Photoinitialor

(Light cure 10 sec)

Table 2 Adhesive procedur'es all of the test groups.

Group 1 (Photo Bond, by blot-dry) Etching: apply 30 sec, water rinse 10 sec.
blot-dry by cotton pellet.
Bonding: with pellet brush two consecutive

gently air thin 2-3 sec, Light cure 10 sec.

Etching: apply 30 sec, water rinse 10 sec.
air-dry 10 sec by three way syringe.
Bonding: with pellet brush, gently air thin
2-3 sec. Light cure 10 sec.

Group 2 (Photo Bond, by air-dry)

Eiching: apply 15 sec, water rinse 10 sec.
blot-dry by cotton pellet.

Bonding: with pellet brush two consecutive
gently air thin 2-3 sec. Light cure 10 sec,

Group 3 (Single Bond, by blot-dry)

Etching: apply 15 sec. water rinse 10 sec.
air-dry 10 sec hy three way syringe.
Bonding: with pellet brush, gently air thin
2.3 sec. Light cure 10 sec.

Group 4 (Single Bond, by air-dry)
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each specimen was sealed with composite resin (AP-X),
and the entire tooth, except for the area of the bonded
margin and 1 mm of the composite resin restoration
adjacent to it, was coated with two layers of nail
varnish.

A modified silver staining technique*' was used with
basic 50 wt % ammonia silver nitrate (pH=9.5) to avoid
the possibility of artifact dissolution of the enamel
apatite. The solution was prepared by the dissolution
of 25g of silver nitrate crystals in 25 ml! of distilled
water. Concentrated (28%) ammonium hydroxide was
used to titrate the black solution until it became clear
as the ammonium ions complexed the silver into
diamine silver ([Ag(NHz3)2]*) ions. The solution was
diluted to 50 ml with distilled water to achieve a 50-
wt% solution.

The teeth were placed in the 50 wt% silver nitrate
solution in total darkness for 24 hours and rinsed in
running water (tap water) for 5 min thereafter,
immersed in photo-developing solution and exposed to
a fluorescent light for 8 hours in order to reduce the
silver 1ons to metallic silver® for the 90-day samples.
The samples were placed in running water for 5 min
after removal from the developing solution. The
specimens were longitudinally sectioned through the
center of the cavities with a low speed diamond micro-
cutter (Micro Cutter 201, Marumoto, Tokyo, Japan),
making a total of 10 specimens for each adhesive
conditioning group. All surfaces of the specimens
were polished with silicone carbide papers of
decreasing abrasiveness (# 600, 800 and 1200-grit:
Maruto, Tokyo, Japan) under water coolant. A final
polish was performed with a soft cloth using an alpha-
alumina powder (1 xm Marumoto, Tokyo, Japan) with
distilled water. The specimens were analyzed for the
elemental distribution of calcium (Ca), nitrogen (N) and
silver (Ag) on the resin-dentin interface with the
EPMA of WDX type after critical point drying and
coating with carbon and aluminum. The EPMA of WDX-
type [Wavelength Dispersive X-ray Spectrometer]
electron probe X-ray microanalyzer was used to
observe the micromorphological changes of the resin-
dentin interface.’®®

RESULTS

The relationship between the dentin surface

- conditioning techniques and the elemental distribution
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of Ca, N and Ag on the resin-dentin interfaces are
summarized in Figs. 1-4. The evaluation of specimens
for resin-dentin interfaces consisted of five teeth in
each group.

Fig. 1 (Group 1) shows the resin-dentin adhesive
interface of CPB using the blot-dry application
The silver deposits of the resin-dentin
The
decalcified layer (Ca=Calcium) of the specimen was

technique.
interface could be clearly noted in the SEIL

observed as having a width of 8-10 um (Ca, arrow),
while the N layer (=Nitrogen) which is also shown
here (was about 810 # m; N, arrow). Additionally, the
mapping picture of Ag (=Silver) showed a silver
stained band (Ag, arrow) of 2-3 x#m in the dentin
surface, notably around dentinal tubules. However,
the electron density of the N and Ag are shown more
thickly on the dentin side of the specimen of the 90-
day comparing to the 1-day specimen?®’ .

Fig. 2 (Group 2) shows the resin-dentin adhesive
interface of CPB using the air-dry application
technique (with a dental unit three-way air syringe).
The silver deposits of the resin-dentin adhesive
interface was about 6-7 um thick (SEI), the N layer

Blot-dry

Silver deposits

o

§ Dentin High

Nitrogen layer

Fig.1
with Photo Bond adhesive system (by wet-bonding technique)
(3000X). Silver deposits were within the resin-dentin
interface and were noted along the hybrid layer. The
adhesive layer took up numerous silver deposits on the

EPMA element mapping of resin-dentin interface

sample that stored in water 90-day (SEI secondary electron
image, Ca: Calcium, N: Nitrogen, Ag: silver)
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thickness was about 8 um (N, arrow) and the silver
stained band, 6-8 um (Ag, arrow). Silver deposits
were clearly shown (SEI) in the resin-dentin interface.
Fig. 3 (Group 3) shows the resin-dentin interface of
SB by using the blot-drying technique.
deposits in the resin-dentin interface showed a
thickness of 2-3 ym(=*) on the SEL the N layer has a
thickness of about 3-5 um (N, arrow) and the Ag
(Silver) showed a silver stained band of 3-4 um

The silver

thickness (Ag, arrow). The thickness of the silver
deposits layers was comparable to Group 1 samples.

Fig. 4 (Group 4) showed the resin-dentin adhesive
interface of SB using the air-drying technique through
a dental unit three-way air syringe. Ag deposits of the
resin-dentin interface showed a thickness of 7-10 z m in
the SEI while the N layer exhibited a thickness of
about 10-12 um (N, arrow). The Ag (Silver) showed
silver deposits (Ag, arrow) that infiltrated deeply into
the dentinal tubules. The layer (Ag) forming the same
N layer corresponds to the decalcified layer. Most of
Group 4 samples show silver deposits resembling CPB
sample used with air-dry application technique.

Fig.2 EPMA element mapping of resin-dentin interface
with Photo Bond adhesive system (by dry-bonding technique)
(3000X). Silver deposits were within the resin-dentin
interface and were noted along the hybrid layer. The
adhesive layer took up numerous silver deposits on the
sample that stored in water 90-day (SEL: secondary electron
image, Ca: Calcium, N: Nitrogen, Ag: silver)
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Dentin

Decalcification layer

High

Fig.3 EPMA element mapping of resin-dentin interface
with Single Bond adhesive system (by wet-bonding technique)
(3000X). Silver deposits were within the resin-dentin
interface were noted along the hybrid layer. The adhesive
layer took up numerous silver deposits on the sample that
stored in water 90-day (SEIL secondary electron image, Ca:
Calcium, N: Nitrogen, Ag: silver)

DISCUSSION

In the present study, there were large differences
between specimens of short-term"” and long-term
storage in distilled water. There were also notable
differences between specimens of the air-drying and
blot-drying application techniques as observed with
EPMA. Using higher magnifications of SEI (3000 %)
and the EPMA of the elemental analyzer, the silver
element in this study was observed to have
penetrated further into the hybrid layer than could be
detected at low magnifications. (EPMA was not only
useful for elemental analysis; it also allowed a second
electron photograph to be taken).

Marginal leakage may have been not caused, if the
adhesive resin monomer infiltrated to deeper layers of
the decalcified dentin surface. However, the relative
thickness of the decalcified dentin that measured
approximately 10-15xm, and the thickly decalcified
layer disturbed the efficient diffusion for the adhesive
resin monomer. Additionally, this led to the formation
of minute gaps on the dentin side of the decalcified

layer resulting in subsequent leakage in the resin-
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Dentin

Silver deposits

High

Fig.4 EPMA element mapping of resin-dentin interface
with Single Bond adhesive system (by dry-bonding technique)
(3000X).
interface and were noted along the hybrid layer. The

Silver deposits were within the resin-dentin

adhesive layer, took up numerous silver deposits on the
sample that stored in water 90-day (SEI secondary electron
image, Ca: Calcium, N: Nitrogen, Ag: silver)

dentin interface, the so-called nanoleakage!*!®,
Afterwards, with the decomposition of the exposed
collagen fiber layer, larger gaps are formed and
subsequent leakage on the resin-dentin interface of the
This
nanoleakage

dentin side, the so-called microleakage.

nanometer-sized space causes
immediately following the placement of restorations,
while the micrometer-sized space causes microleakage
folldwing long-term observation of restored teeth.
Both were observed on the dentin side of the resin-
dentin interface. The nanoleakage seems to result in
microleakage.

Some differences were also seen in the resin-dentin
interface bonded under dry bonding versus wet-
bonding techniques used EPMA analysis. The resin-
dentin interface showed an 810 x m thick collagen-rich
layer (nitrogen layer) in the wet bonding sample (Fig.
1, N), and silver deposits width ranged from 2-3um
(Fig. 1, Ag).

fragments.

Moreover, the silver deposits were
This indicates that adhesive resin
monomer diffused to deeper parts of the decalcified
layer. And, in the dry-bonding technique samples, the
resin-dentin interface showed a collagen-rich layer
measuring 6-7 um (Fig. 2, N); silver deposits measured
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approximately 6 um (Fig. 2, Ag). It was also observed
that the silver deposits showed a bigger lump (Fig. 2,
SEI). This indicates that 1) the top part of collagen
fiber laver on the decalcified dentin may have
collapsed after being air-dried, because, the diffusion of
the adhesive resin monomer were obstructed by the
collapsed collagen layer, and 2) the exposed collagen
layver underwent decomposition after long term
placement of a restoration, and the gap grows, in the
resin-dentin interface of the dry-bonding technique
samples.

The same phenomenon was observed in SB samples
for both dry and wet-bonding techniques. Silver
deposits ranged from 3-4 gm (Fig. 3, Ag) and it was
found scattered on the resin-dentin interface (Fig. 3,
SEI) in SB samples that used the wet-bonding
technique. In contrast, the silver deposits in those
samples that utilized the dry-bonding technique
measured about 10 ym (Fig. 4, Ag and SEI); they also
exhibited a higher density (Ag). This indicates that
the adhesive resin monomer nearly failed to infiltrate
This may be attributed to
the exposure and subsequent collapsed of the

superficial part of the decalcified layer after the tooth

into the decalcified layer.

was conditioned with etchant and air-drying. This

made it difficult for the adhesive resin monomer to
diffuse into the thick decalcified layer. Thus, the
collagen layer that supports the adhesive resin layer
undergoes dessication over time, resulting into gap
formation and eventual microleakage were caused.

Pashley & others (1993)*® examined the effect of
phosphoric acid on dentin and reported that a
collagen-rich layer developed as a result of
demineralization, which could interfere with adhesive
agent penetration. Dehydration of the acid-conditioned
dentin surface through air-drying is thought to induce
surface tension stress, causing the expoSed collagen
network to collapse, shrink and form a compact layer
that is impenetrable to resin monomer.!**

The wet-bonding technique can promote efficient
diffusion of resin monomers into the decalcified matrix
only if excess water on the dentin surface is
eliminated with dry cotton after etching, water-rinsing,
and then replaced by monomers during subsequent
priming steps. In the currently available adhesive
systems, hydrophilic primer monomers are dissolved
in volatile solvents, such as acetone and ethanol; these
aid in the displacement of the remaining water as well
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as permitting the polymerizable hydrophillic
monomers into open dentinal tubules and through the
nano-spaces of the collagen web.*

The importance of a hybrid layer for resin-dentin
The
hybrid layer is formed by monomer impregnation into

adhesion is well recognized among researchers.

exposed collagen fibrils of decalcified dentin surfaces
following acid treatment of the dentin®** However, a

- resinfree decalcified dentin zone exists at the base of the

hyvbnd layer, due to incomplete resin infiltration.®3 Thus
collagen fibril networks of resin-free zones have been
the cause of nanoleakage or microleakage on resin-
dentin interfaces.

Previously, a complete air-drying bonding technique
for applied cavity walls was generalljr used after acid
etching and tap water rinsing (by a three-way syringe)
on composite resin restorations. At that time, it was
thought that the adhesive monomers could not diffuse
into wet dentin layer. However, the adhesive
monomers diffusion into the air-dried, collapsed
collagen layer, maybe need a longer time; however,
given the application time of only 2-3 seconds, it was
not possible for adhesive monomers to effectively
diffuse into the decalcified layer.
using blot-drying after etching, the presence of some
water in the decalcified layer renders the dentin
surface moistened/wet thus keeping the collagen

fibrils separated, a suitable condition of hydrophiles for

In contrast, when

adhesive monomer diffusion’.

In the present study, silver deposits were fouhd to
be intense within the hybrid layer; silver particles
were noted along the tubule walls. The silver
particles were concentrated mainly in the hybrid layer
of the dentin side compared to the adhesive resin side,
because the dentin side of the hybrid layer is located
farther away from the top of the decalcified layer as
well as the adhesive resin layer. The silver layer was
thicker on the long-term specimens (compared to the
1-day specimen)!. The nitrate of silver staining
method 1s often used because i1t permits the
microleakage pathway to be studied by secondary
electron and backscattered scanning electron
microscopy.?*¥ Silver staining method provides a
much sharper photograph of the penetration along
tooth-restoration margins compared with others
staining techniques.’* However, microleakage
assessments are usually performed using a low power

optical microscope providing only gross information,
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such as the depth of penetration.®

With regard to the result of the comparison of the
wet vs. dry bonding technique, it was noted that the
uptake of the silver element increased in the resin-
dentin interface of the dry-bonding technique
specimens (Fig.2 and 4) compared to the specimens of
the wet-bonding technique (Fig.l and 3). In specimens
treated with the wet-bonding technique, water that
was required for optimal adhesive resin inter-diffusion
and higher shear bond strength generation was
available to maintain open the inter-fibrillar spaces.®
In the specimens of the dry-bonding technique, the
presence of a collapsed thick decalcified collagen fibril
layer, Le. a collagen smear layer, interfered with resin
infiltration. This limits the adhesive resin infiltration
to the surface of the decalcified layer (Fig. 2 and 4).

With the wet-bonding technique, the expanded
collagen fibril network® allowed for deeper adhesive
resin infiltration into the decalcified layer. However,
even when using the wet-bonding technique, a
nitrogen rich layer was detected by EPMA in the
resin-dentin interface (Fig. 1, 3).

The wet or dry condition of the dentin surface was
significant for adhesion of restorations such as
composite resin. This has an extremely important
influence on the prognosis of the restoration of teeth.
The results of this study indicate that a variety of
factors affect the performance of dentin adhesive
systems and application techniques for adhesive.
Naturally, the passage of time after restoration also
produces an important influence on the resin-dentin
interface.

Presumably, if this In vitro demonstration occurred
in vivo, it would cause marginal nanoleakage that
could progress to microleakage within the adhesive
resin monomer uninfiltrated collagen layer. The
adhesive resin monomer infiltrate into the expanded
decalcified laver would prevent occurrence of
nanoleakage or microleakage.®® The wet-bonding
technique seems to be more useful for the prevention

of the nanoleakage and microleakage.

CONCLUSION

The present findings indicate that moist dentin
surfaces are required for the optimum infiltration of
adhesive resin into the decalcified layer when the
dentin conditioner used is an acidic type, such as
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phosphoric acid. Adhesive resin monomers should
have good fluidity, good permeability and good
hydrophilic properties for this to be achieved. In
addition, marginal leakage of the composite resin
restoration was increase after long-term storage as
observed 1n all test specimens.

REFERENCES

1) Han, L, Okamoto, A, Ishikawa, K. and Iwaku,
M.: EPMA observation between dentin and
resin interfaces. Part 1. Comparison of wet and
dry technique after short-term stored in water,
Dent Mater J 22 : 115-125, 2003,

2) Bowen, R.L., Rapson, J.E. and Dickson, G.:
Hardening

shrinkage and hydroscopic

expansion of composite resin, J Dent Res 61:
654-658,1982.

3) Davidson, C.L., De Gee, A.]. and Feilzer, A.J.
The competition between the composite-dentin
bond strength and the polymerization
contraction stresses, ] Dent Res 63: 1396-1399,
1984.

4 ) Parti, C. Early marginal microleakage in class II
resin compostite restorations, Dent Mater 5: 392-
398, 1989.

5) Krejci, I, Lutz, F. and Krejci, D.: The influence
of different base materials on the marginal
adaptation and wear of conventional class II
composite restorations, Quint Int 19: 191-198,
1988.

6) Stratmann, R.G. and Donly, K.J.: Microleakage of
class II silver glass ionomer/composite

“restorations, Am ] Dent 4: 95-98, 1991.

7) Lundin, S.A. and Noren, J.G.: Marginal leakage in
occlusally loased etched class II composite resin
restorations, Acta Odontol Scand 49: 247-254,
1991.

8) Beech, D.R, Tyas, M.]. and Solomon, A.. Bond
strengths of restorative materials to human
dentin: Influence of post-extraction time, Dent
Mater 7: 15-17, 1991.

9 ) Brannstrom, M. and Nyborg, H.: Pulpal reaction
to composite restorations, ] Prosthet Dent 27:
181-189, 1972.

10) Ario, S. and Stephen, M.: Effect of wet and dry
bonding techniques on marginal leakage, Am J
Dent 11: 219-224, 1998.



192

11)

12)

13)

14)

15)

16)

17)

- 18)

19)

20)

21)

22)

23)

g st 34(2) 1 2004

Barkmeier, W.W. and Cooley, R.L.. Shear bond
strength, microleakage and SEM study of the
XR Bond adhesive system, Am J Dent 2: 111-
115, 1989.

Retief, D.H. Do adhesives prevent microleakage?
Int Dent ] 44: 19-26, 1994. |
Sano, H., Shono, T. Takatsu, T. and Hosoda, H..
Microporous dentin zone beneath resin-
impregnated layer, Oper Dent 19: 59-64, 1994,
Sano, H., Takatsu, T. Ciucchi, B., Horner, J.A.
Matthews. W.G. and Pashley, D.H.: Nanoleakage:

leakage within the hybrid layer, Oper Dent 20:

18-25, 1995.

Sano, H, Yoshivama, M., Ebisu, S., Burrow, M.F.,
Takaysu, T., Ciucchi, B., Carvalho, R. and
Pashley, D.H.: Comparative SEM and TEM
observations of nanoleakage within the hybrid
layer, Oper Dent 20: 160-170, 1995.

Bowen, R.L.: Adhesive bonding of various
materials to hard tooth tissues solubility of

dentinal smear layer in diluted acid buffers, Int
Dent | 28: 97-107, 1978.

Fusayama, T. Nakamura, M., Kurosaki, N. and -

Iwaku, M.: Non-pressure adhesion of a new
adhesive restorative system, ] Dent Res 58:
1364-1370, 1978.

Kanca, J.: Resin bonding to wet substrate. L
Bonding to dentin, Quint Inter 23: 39-41, 1992.
Han, L., Neamat, A.B., Okamoto, A. and Iwaku,
M. A WDX study of resin-dentin interface on
wet vs., dry dentin, Dent Mater J 19: 317-325,
2000.

Xie, J., Powers, .M. and McGuckin, R.S.: In vitro
bond strength to two adhesives to enamel and
dentin under normal and contaminated
conditions, Dent Mater 9: 295-299, 1994.

Collins, C.J., Bryant, RW. and Hodgs, K.L.V: A
clinical evaluation of posterior composite resin
restorations, ] Dent 26: 311-317, 1998.
Hashimoto, M., Ohno, H., Kaga, M., Endo, K.,
Sano, H. and Ogochi, H.: Resin-tooth adhesive
interfaces after long-term function, Am ] Dent
14: 211-215, 2001.

Han, L., Okamoto, A., Li, M. Huque, J.,
Fukushima, M., Iwaku, M. Watanabe, K.,
Miyvagawa, O. and Kobayashi, M. WDX analysis
of light-elements on resin- dentin adhesive
interface, JSCD (in Japanese) 40: 524-530, 1997.

24)

25)

26)

27)

29)

30)

31)

32)

33)

34)

35)

36)

Tay, F.R., Pashley, D.H. and Yoshiyvama, M.: Two
modes of nanoleakage experession in single-step
adhesives, ] Dent Res 81: 472-476, 2002.

Wu, W, Cobb, E. and Dermann, K.: Detecting
margin leakage of dental composite restorations,
J Bio Mater Res 17: 37-43, 1983.

Pashley, D.H., Ciucchi, B., Sano, H. and Horner,
J.A.: Permeability of dentin to adhesive agents,
Quint Inter 24: 618-631, 1993.

Tay, F.R., Gwinnett, A.]. and Wei, SHY.: The
An
micromorphological study of surface moisture in

overwet phenomenon; optical,

the acid conditioned, resin-dentin interface, Am
J Dent 9: 43-48, 1996.

Nakabayashi, N. and Takarada, K.: Effect of
HEMA on bonding to dentin, Dent Mater &: 125-
130, 1992.

Kato, G. and Nakabayashi, N.: The durability of
adhesion to phosphoric acid etched, wet dentin
substrates, Dent Mater 14: 347-352, 1998.
Hashimoto, M., Ohno, H., Kaga, M., Endo, K,
Sano, H. and Oguchi, H:: In vivo degradation of
resin-dentin bonds in humans over 1 to 3 years,
J Dent Res 79: 1385-1391, 2000.

Burrow, MLF., Satoh, M. and Tagami, J.. Dentin
bond durability after three years using a dentin
bonding agent with and without priming, Dent
Mater 12: 302-307, 1996.

Tay, F.R., Pashley, D.H. and Yoshiyama, M:: Two
modes of nanoleakage experession in single-step
adhesives, ] Dent Res 81: 472-476, 2002.

Wu, W., Cobb, E. and Dermann, K.: Detecting
margin leakage of dental composite restorations,
J Bio Mater Res 17: 37-43, 19383.

Wieczkowski, G.Jr.,, Yu. X.Y., Davis, E.L. and -
Joynt, R.B.: Microleakage in various dentin
bonding gent / composite resin systems, Oper
Dent (Suppl d): 62-67, 1992.

Yu, XY, Davis, EL, Joynt, PB. and Wieczkowski,
G.].. Origination and progression of microleakage
In a restoration with a smear layer-mediated
dentinal honding agent, Quint Inter 23: 551-555,
1992.

Van Meerbeek, B.V,, Dhem, A., Goret-nicaise, M.,
Braem, M. Lambrechts, P. and Vanherle, G.
Comparative SEM and TEM examination of the
ultrastructure of the resin-dentin interface zone,
J Dent Res 72: 495-501, 1993.



Han Linlin {I72° 193

37) Kanca, ]J. and Sandrik, J.: Bonding to dentin. handling conditions, J] Dent Res 74: 1168-1178,
Clues to the mechanism of adhesion, Am J Dent 1995.
11: 154-159, 1998. 39) Santini, A. and Mitchell, S.: Effect of wet and
38) Tay, F.R, Gwinnett, A.]., Pang,-K.M. and Wei, dry bonding techniques on marginal leakage,
S.H.Y.: Variability in microleakage observed in a Am J Dent 11: 219-224, 1998.

total-etch wet-bonding technique under different



