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Abstract
Purpose of review This paper reviews a new method of dentin surface modification, smear layer-deproteinization for self-etch
adhesive systems, particularly in relation to improving the adhesion to caries-affected dentin.
Recent Findings Remnants of smear debris, which forms hybridized smear layer with self-etch adhesives, can prevent monomer
infiltration and interfere with the chemical interaction of adhesive monomers and the underlying dentin. The hybridized smear
layer weakens the physical and chemical properties of the resin-dentin hybridized complex both immediately and over time.
Smear layer-deproteinization with NaOCl and HOCl solutions can improve the quality of resin-dentin interface of self-etch
adhesives through elimination of the hybridized smear layer, development of monomer infiltration, and enhancement of the
chemical interaction of adhesive monomers with hydroxyapatite due to an increase in the mineral/organic ratio on the dentin
surface. These positive effects are influenced by the types of oxidizing solution and their application time and also depend upon
the adhesive materials used because compromising effects of residual oxidized-byproducts at the dentin surface on the polymer-
ization behavior of the adhesives are different between the materials. However, applying antioxidant/reducing agents can
eliminate this problem.
Summary Smear layer-deproteinization is more effective for improving the bonding efficacy of self-etch adhesives to caries-
affected dentin than normal dentin because caries-affected dentin produces a thicker organic-rich smear layer. Smear layer-
deproteinization with HOCl solution, which has a rapid and broad-spectrum antimicrobial activity with less irritating and
sensitizing properties, along with the subsequent application of antioxidant/reducing agents could enhance the longevity of
composite restoration with self-etch adhesives.
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Caries-affected dentin

Introduction

The dentin surface is covered with a smear layer following
cavity preparation with rotary instruments whereby the den-
tinal tubules are occluded with smear plugs. This smear layer
does not have a physiological or morphological continuous
connection to the underlying dentin. Moreover, the smear lay-
er can prevent adhesive monomer infiltration and interfere
with the interactions of functional monomers with hydroxy-
apatite derived from the underlying dentin. Therefore, in order
to achieve ideal adhesion to the dentin substrate, this dentin
smear layer should be removed.

Clinically, self-etch adhesive systems are widely used be-
cause of superior bonding performance to enamel and dentin,
simplified bonding procedures, and reduced postoperative
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sensitivity. Additionally, self-etch adhesive systems exhibit
reduced nanoleakage formation compared with etch and rinse
adhesive systems using phosphoric acid etching, because they
can simultaneously demineralize the dentin surface, infiltrate
adhesive monomers, and form a thin hybrid layer (approxi-
mately 1 μm thick). An adhesive interface formed with re-
duced nanoleakage formation is expected to provide stable
bonding even in the long run.

On the other hand, self-etch adhesive systems cannot
completely remove the smear layer due to their mild acidity.
Surface preparation methods affect the dentin smear layer
characteristics (such as thickness, particle size, density),
which affect the bonding performance and change the dentin
surface conditions with residual amount of smear debris after
treatment with self-etch adhesive systems [1], depending on
the pH of the adhesives [2]. Moreover, the smear layer char-
acteristics also affect the long-term bonding stability of self-
etch adhesives [3]. Tay and Pashley demonstrated that a resin-
impregnated smear layer (so-called hybridized smear layer) is
formed on the authentic hybrid layer by incorporating rem-
nants of smear debris [4]. Remnants of smear debris could act
as a selective barrier for monomer infiltration into the under-
lying dentin and interfere with the interaction of self-etch sys-
tems and the underlying dentin [5, 6]. A hybridized smear
layer would weaken the physical and chemical properties of
the resin-dentin hybridized complex. Elimination of the hy-
bridized smear layer could lead to a higher quality hybridized
complex between dentin and self-etch adhesive systems.

The dentin smear layer is composed of disorganized
collagen debris-binding mineral particles [7]. The disorga-
nized collagen within the smear layer is not denatured, but
forms a gelatinous matrix around the mineral particles and
cannot be easily removed even with phosphoric acid etch-
ing [7]. Self-etch adhesive systems are mildly acidic when
compared with phosphoric acid and can therefore dissolve
mineral components and partially remove the mineral
phase of the smear layer. However, they cannot dissolve
organic components and the organic phase within the
smear layer therefore remains on the dentin surface.
Remnants of the organic phase in the smear layer might
be in essence, hybridized smear layer above the authentic
hybrid layer formed with self-etch adhesives. Therefore,
deproteinization of the smear layer prior to application of
self-etch adhesives would lead to elimination of the hy-
bridized smear layer and facilitate adhesive monomer in-
filtration into the dentin substrate [8••, 9••]. Additionally,
deproteinization of the smear layer would lead to an in-
crease in the mineral/organic ratio on the smear layer-
covered dentin surface and a decrease of surface water
content due to removal of hydrated organic phase [8••,
10–12], which would be advantageous for chemical inter-
actions of adhesive monomers with hydroxyapatite in
dentin [11, 12].

Smear Layer-Deproteinization with NaOCl
and HOCl Solutions

A 2.5–6% NaOCl solution is widely used as an endodontic
antiseptic and irrigation solution, due to its debriding,
deproteinizing, and antimicrobial properties. However, it is
an irritant and is cytotoxic because of its extreme alkalinity
(pH 10.8–13.2). NaOCl dissociates into Na+ and OCl− ions
and establishes HOCl in water. The proportion of HOCl and
OCl− ions in the solution depends on the pH [13]. That is,
above pH 9, almost all HOCl ionizes to OCl−, and at a pH
of approximately 6, the majority of the chlorine is in the form
of HOCl [13]. Therefore, in NaOCl solution, almost all the
chlorine is present in the OCl− form. The OCl− ion is the
determining factor for proteolytic activity, because the OCl−

ion gives rise to protein chlorination and chloramines, which
are then broken down into nitrogen-centered radicals and in-
duce the fragmentation of proteins [14]. NaOCl treatment for
20, 40, and 120 s can increase the mineral to matrix ratio in
smear-layer covered dentin by dissolution of the gelatin-
converted collagen part of the smear layer [10].

HOCl is a major inorganic bactericidal compound, which
provides innate immunity. Owing to its strong chlorinating
and oxidizing actions, HOCl exhibits a rapid reaction in a
broad range of microorganisms and organic materials [13,
15], and is considered to be 20–300 times more effective for
antimicrobial ability than OCl− [16]. Additionally, in agricul-
tural science, HOCl leaves fewer residues on the treated sur-
face than NaOCl. It has been stated that the high reactivity of
NaOCl to amino acids makes washing it away difficult even
after several rinses with water [17]. NaOCl solution leaves
significantly higher chlorine residues on dip-treated surfaces
(spinach and lettuce leaves) than HOCl [18]. HOCl solution,
such as Comfosy (Haccpper Advance), which is developed at
pHs of 7.0–6.4 by neutralizingNaOCl with HCl, has outstand-
ing properties because not only does it have immediate and
highly effective antimicrobial and deproteinizing properties
even at lower chlorine concentrations, but is also biocompat-
ible and has low cytotoxicity.

For the HOCl solution, Comfosy (Haccpper Advance), in-
creasing the chlorine concentration decreases the pHs of the
solutions (7.0, 6.7, and 6.4 of pH in 50, 100, and 200 ppm
Comfosy, respectively) [19••]. Higher chlorine concentrations
(100 and 200 ppm) in Comfosy, cause a slight reduction in
treated dentin surface pH values, whichmight partially demin-
eralize the dentin surface because these are slightly lower than
the dentin critical pH (pHs 6.5–6.7) [19••]. On the other hand,
50 ppm Comfosy does not change the dentin surface pH,
regardless of the application time (5, 15, or 30 s) [19••].
Fifteen-second and 30 s applications of 50 ppmHOCl solution
(pH 7.0; Comfosy) on smear layer-covered dentin surface has
a comparable deproteinizing ability to a similar duration treat-
ment with 6% NaOCl solution, in which the mineral to matrix
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ratio increased at the smear layer-covered dentin surface [8••].
The “top-down” removal of the organic phase from the min-
eralized dentin by NaOCl solution is diffusion-controlled and
is both time and concentration-dependent [20], because the
OCl− ion is capable of infiltrating mineralized collagen [20].
Dentin exposed to 2% NaOCl for 4 h did not exhibit erosion
but the presence of an intact dentin surface, and dentinal tu-
bules of a normal dimension with barely visible lateral
branches from the tubules were observed using TEM [20].
Following 15 and 30-s treatment with 6%NaOCl, appreciable
morphological alterations could not be detected at the smear
layer-covered dentin surface using SEM imaging [20]. These
results would indicate that the deproteinization by the 15 and
30-s treatments of 6% NaOCl on smear layer-covered dentin
surface does not extend to the underlying mineralized colla-
gen. Presumably, deproteinization of the mineralized dentin
by HOCl solution would be influenced by diffusion of
HOCl molecules from the top surface of the smear layer-
covered dentin, which is dependent upon the chlorine concen-
tration and the application time. Therefore, 15 or 30-s
deproteinization with 50 ppm HOCl solution would be more

limited within the smear layer than that occurring with a 6%
NaOCl solution because of the lower concentration of chlo-
rine and higher molecular weight of HOCl.

Bonding Efficacy of Self-Etch Adhesive
Systems to NaOCl-Deproteinized Dentin

Unfortunately, 15-s smear layer-deproteinization with 6%
NaOCl slightly remained the hybridized smear layer at the
adhesive interface of Clearfil SE Bond (Fig. 1) [8••] and could
not improve the dentin bond strengths of the self-etch adhe-
sives; Clearfil SE Bond (Kuraray Noritake Dental Inc.),
Clearfil Protect Bond (Kuraray Noritake Dental Inc.), and
Bond Force (Tokuyama Dental Corp) [19••, 21••]. On the
other hand, it has been demonstrated that pretreatments with
6% NaOCl lasting more than 30s have an adverse effect on
their dentin bond strengths [19••, 21••], and 30-s smear layer-
deproteinization with 6% NaOCl severely increased
nanoleakage formation at the adhesive interface of Clearfil
SE Bond (Kuraray Noritake Dental Inc.) although the

Fig. 1 Demineralized TEM micrographs of the resin-dentin interface of
Clearfil SE Bond with and without 6% NaOCl and 50 ppm HOCl
deproteinizing. After pretreatment with 6% NaOCl and 50 ppm HOCl,
bonded dentin slabs with Clearfil SE Bond were fixed and ultrathin-
sectioned perpendicular to the adhesive interface. The specimens were
demineralized and stained by 1% phosphotungstic acid followed by 2%
uranyl acetate for examining the status of collagen at the resin-dentin

interface using a transmission electron microscope. The thick
hybridized smear layer (Hs) can be seen on the authentic hybrid layer
(Ha) in the no treatment group. The 15-s NaOCl deproteinizing slightly
remained the hybridized smear layer, but the 30 s NaOCl deproteinizing
could completely eliminate the hybridized smear layer. On the other hand,
both 15 and 30-s HOCl deproteinizing could completely eliminate the
hybridized smear layer. From Thanatvarakorn et al. [8••] with permission
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hybridized smear layer was eliminated (Figs. 1 and 2) [8••].
This is thought to be because the reactive residual free-radicals
generated by the oxidizing effect of NaOCl compete with the
propagating vinyl free-radicals generated during light-
activation of the adhesive, leading to incomplete polymeriza-
tion by premature chain termination [22]. However, these
compromised bond strengths to NaOCl-treated dentin can be
recovered by applying 10% sodium ascorbate solution for
longer than 60 s before the adhesive procedure [22], because
it can interact with the by-products of NaOCl [23], resulting in
neutralization and reversal of the oxidizing effect of the
NaOCl-treated dentin surface [23]. In addition to this method,
using a scrubbing technique for applying self-etch adhesives
to NaOCl-treated dentin was reported to have a reversal effect
on the compromised bonding because it could effectively re-
move the oxidized-byproducts on NaOCl-treated dentin as
well as dentin smear layer [24].

Prasansuttiporn et al. evaluated the effect of three reduc-
ing agents/anti-oxidants: 10% sodium ascorbate, 100 μM
rosmarinic acid, and p-toluenesulfinic acid sodium salt
(Accel; Sun Medical) solutions on the bond strengths of a
self-etch adhesive (Clearfil Protect Bond, (Kuraray Noritake
Dental Inc.)) to pretreated dentin with 6% NaOCl for 30 s
[25••]. Accel and rosmarinic acid solutions improved bond
strengths to NaOCl-treated dentin with a shorter application
time (5 or 10 s) more than the sodium ascorbate solution.
The p-toluenesulfinic acid sodium salt containing in Accel is
an efficient accelerator for polymerization of resin compos-
ites, of which the reducing ability can recover the residual
oxidizing effects at NaOCl-treated dentin by a redox reac-
tion. The subsequent Accel application to NaOCl-treatment
can improve nanoleakage formations and completely elimi-
nate them at the adhesive interface of Clearfil SE Bond to
15-s NaOCl-treated dentin (Fig. 2) [8••]. Rosmarinic acid

Fig. 2 Silver-stained TEM micrographs of resin-dentin interfaces of
Clearfil SE Bond and Clearfil SE One. After pretreatment with 6%
NaOCl or 50 ppm HOCl, Clearfil SE Bond or Clearfil SE One was
applied to dentin surface. The bonded dentin slabs were immersed in
ammoniacal silver nitrate solution for 24 h and then in photo-
developing solution for 8 h under a fluorescent light. After fixed with
osmium tetroxide and embedded in epoxy resin, the specimens were
ultrathin-sectioned perpendicular to the adhesive interface. The
nanoleakage expression of the adhesive interface was examined using a
transmission electron microscope. Clearfil SE Bond; 15-s NaOCl

treatment increased nanoleakage expression with silver deposits
(arrow). The following application of Accel could completely reduce
nanoleakage expression in the 15-s NaOCl-treated dentin. On the other
hand, 15-s HOCl (50 ppm) treatment decreased nanolekage expression.
Clearfil SE One; 15-s HOCl (50 ppm) treatment increased nanoleakage
expression with silver deposits (arrow). The following application of
Accel could completely decrease nanoleakage expression. Ha authentic
hybrid layer, Hs Hybridized smear layer. From Thanatvarakorn et al. [8••,
9••] with permission

Curr Oral Health Rep



extracted from rosemary has cross-linking and MMPs-
inhibitor abilities as well as a high antioxidant capacity.
Host-derived matrix metalloproteinases (MMPs) in human
dentin can cause degeneration of exposed dentin collagen
fibrils within the hybrid layer, leading to the loss of hybrid
layer integrity and the reduction of resin-dentin bond
strengths over time [26, 27]. The MMP-inhibitor ability of
rosmarinic acid could improve the stability of resin-dentin
bonds. Prasansuttiporn et al. demonstrated that application of
rosmarinic acid and Accel could improve the bonding dura-
bility in vitro of a self-etch adhesive (Clearfil SE Bond
(Kuraray Noritake Dental Inc.)) to normal as well as 30-s
smear layer-deproteinized dentin with 6% NaOCl [28].

Bonding Efficacy of Self-Etch Adhesive
Systems to HOCl-Deproteinized Dentin

Both 15 and 30-s smear layer-deproteinization with
50 ppm HOCl solution has been shown not to change
the dentin bond strengths of Clearfil SE Bond (Kuraray
Noritake Dental Inc.) [21••]. However, TEM observation
of the resin-dentin interface revealed that both 15 and 30-s
smear layer-deproteinization with 50 ppm HOCl solution
resulted in reduced nanoleakage expression in the hybrid
layer and elimination of the hybridized smear layer (Figs.
1 and 2) [8••]. On the other hand, 15-s smear layer-
deproteinization with 6% NaOCl could not completely
eliminate the hybridized smear layer and increased
nanoleakage expression in the hybrid layer (Figs. 1 and
2) [8••]. These findings can be attributed to the fact that
50 ppm HOCl solution has a higher capacity to dissolve
organic components and is easily washed away from the
treated surface, leading to less residual oxidizing effects.

On the other hand, when a one-step self-etch adhesive,
Clearfil SE One (Kuraray Noritake Dental Inc.) was used,
nanoleakage expression increased when smear layer
deproteinization with 50 ppm HOCl solution was undertaken
for 15 s but reduced following the application of Accel (Sun
Medical) (Fig. 2). These results can be attributed to the differ-
ent polymerization systems in the adhesive systems as a result
of different polymerization catalysts and accelerators.
Thanatvarakorn et al. demonstrated that smear layer-
deproteinization using 50 ppm HOCl solution for 15 s follow-
ed by the application of Accel could improve the quality of
resin-dentin interface of the one-step self-etch adhesives
BeautiBond Multi (Shofu Dental Corp.) and Bond Force
(TokuyamaDental Corp.) by eliminating the hybridized smear
layer and preventing nanoleakage formation in the hybrid lay-
er [9••]. In the case of Clearfil SE One (Kuraray Noritake
Dental Inc.) and Scotchbond Universal (3M), which both con-
tain the functional monomer, MDP, significant increases in
dentin bond strengths were observed but there were no

morphological improvement alterations at the adhesive inter-
face [9••], which would be the result of enhanced chemical
interactions to smear layer-deproteinized dentin through the
formation of MDP-Ca salts [11]. Presumably, the positive ef-
fect of smear layer-deproteinization on the dentin bonding of
self-etch adhesives would be influenced by the types of
deproteinizing solutions and their application time, along with
differences in the adhesive materials.

Bonding to Caries-Affected Dentin

When investigating bond strengths of adhesive systems,
the limited size and irregular shape of caries-affected den-
tin creates technical difficulties. The microtensile bond test
allows to assess the bond strength to caries-affected dentin,
because it permits tensile bond strengths to be measured in
samples as small as 0.5 mm2. Using this method, it has
been reported that bonding to caries-affected dentin results
in lower bond strengths than normal dentin, regardless of
the type of adhesive system (etch and rinse system or self-
etch system; one-, two,- or three-step bonding procedure)
[29••, 30–38], in which cohesive failure of specimens in
dentin increases in resin-bonded caries-affected dentin [33,
34, 37]. A reduction in the cohesive strength of caries-
affected dentin would be one of the reasons for lower bond
strength values to caries-affected dentin compared with
normal dentin [33]. Changes in the chemical and morpho-
logical characteristics of caries-affected dentin (i.e., alter-
ation of apatite crystallites and intercrystalline spaces, re-
duction of mineral/organic ratio, increase in water content
in intertubular dentin, presence of mineral deposits in den-
tinal tubules) would be also reasons for the inferior bond-
ing performance to caries-affected dentin [39••]. In addi-
tion, caries-affected dentin produces thicker and more po-
rous hybrid layers than normal dentin, because caries-
affected dentin is partially demineralized and is more sus-
ceptible to acid etching, which results in the formation of a
deeper demineralized zone (Fig. 3) [29••, 30–33, 37, 40].

Improving the Adhesion of Self-Etch Adhesive
Systems to Caries-Affected Dentin Using
Smear Layer-Deproteinization with NaOCl
and HOCl Solutions

The smear layer differs little in composition from the under-
lying dentin [41]. Therefore, the morphological and chemical
structure of the smear layer formed on caries-affected dentin
would be quite different from that formed from normal dentin,
because caries-affected dentin is partially demineralized as a
result of the cyclical process of demineralization and
remineralization. Therefore, when compared with normal
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dentin, the smear layer on caries-affected dentin is thicker and
appears to be enriched with organic components (Fig. 3) [20,
42]. The thicker gelatinized collagen layer within the smear
layer of caries-affected dentin has been shown to hinder ad-
hesive monomer infiltration and prevent a perfect seal at the
resin-dentin interface, resulting in inferior adhesion for self-
etch adhesive systems bonded to caries-affected dentin [39••].

Taniguchi et al. demonstrated that 15 s of 6%NaOCl smear
layer-deproteinization could significantly improve the bond
strengths of the two-step self-etch adhesive, Clearfil Protect
Bond (Kuraray Noritake Dental Inc.) and the one-step self-
etch adhesive, Bond Force (Tokuyama Dental Corp.), to
caries-affected dentin, while it did not alter the bond strengths
to normal dentin [20]. On the other hand, 30-s NaOCl smear
layer-deproteinization did not affect the bond strengths to

caries-affected dentin, but reduced the bond strengths to nor-
mal dentin [20]. Deproteinization using NaOCl causes dra-
matic morphological changes on smear layer-covered caries-
affected dentin, in which the smear layer is eroded and
thinned, depending upon the application time [21••]. Pre-
removing the abundant organic phase within the smear layer
of caries-affected dentin could offer an advantage for adhesive
monomer infiltration. However, it has been speculated that
applying NaOCl for 30 s or longer, results in a negative oxi-
dizing effect within the treated dentin on the polymerization of
the adhesive resin. A subsequent application of a reducing
agent (Accel; Sun Medical) is effective in recovering this neg-
ative effect of the NaOCl-deproteinized dentin on polymeri-
zation, leading to increased bond strengths to caries-affected
dentin as well as normal dentin [21••].

Fig. 3 a SEM micrographs of caries-affected dentin surface. After
pretreatment with or without 50 ppm HOCl, morphological alterations
of caries-affected dentin surface covered with smear layer were
investigated using a scanning electron microscope. a-1 No treatment
group: the smear layer of caries-affected dentin was thick, irregular, and
organic-rich with fibril-like structures. a-2 5-s HOCl (50 ppm)
deproteinizing group: the smear layer was eroded and thinned due to
dissolution of organic phase. From Kunawarote et al. [42] with
permission. b Demineralized TEM micrographs of the adhesive
interface of Clearfil SE Bond to caries-affected dentin. After

pretreatment with or without 50 ppm HOCl, Clearfil SE Bond to caries-
affected dentin surface. The bonded specimens were demineralized and
stained by 1% phosphotungstic acid followed by 2% uranyl acetate for
examining the hybrid layer formation using a transmission electron
microscope. b-1 no treatment group: The thick hybridized smear layer
(Hs) above the authentic hybrid layer (Ha) was seen and porous zone at
the bottom of the authentic hybrid layer was observed (arrow). b-2 5-s
HOCl (50 ppm) deproteinizing group: the thin and uniform authentic
hybrid layer (Ha) was seen without the hybridized smear layer. From
Nakajima et al. [39••] with permission
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Kunawarote et al. described the effect of smear layer-
deproteinization using 50 and 100 ppm HOCl solutions
(Comfosy) on bonding to caries-affected dentin [42]. A five-
second smear layer-deproteinization with 50 ppm HOCl solu-
tion significantly improved the bond strengths of Clearfil SE
Bond (Kuraray Noritake Dental Inc.) to caries-affected dentin;
however, 5-s smear layer-deproteinization with 6% NaOCl
and 100 ppm HOCl solutions did not affect them [42]. TEM
micrographs of the adhesive interface of caries-affected dentin
revealed that the authentic hybrid layer had been thinned and
the hybridized smear layer was absent (Fig. 3) [39••].
Therefore, 5-s smear layer-deproteinization with 50 ppm
HOCl solution can improve the quality of the hybrid layer of
caries-affected dentin using Clearfil SE Bond (Kuraray
Noritake Dental Inc.) by eliminating the hybridized smear
layer through the removal of disorganized/gelatinized colla-
gen and enhancing adhesive monomer infiltration (Fig. 3)
[39••], leading to the formation of a more stable adhesive
interface at the caries-affected dentin surface. Smear layer-
deproteinization in conjunction with self-etch adhesives is
more effective in improving the bonding efficacy to caries-
affected dentin than normal dentin because caries-affected
dentin produces a thick organic-rich smear layer.

Concluding Remarks

When caries is managed according to the concept of min-
imum intervention and the cavity is to be restored using an
adhesive composite restoration, large areas of the cavity
walls are composed of caries-affected dentin after removal
of caries-infected dentin. However, caries-affected dentin
produces inferior bonding performance and a poorer qual-
ity adhesive interface than normal dentin because of alter-
ation of the morphological, chemical, and physical proper-
ties of caries-affected dentin [39••]. In addition, when the
adhesive interface of caries-affected dentin is exposed to
the oral environment, a poor quality hybrid layer would
result in compromised dentin bonding durability due to
hydrolysis at adhesive interface [40]. Caries-affected den-
tin still presents challenges as bonding substrate compared
with normal dentin. However, there are only a few pub-
lished studies on adhesion using caries-affected dentin as a
bonding substrate because it is difficult to obtain many
extracted human teeth with similar-sized carious dentin
lesions. Therefore, bonding studies using artificial dentin
caries induced by various methods have been conducted
[43–48]; however, in some of these studies, preparation
of smear layers on artificial caries-affected dentin surfaces
has not been clarified. For self-etch adhesive systems, the
characteristics of the smear layer is one of the important
influencing factors on their dentin bonding performance
and therefore smear layers should be prepared on the

chosen substrates when investigating the bonding perfor-
mance of self-etch adhesive systems.

Unfortunately, many clinical studies have reported the
failure cases of resin composite restoration, of which a
main reason is secondary caries [49–52]. Considering sec-
ondary caries, wall lesion is mainly developed by interfa-
cial gap formation between the resin composite and cavity
walls, because saliva, fluid, and acids will enter the gap,
and the cariogenic bacteria in the saliva will grow when the
environment of gap is appropriate [53]. Thus, maintaining
the integrity of adhesive interface in composite restoration
would be an important factor for survival of the composite
restored-tooth. However, even when an initial bonding
with self-etch adhesives is sufficiently obtained, the adhe-
sive interface would degrade over time [3] due to the
nanoleakage formation at the interface and/or presence of
hybridized smear layer with weak physical and chemical
properties [8••, 9••], leading to deterioration of the sealing
between resin composite and cavity walls. Smear layer-
deproteinization with NaOCl and HOCl solutions can im-
prove the quality of resin-dentin interface of self-etch ad-
hesives through elimination of the hybridized smear layer,
development of monomer infiltration, and enhancement of
the chemical interaction between functional monomers and
the underlying dentin [8••, 9••, 11, 12, 19••, 21••]. In the
oral environment, the prepared dentin surface is occasion-
ally contaminated by blood and saliva, and the dentin
smear layer may trap bacteria. HOCl solution could be
used as a cavity cleanser before placement of the restora-
tion to eliminate these effects, which may impair the integ-
rity of restored tooth, because it has a rapid and broad-
spectrum antimicrobial activity against microorganisms
with less irritating and sensitizing properties compared
with NaOCl solution [13]. Smear layer-deproteinization
with HOCl solution along with the subsequent application
of an antioxidant/reducing agent could improve dentin
bonding durability of self-etch adhesive systems [25••,
28], leading to enhancement of the longevity of composite
restorations and protection against secondary caries and
tooth fracture. In particular, with regard to bonding to
caries-affected dentin with a thicker organic-rich smear
layer, this potential improvement should be considered as
a novel method for dentin surface modification in conjunc-
tion with self-etch adhesive materials [39••, 42].
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