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Smear layer deproteinization with NaOCl and HOCI: Do application/wash-out
times affect dentin bonding of one-step self-etch adhesives?
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This study investigated the influence of application/wash-out times of sodium hypochlorite (NaOCl) and hypochlorous acid (HOCI)
on dentin bond strength of one-step self-etch adhesives (1-SEAs). Human coronal dentin discs with a standardized smear layer were
pretreated with 6% NaOC]l or 100 ppm HOCI for 5 s, 15 s, or 30 s, and washed out with water for 5 s, 15 s or 30 s with or without the
application of Clearfil DC Activator (CDA). No pretreatment was used as a control. The discs were bonded with a 1-SEA (Bond Force
IT or Clearfil Universal Bond Quick) and microtensile bond strength (WTBS) was measured after 24 h. Pretreatment with NaOCl for
15 s and 30 s significantly decreased nTBS (p<0.05), irrespective of wash-out time. The application of CDA recovered uTBS but did
not outperform the control group. Conversely, pretreatment with HOCI for 15 s and 30 s followed by 30 s wash-out time significantly
increased pTBS of 1-SEAs (p<0.05), regardless of CDA application.
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INTRODUCTION

The use of self-etch adhesives (SEAs) is widespread
owing to their excellent bonding to tooth substrates, low
incidence of postoperative sensitivity, and easy handling.
However, their mild acidity compared to phosphoric
acid induces an incomplete removal of the smear layer,
which is therefore partially incorporated in the adhesive
interface’?. The hybridized remnants of the smear
debris are considered problematic, because they have
no stable connection with the underlying intact dentin,
rendering the adhesive interface prone to deterioration
in the long term?.

It has recently been reported that the application
of 6% sodium hypochlorite (NaOCl) or 50-200 ppm
hypochlorous acid (HOCI) solutions can dissolve the
organic phase of the smear layer, thus increasing the
mineral-to-organic ratio on the bonding surface and
thinning the smear layer*'?. In addition, when bonding
with SEAs, the deproteinizing pretreatment of dentin
surfaces covered with a smear layer can prevent
the formation of the hybridized smear layer, and it
significantly improves the bonding of SEAs to caries-
affected dentin, that is covered with a thicker and
collagen-rich smear layer*®®. However, free radicals are
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produced during the action of deproteinizing agents, and
their presence on the treated surfaces has been reported
to adversely affect the polymerization of the adhesives
through premature chain termination!”. To overcome
this issue, the subsequent application of antioxidants/
reducing agents such as sodium p-toluenesulfinate has
been proposed”019,

NaOCl solutions (2.5%—6%) are widely used in
endodontics for debridement, deproteinization, and
disinfection'. However, the extreme alkalinity of NaOCl
(pH 10.8-13.2) makes it possibly toxic and irritating!61?,
The active component of NaOCl that accounts for
deproteinization is OCl, whose concentration is pH-
dependent. OCI remains dissociated at pH levels
above 9, whereas at a pH of approximately 6, it may
form HOCI®29, whose chlorinating and oxidizing
actions are stronger than those of OCl 2?2, Therefore,
NaOClI solutions mainly contain the less effective OCl .
Additionally, NaOCI is difficult to wash away from the
treated biological surfaces because of its high reactivity
with amino acids?.

In contrast, surface treatment with HOCI leaves
significantly fewer chlorine residues than NaOCI?%.
HOCI solutions also have a lower pH than NaOCl
and thus exhibit higher antimicrobial and oxidizing
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properties even at considerably lower chlorine
concentrations!®?2220_ - Additionally, HOCl was shown
to be non-irritating and non-sensitizing®”, as opposed to
NaOCl. In oral applications, HOCI can be used as a mouth
rinse®?, even though its taste is reportedly disagreeable
and results in a greater dry tissue sensation than
chlorhexidine®. Recently, it has also been suggested that
HOCI solutions could serve as a therapeutic agent for
periodontitis®® or an endodontic irrigant®”. In relation to
smear layer deproteinization, it has been demonstrated
that HOCI has a similar or better deproteinizing effect
on smear layer-covered dentin than NaOCI1?. Moreover,
HOCI can be rinsed off the treated surface more easily
than NaOCI, which could minimize the negative effect
of residual oxidizing radicals on the polymerization of
adhesives®.

The promising effects of HOCl are presumably
dependent on its application time and/or wash-out time;
however, their influence has not been fully clarified
to date. Therefore, the objective of this study was to
determine the optimal application/wash-out time of 100
ppm HOCI for smear layer deproteinization. The effect
of pretreatment with HOCI] on the microtensile bond
strength (WTBS) of one-step self-etch adhesives (1-SEAs)
to dentin was compared to that of 6% NaOC]l. The selected
1-SEAs differed in the content of adhesion-promoting
and hydrophilic monomers. Additionally, attenuated
total reflection Fourier transform infrared (ATR-FTIR)
spectroscopy was used to assess the deproteinizing
effects of the NaOCl and HOCI solutions by measuring
changes in the amide-to-phosphate ratio on the dentin
surfaces. Morphological alterations of the treated
surfaces were investigated using a scanning electron
microscope (SEM). The null hypothesis was that the
application time and wash-out time of the deproteinizing
solutions would not affect the pTBS of 1-SEAs to dentin

Table 1 Materials used in this study

and the dissolution of the organic phase of the dentin
smear layer.

MATERIALS AND METHODS

Two 1-SEAs were used in this study, Bond Force II
(BF2; Tokuyama Dental, Tsukuba, Japan) and Clearfil
Universal Bond Quick (UBQ; Kuraray Noritake
Dental, Tokyo, Japan). A sulfinate-containing dual-
cure activator (Clearfil Dual Cure Activator; CDA,
Kuraray Noritake Dental) was used as a reducing agent.
While the instructions for use of BF2 advise against
combination with other brands, CDA was used with both
1-SEAs, because Tokuyama Dental does not offer any
sulfinate-containing agent and our pilot study confirmed
the compatibility of BF2 with CDA. A resin composite
(Clearfil AP-X; Kuraray Noritake Dental) was used for
build ups of the pTBS specimens. The overview of these
materials’ composition and application procedure is
presented in Table 1. A 6% NaOCI solution (pH 12.2;
Jiaen 6%, Yoshida, Tokyo, Japan) and a 100 ppm HOCI
solution (pH 6.8) were used as deproteinizing agents.
The 100 ppm HOCI solution was prepared by diluting
a 500 ppm HOCI solution (Dent Zia; Tokuyama Dental)
with water, and its pH was adjusted to 6.8 with 1 M
NaOH.

uTBS test

1. Specimen preparation

Two hundred extracted sound human third molars were
collected and stored in periodically changed distilled
water at 4°C. Their use was approved by the Ethics
Committee of Tokyo Medical and Dental University
(protocol number 2013-022). Within six months of
extraction, occlusal enamel was removed using a model
trimmer under water cooling, and the exposed midcoronal

Material Batch

Composition

Application procedure

Bond Force 11
(Tokuyama Dental, 130
Tsukuba, Japan) pH 2.8

Clearfil Universal Bond
Quick

(Kuraray Noritake Dental,
Tokyo, Japan) pH 2.3

6K0215

Clearfil DC Activator

(Kuraray Noritake Dental) ~ C110009

ethanol

Clearfil AP-X

(Kuraray Noritake Dental) BRO104

self-reinforcing phosphoric acid
monomer, Bis-GMA, TEGDMA,
HEMA, alcohol, water,
camphorquinone, sodium fluoride

10-MDP, Bis-GMA, HEMA,
hydrophilic amide monomer, colliodal
silica, ethanol, dl-camphorquinone,
accelerators, water, sodium fluoride

arylsulfinate salt, accelerators,

Bis-GMA, TEGDMA, camphoquinone,
photoinitiators, pigments, silanated
barium glass, silanated silica

1. Apply adhesive and wait for 10 s
2. Dry with gentle air for 5 s
3. Light-cure for 10 s

1. Apply adhesive with rubbing
motion (no waiting time)

2. Dry with gentle air for 5 s

3. Light-cure for 10 s

1. Apply activator and wait for 5 s
2. Dry with gentle air for 5 s

1. Apply the resin composite with a
maximum thickness of 2 mm

2. Light-cure for 10 s

3. Repeat three times

Bis-GMA: bisphenol A-glycidyl methacrylate,

TEGDMA:

triethyleneglycol dimethacrylate, HEMA: 2-hydroxyethyl

methacrylate, 10-MDP: 10-methacryloyloxydecyl dihydrogen phosphate
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dentin surfaces were ground with 600-grit SiC paper
under running water for 30 s to produce a standardized
smear layer. They were then randomly divided into three
groups according to the surface pretreatment conditions:
no pretreatment (control group), pretreatment with 6%
NaOCI or 100 ppm HOCI. A drop of the deproteinizing
solution was gently spread over the entire dentin surface
using a disposable microbrush (regular size, Shofu, Kyoto,
Japan) for 5 s, 15 s, or 30 s. After the pretreatment, the
deproteinized specimens were further divided into four
groups according to the wash-out time and application
of CDA: 5 s, 15 s or 30 s of washing out without the
application of CDA, and 30 s of washing out followed by
the application of CDA for 5 s. After the dentin surfaces
were air-dried, either of the 1-SEAs (BF2 or UBQ) was
applied according to the manufacturer’s instructions
(Table 1) and light-cured for 10 s (1,000 mW/cm?; Valo,
Ultradent, South Jordan, UT, USA). Lastly, the bonded
dentin surfaces were built up with three increments of
Clearfil AP-X that were light-cured for 20 s each. The
study design is illustrated in Fig. 1.

2. uTBS test

After 24 h of storage in distilled water at 37°C, the
specimens were cut in two directions to fabricate beams
with a cross-sectional area of 1.0+0.1 mm? using a slow-
speed diamond saw (Isomet, Buehler, Lake Bluff, IL,
USA) under water cooling. Four beams from the central
part of the specimens were used, adding up to 16 beams
per group. Each beam was glued onto a nTBS testing jig
and stressed in tension in a universal testing machine
(EZ-SX Test, Shimadzu, Kyoto, Japan) at a crosshead
speed of 1 mm/min.

The uTBS data were statistically analyzed using
the IBM SPSS Statistics software (version 27.0;
IBM, Chicago, IL, USA) at the significance level of
0.05. The Kolmogorov-Smirnov test showed that the
distribution of the uTBS data was normal. A three-
way ANOVA (variables: application time, wash-out
time, and adhesives) was performed separately for each

deproteinizing solution (NaOCl and HOCI). Additional
three-way ANOVAs (variables: application time, CDA
application, and adhesives) were performed to test the
effect of CDA. Multiple comparisons between the means
were performed using Dunnett’s T3 tests.

Fractographic analysis

The dentin and composite fragments of the beams were
desiccated, sputter-coated with gold, and observed using
the JSM-IT100 SEM (JEOL, Tokyo, Japan). Failure
modes were classified as follows: adhesive failure (>80%
of the fracture occurred at the dentin-adhesive interface),
cohesive failure in dentin (>80% of the fracture occurred
in the underlying dentin), cohesive failure in resin
(>80% of the fracture occurred in the adhesive and/or the
overlying resin composite), or mixed failure (combination
of adhesive and cohesive failure, each accounting for
<80% of the fracture). Failure modes were statistically
analyzed using the non-parametric Pearson’s chi-square
test at the significance level of 0.05 (IBM SPSS Statistics
version 27.0, IBM).

ATR-FTIR spectroscopy

Ninety 2-mm-thick midcoronal dentin discs with a
standardized smear layer were prepared as described
above. Prior to the pretreatment, control spectra were
collected from all the dentin specimens using the FTIR-
8300 spectrometer (Shimadzu) in the range of 750—4,000
cm™! at a resolution of 4 cm™ by the co-addition of 64
scans. The specimens were then pretreated with the
NaOCl or or HOCI solution and washed-out with water
as mentioned above (n=5). The spectra of the pretreated
specimens were collected using identical settings. The
deproteinizing effect was assessed by comparing the
collagen-to-apatite ratio before and after pretreatment.
The amide I band at 1,643 cm™! (stretching vibrations
of C=0) was selected as representative of collagen, and
the v; band at 1,026 cm™ (stretching vibrations of P-O)
represented apatite®®3?. The amide-to-phosphate ratios
were statistically analyzed using a three-way repeated

| Study groups |
! 1! !
| NaOCl I HOCI |
! 1
Application time Application time
No [ 5s [ 15s ][ 30s |||[ _5s [ 15s ][ 30s |
pretreatment T T
Wash-out time Wash-out time
[ 5s |[ 15s |[ 30s |[3osccoa]||[ 5s ][ 15s | 30s ][ 30s/CDA ]
1
Adhesives
| Bond Force Il | | Clearfil Universal Bond Quick |

1

| Microtensile bond strength test |

Fig. 1

CDA: Clearfil DC Activator

Study design with the arrangement of groups for the uTBS test.
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measures ANOVA (variables: deproteinizing agent,
application time, and wash-out time), and Tukey’s HSD
test was used for multiple comparisons at the significance
level of 0.05 IBM SPSS Statistics version 27.0, IBM).

SEM

Thirty-six additional flat dentin surfaces were prepared
as described above for the ultrastructural observation of
the smear layer-covered dentin surfaces. The specimens
were pretreated with the NaOCl or HOCI solution
and washed-out with water as mentioned above, and
untreated specimens were used as the control (n=2).
The specimens were fixed using 2.5% glutaraldehyde
for 2 h at 4°C, followed by a 0.1% osmium solution for
2 h at 4°C, and serially dehydrated with ethanol as
follows: 50%, 70% and 80% ethanol for 25 min each at
4°C, then 90% and 95% ethanol for 25 min each at room
temperature, and finally 100% twice for 25 min. After
immersion in hexamethyldisilazane (HMDS) for 10
min, the specimens were dried in a desiccator at room
temperature for 24 h?». They were then sputter-coated
with gold and observed using the JSM-IT100 SEM at a
magnification of 5,000%.

RESULTS

uTBS

The three-way ANOVAs revealed that the application
time of both NaOCl and HOCI (p<0.001), wash-out
time (p<0.001), and type of adhesive (p<0.001) had a
significant effect on pTBS. The subsequent application
of CDA significantly affected uTBS to NaOCl-pretreated
dentin (p<0.001), but did not significantly affect pTBS to
HOCI-pretreated dentin (p=0.62). There were significant
interactions between the application time of HOCI and
wash-out time (p<0.001), between the application time
of HOCI and type of adhesive (p=0.007), and between
the application time of NaOCl and the subsequent
application of CDA (p<0.001). Interactions among the
three independent variables were not statistically
significant (p>0.05).

The uTBS of UBQ was significantly higher than
that of BF2 in all the experimental groups, but the
pretreatments had the same effects on both adhesives
(Table 2). The pretreatment with NaOCl and HOCI for
5 s did not significantly affect their p'TBS (p>0.05). In
contrast, the pretreatment with NaOCI for 15 s or 30

Table 2 Means and standard deviations of microtensile bond strengths (MPa, n=16)

Smear layer deproteinization

BF2 UBQ
Agent Application time Wash-out time
No (control) 61.1 (2.0)42 75.4 (3.0)AP
55 59.0 (5.3) 4 74.0 (3.0)A°
5 155 57.4 (7.0)4 75.5 (3.4) AP
30 s 58.7 (4.1) 75.2 (3.5) AP
30 s/CDA 59.9 (4.3) ¢ 76.7 (4.8) AP
55 50.8 (5.0)B» 62.5 (7.0) B>
155 52.1 (4.9)B» 66.3 (4.2) B>
NaOCl 15s 30 s 52.6 (5.7)Ba 68.0 (4.4) B>
30 s/CDA 62.0 (4.1) % 76.2 (3.7)AP
55 46.4 (4.8)P# 61.9 (6.35)"
30 15s 51.0 (5.2) B» 64.2 (3.8) B>
S 30 s 52.1 (5.4) B 66.5 (5.7) B
30 s/CDA 62.9 (5.2) % 75.6 (3.2) AP
55 61.6 (3.5) A 76.0 (7.9)AP
5 s 15s 61.9 (5.4)4= 75.5 (7.5) A0
30 s 61.2 (6.5) 4 75.5 (7.3) AP
30 s/CDA 63.0 (7.2) A 75.5 (3.3) AP
5s 64.4 (5.3)A 75.4 (8.3)AP
155 68.0 (9.8) A2 78.1 (8.3) AP
HOCl 15s 30 s 792.1 (6.0) C» 85.8 (6.7)Cb
30 s/CDA 73.0 (7.5)0* 86.8 (5.0) °»
5s 65.6 (5.1) A 77.9 (5.4) AP
30 s 155 66.1 (7.4) 4 81.3 (6.6) A"
30 s 78.4 (7.4)0» 85.3 (5.0) °»
30 s/CDA 76.1 (3.6) ©* 84.8 (3.9)C»

Significant differences (p<0.05) are indicated by different superscript upper letters in each column and by different superscript

lower letters in each row. BF2: Bond Force II, UBQ: Clearfil Universal Bond Quick, CDA: Clearfil DC Activator
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s significantly decreased n'TBS compared to untreated
dentin (p<0.05), irrespective of the wash-out time
(»>0.05). The application of CDA after the wash-out
for 30 s recovered the nTBS in groups pretreated with
NaOCl for 15 s or 30 s (p<0.05), but there was no
significant difference from the control group (»p>0.05).
The pretreatment with HOCI for 15 s or 30 s did not
significantly influence pnTBS if washed out for 5sor 15 s
(»>0.05), but the wash-out time of 30 s led to a significant
increase in p'TBS compared to the control group (»p<0.05),
regardless of CDA application (p>0.05).

Fractographic analysis

The failure mode distributions in each group are depicted
in Fig. 2. The majority of failures were adhesive or
mixed, and there were no significant differences among
the groups (p=1.00). Representative SEM images of the
failures of BF2 and UBQ are presented in Figs. 3 and 4,
respectively.

ATR-FTIR

The representative spectra of each experimental group
normalized to the v; band (1,026 cm™) are depicted in
Fig. 5. In comparison with the control group, the spectra
clearly show a reduction in the amide I band (1,643
cm?) after the pretreatment with NaOCl or HOCI for

Clearfil Universal Bond Quick

No pretreatment 7 6 -1
—_ 5-s WO 7 7 | =
g 15-s WO 7 A
= 30-s WO 6 s =
©  30sWO/ICDA = 4 8 =2
o 5-s WO 10 4 =
e 16-s WO 6 A0 T
= 30 WO 6 6 |- K]
€ 30 WOICDA 5 6 [ )
5 5.5 WO 6 7 3
- 8 15-s WO 6 7 [ B
s 7 30-s WO 5 SR
£ &  30swWoIcDA 4 7 -
g _ 5.5 WO 8 400 T
LIS 15.5 WO 8 40—
& 30-s WO 8 4 Et
© 30-s WOICDA 7 A
5 5-s WO 8 4 -
g 156-s WO 7( 4 | Ei
u“._; 30-s WO 5 6 . —
& 30-s WO/CDA 4 6 | i
- 5-s WO 8 6 2
§ 15-s WO 6 6 | =
Q“.J 30-s WO 5 7 | E
i 30-s WO/CDA 4 6 [ B
0% 20% 40% 60% 80% 100%
Adhesive failure Mixed failure
= Cohesive failure in dentin Cohesive failure in resin
Fig. 2 Distribution of the failure modes in each group.

15 s or 30 s. The three-way repeated measures ANOVA
revealed that amide-to-phosphate ratios (Table 3)
were significantly affected by the deproteinizing agent
(»<0.001) and application time (p<0.001), but not by
the wash-out time (p=0.762). Interactions between the
variables were not significant (p>0.05). The pretreatment
with either of the deproteinizing agents for 5 s did not
significantly affect the amide-to-phosphate ratio (p>0.05)
compared to the control group. However, the extension
of the application time to 15 s or 30 s significantly
decreased the amide-to-phosphate ratio with both
NaOCl and HOCI (p<0.05).

SEM

Representative SEM images of the smear layer-covered
dentin surfaces with no pretreatment and after the
pretreatment with NaOCl or HOCI are presented in Fig.
6. Without pretreatment, the smear layer was compact
and had a uniform texture, grooves produced by the SiC
paper were observed (Fig. 6a). The pretreatment with
deproteinizing agents did not remove the smear layer on
the dentin surface, irrespective of the application/wash-
out time (Figs. 6b—g).

No pretreatment 7/ 6 . 1
= 5.5 WO 8 4 w1
§ 15-s WO 7 7 m1
= 30-s WO 7 6 |2
© 305 WO/CDA 4 8 B
o 5-s WO 7 6 m2
2 16-s WO 6 6 m
F 305 WO 6 7 -
2 30.s WOICDA 4 7 =
5 5.5 WO 6 6 - 2
9 15-s WO 6 6 a1
r 30-s WO 5 6 m-m 3
&  30-s WO/CDA 4 7 - 2
_ 5.5 WO 6 6 1
§ 16-s WO 7 6 F El
p 30-s WO 7 6 m=
" 30-s WOICDA 4 8 1
5 5.5 WO 7 7 2]
e} 15-s WO 6 6 - E
F 30-s WO 6 6 2
~  30-sWO/CDA = 3 8 -
5 5.5 WO 7 7 1
2 15-s WO 6 6 -
2 30-s WO 5 6 . 2
@ 30-s WO/CDA 4 8 B

0% 20% 40% 60% 80% 100%

Adhesive failure Mixed failure

u Cohesive failure in dentin Cohesive failure in resin

Adhesive or mixed failures prevailed, and no significant difference was found in their distributions
among the groups (p=1.00). The numbers in bars indicate the number of specimens with the respective
failure mode. CDA: Clearfil DC Activator, WO: wash-out time
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Fig. 3 Representative SEM images of an adhesive failure
(a, b) and a mixed failure (c, d) of BF2.
Column 1 presents images at magnification 90X,
column 2 at magnification 1,000%, and column 3 at
magnification 5,000x. White arrows in a3 and c3
point at a structure that may represent a resin tag,
black arrows in b3 and d3 point at intertubular
collagen fibrils. A: adhesive, D: dentin, C: resin
composite

Resin side

Dentin side

[}
=
7}
=
7}
0}
[0z

Dentin side

Magnification: 90x Magnification: 1000x

Fig. 4 Representative SEM images of an adhesive failure
(a, b) and a mixed failure (c, d) of UBQ.
Please refer to the footnote of Fig. 3 for
interpretation.

DISCUSSION

The results revealed that the pTBS of 1-SEAs to dentin
decreased significantly if it had been pretreated with
NaOCl for 15 s or 30 s, on which the wash-out time
had no significant effect. In contrast, the application
of HOCI for 15 s or 30 s did not significantly affect
uTBS when washed out for 5 s or 15 s, but a significant
increase in pTBS was observed when the wash-out
time was extended to 30 s. It was also revealed that the
deproteinizing effect was significantly affected by the
application time and deproteinizing agent, indicating
that the 100 ppm HOCI solution was significantly more
effective in dissolving organic components of the smear
layer than the 6% NaOCI solution. Therefore, the null
hypothesis was rejected.

The objective of the smear layer deproteinization
concept is to prevent the hybridization of the smear layer
by removing its organic phase. This study confirmed
that NaOCl and HOCI solutions can dissolve the organic
components of the smear layer by oxidation in a time-
dependent manner. The application of the solutions
for 5 s did not have a significant effect on the amide-
to-phosphate ratios on the smear layer-covered dentin,
but their application for 15 s and 30 s significantly
decreased the ratios regardless of the wash-out time.
However, the smear layer was still observed using SEM
after the pretreatments, indicating that the dissolution
of the organic phase occurred only within the smear
layer®®3239 and that its inorganic phase remained on
the bonding surface. This finding agrees with previous
studies where no morphological alterations of the smear
layer-covered sound dentin surface were observed after
the deproteinizing pretreatment®®. The reduction in
smear layer thickness was observed only on caries-
affected dentin, where the smear layer is thicker and
contains more collagen®®.

The FTIR analysis also showed that the 100 ppm
HOCI solution was more effective than 6% NaOCI. This
is likely due to the different pH of the deproteinizing
solutions, which affects the proportions of HOCI and
OCI ions. The 6% NaOCI solution is strongly alkaline
and therefore contains very few HOCI molecules, because
they ionize into OCI™ at high pH levels'®??. The OCI ions
can disintegrate proteins by chlorination, which leads to
the formation of nitrogen-centered radicals and induces
the fragmentation of proteins®***». In contrast, the 100
ppm HOCI solution whose pH was adjusted to 6.8
predominantly contained non-dissociated HOCI*¥ which
exhibits a stronger chlorinating and oxidizing effect than
OCI #22, The HOCI molecule readily interacts with
various biological molecules such as thiols, thioethers,
nucleotides, amino groups, and carbohydrates®?.
Additionally, chlorine in HOCI solutions behaves as
a cation, which can chlorinate amino acids within the
collagen triple helix and cause its fragmentation®®. This
enables HOCI solutions to deproteinize the smear layer
even at low chlorine concentrations?. The finding that
100 ppm HOCI is more effective in deproteinizing than
6% NaOCI also corroborates a previous report that the
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v3 phosphate v3 phosphate
a (1026) b (1026)

Amide |
(1643)

N

Amide |
(1643)

N
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5 s NaOCl/
5 s wash-out

5s HOCV
5 s wash-out

5 s NaOCV/
15 s wash-out

5 s HOCV
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5 s NaOCl/
30 s wash-out

5 s HOCI
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Fig. 5 Representative FTIR spectra acquired on the smear layer-covered dentin after
the experimental pretreatments.
The spectra were normalized to the v; phosphate band at 1,026 cm™, and a
decrease in the amide I band at 1,643 cm™ was evident after pretreatments
with NaOCl (a) or HOCI (b) for 15 s or 30 s, irrespective of the wash-out time.

Table 3 Means and standard deviations of amide-to-phosphate ratios (n=5)

Agent Application time Wash-out time Amide-to-phosphate ratio

No pretreatment (control) 0.27 (0.05) 2
5s 0.27 (0.04)#
5s 15 s 0.27 (0.01)*#
30s 0.27 (0.04)®
5s 0.19 (0.01)*
NaOCl 15s 15s 0.19 (0.02)"
30s 0.19 (0.03)"
5s 0.18 (0.05)"
30s 15s 0.18 (0.03)"
30s 0.18 (0.03)"

5s 0.21 (0.02) =>

5s 15s 0.21 (0.03) =>

30s 0.21 (0.02) »b
5s 0.16 (0.01)"
HOC1 15 15 0.16 (0.01)"
30s 0.16 (0.06)"®
5s 0.15 (0.00)"®
30s 15s 0.16 (0.03)"
30 s 0.15 (0.01)"

Significant differences (p<0.05) are indicated by different superscript letters.
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No pretreatment

Fig. 6 SEM images of the smear layer-covered dentin
surfaces at magnification 5,000%.
In the control group (a), the surface was covered
with a uniform and compact smear layer with
grooves produced by the SiC paper. In groups
deproteinized with NaOCl and HOCI for 5-30 s and
washed-out with water for 30 s (b—g), a smear layer
of similar characteristics was found on the dentin
surfaces. Experimental groups with shorter wash-
out time (5 s and 15 s) are not shown, because they
did not differ from the groups washed-out for 30 s.

formation of the hybridized smear layer was avoided if
HOCI was applied for at least 15 s, whereas 30 s were
necessary with NaOC1?.

Despite the benefits of deproteinization, many
studies have reported that the bond strength to dentin
pretreated with NaOC] decreased significantly''?. This
was attributed to the residues of NaOCl and/or the
formation of chloramine-derived radicals in the NaOCl-
pretreated dentin, which hinder the polymerization of
the adhesives''?. The extent of these adverse effects
depends on the diffusion of NaOCl into the substrate and
is affected by its concentration and application time?®>®7,
The 6% NaOCI treatment significantly decreased the
uTBS of UBQ and BF2 when applied for 15 s or 30 s,
as opposed to the 5 s application. The extension of the
wash-out time slightly increased their pTBS values,
but remained significantly lower than the control
group. These results indicate that a longer application
time enabled the penetration of NaOCI deeper into the
substrate and that its remnants or by-products were not
completely washed away by rinsing the surface with
water for 30 s232437,

It has been previously revealed that the negative
effect of NaOCI can be neutralized by the application
of antioxidants or reducing agents, such as sodium
p-toluenesulfinate, rosmarinic acid, or sodium
ascorbate™*1219 CDA is a commercially available dual-
cure activator containing an arylsulfinate salt, and
mixing it with UBQ enables chemical polymerization
upon contact with the overlying resin composite when
sufficient light-curing of the adhesive is not achievable®®.

Moreover, it was reported that the degree of conversion
of 1-SEAs improved significantly after dentin had been
pretreated with a sulfinate agent even when sufficient
light energy was delivered®. In this study, CDA was
used as a reducing agent to neutralize the residual
oxidizing effect of NaOCI and HOCI, and its application
recovered the compromised pTBS of UBQ and BF2 in
the groups pretreated with NaOCI for 15 s or 30 s to the
level of the control group. This can be attributed to the
enhanced polymerization of the 1-SEAs.

In contrast, HOCl can be washed away more
easily than NaOCl, leaving fewer chlorine residues
on the treated surfaces*?Y. Furthermore, chlorine
concentration in the 100 ppm HOCI] solution was
considerably lower compared to the 6% NaOCI solution.
Consequently, the pretreatment with HOCI for 15 s or
30 s did not significantly alter the uTBS of UBQ nor BF2
even with a wash-out time of 5 s. Moreover, the extension
of the wash-out time to 30 s significantly increased their
uTBS values compared to the control group, which can
be attributed to the deproteinization, especially avoiding
the formation of the hybridized smear layer. These results
suggest that the longer wash-out time successfully
removed the residues of HOCI and its by-products from
the dentin surface, preventing the adverse influence on
the polymerization of 1-SEAs. This speculation was also
supported by the finding that there was no significant
difference in n'TBS between the HOCl-pretreated groups
washed out for 30 s with and without the subsequent
application of CDA. If any oxidizing residues had been
present on the bonding surface, the application of CDA
would have increased n'TBS.

The pretreatments tested in this study had the
same effect on both tested 1-SEAs, but the pTBS of
UBQ was significantly higher than that of BF2. This
may be attributed to the fact that BF2 is based on a
self-reinforcing phosphoric acid monomer, while UBQ
contains 10-methacryloyloxydecyl dihydrogen phosphate
(10-MDP) that is known to form very stable calcium
salts, thus promoting adhesion to hard dental tissues*®.
Besides that, UBQ also contains a special polymerization
accelerator, which could improve its degree of conversion,
and a hydrophilic amide monomer that partly substitutes
2-hydroxyethyl methacrylate (HEMA)*Y. The reduced
content of HEMA would presumably have a stronger
effect on bonding durability, but only 24 h uTBS was
measured herein, which can be seen as a limitation of
this study. The lack of aging procedures was caused
by the need to test numerous groups, as the objective
of this study was to identify the optimal application/
wash-out time of NaOCl and HOCI. Therefore, based on
the present results, the effect of selected smear layer-
deproteinizing protocols on the bonding durability of
1-SEAs to deproteinized dentin should be investigated
in follow-up studies. Furthermore, the benefits of smear
layer deproteinization were reported to be more marked
on caries-affected dentin than on normal dentin, because
the smear layer in caries-affected dentin is thicker, more
porous, and richer in organic components®”*?. The high
antimicrobial activity of HOCI would also be suitable
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for cavity disinfection after selective caries removal.
Therefore, it is desirable to perform clinical studies on
the efficiency of using HOCI for cavity disinfection and
smear layer deproteinization in caries treatment.

CONCLUSIONS

Within the limitations of this study, it can be concluded
that the 100 ppm HOCI solution exhibited a stronger
deproteinizing effect than the 6% NaOCl solution.
Furthermore, the HOCI solution could be washed
away more easily, leaving fewer oxidative residues
on the pretreated dentin surface. Therefore, smear
layer deproteinization with NaOCl for 15 s or 30 s
significantly decreased the immediate pTBS of 1-SEAs
to dentin, whereas pretreatment with HOCI for 15 s or
30 s followed by a wash-out time of 30 s significantly
improved their bonding performance.
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