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Abstract

Aim To evaluate the water storage degradation of resin—
dentine bonds of different adhesive systems to primary and
permanent human dentine.

Methods Flat occlusal human dentine surfaces of 15 pri-
mary molars and 15 permanent molars were randomly
assigned according to adhesive systems: Adper Single
Bond 2; Clearfil SE Bond and One Up Bond F Plus. After
bonding procedures, the adhesives were applied according
to the manufacturers’ instructions and composite resin
blocks were built. Restored teeth were sectioned rendering
rectangular sticks (RS) (0.4 mm?). The RS were submitted
to microtensile bond strength (LTBS) test according to the
water storage time: 24 h, 1-year, and 2-years. Mean uTBS
values were analysed by three-way analysis of variance
(mixed design) and Tukey post hoc test (a0 = 0.05). The
failure mode was analysed at 400x magnification.
Results All three factors isolated showed significant
influences on uTBS, as did the cross-product interactions
between material vs. storage time (p = 0.01) and substrate
vs. storage time (p = 0.002). Bond strength means to pri-
mary dentine were lower than to permanent dentine
(34.7 £ 10.1 and 45.8 £ 12.9 mPa, respectively) after
2-years of water storage. The one-step self-etch adhesive

>4 R. de Oliveira Rocha
rachelrocha @smail.ufsm.br

Department of Restorative Dentistry, Federal University of
Santa Maria, Santa Maria, RS, Brazil

Graduate Program in Dental Science, Federal University of
Santa Maria, Santa Maria, RS, Brazil

Department of Stomatology, Federal University of Santa
Maria, Rua Marechal Floriano Peixoto, 1184, Santa Maria,
RS 97015-270, Brazil

(One Up Bond F Plus) showed less stable bond strength
after 2-years of water storage.

Conclusion The resin—dentine bond of primary teeth was
more prone to degradation over time compared to perma-
nent dentine.

Keywords Bond strength - Dentine - Permanent teeth -
Primary teeth

Introduction

The longevity of resin—dentine interfaces can be compro-
mised by several factors, including the hybrid layer
degradation by water and by endogenous enzymes (matrix
metalloproteinases and cysteine cathepsins (Carvalho et al.
2012; Feitosa et al. 2012; Montagner et al. 2014; Vidal
et al. 2014). However, clinical data on adhesive restora-
tions’ longevity are hard to achieve due to the long time
required by in vivo studies, the high cost and ethical
aspects involved. On that basis, in vitro studies have been
extensively performed to evaluate the adhesive effective-
ness and the resin—dentine bond degradation achieved, in
order to predict the clinical longevity over time (De Munck
et al. 2005, 2013; Bayne 2012; Tjaderhane et al. 2015).

Several studies have pointed out that permanent dentine
differs from primary dentine in mineral content, density of
dentinal tubules and area of intertubular dentine (Angker
et al. 2004; Lenzi et al. 2013). These differences, however,
are not enough to predict better or poorer bonding results
for either substrate as there is no consensus in previous
reports when comparing bond strength between primary
and permanent dentine (da Costa et al. 2008; Ricci et al.
2010; Lenzi et al. 2012; Hosoya and Tay 2014).
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It is of significant importance to identify if these dif-
ferences do not influence immediate adhesive performance
and play a role in bonding stability to primary dentine. Two
main pathways explain the loss of bond strength after water
storage for in vitro studies. First, the presence of hydro-
philic components in adhesive systems became the inter-
face susceptible to inherent plasticising degradation
(Spencer et al. 2010; Feitosa et al. 2012). The hydrolysis of
collagen fibrils is another pathway to adhesive interface
degradation. Dentine proteases including metallopro-
teinases (MMPs) and cysteine cathepsins are related to
resin—dentine bond degradation by exposing collagen fibril
cleavage. These enzymes, primarily inactive as proen-
zymes in physiological states, can be activated under sev-
eral conditions including the caries process and dentine
hybridisation (Tjdderhane et al. 2015). Considering that
primary dentine has a higher organic content than perma-
nent dentine (Borges et al. 2009), and that MMPs are also
related to physiological root resorption in the primary
dentition (Linsuwanont-Santiwong et al. 2006), it can be
expected that this substrate is more prone to collagen
degradation. Although this is a relevant topic, the degra-
dation of resin—dentine bonds of primary teeth has been
poorly investigated (Sanabe et al. 2009; Lenzi et al. 2014)
as have MMP inhibitors such as chlorhexidine on the
durability of resin—dentine interfaces. Further, this research
reported herein is the first study comparing the effect of
long-term water storage on bond strength of different
adhesive systems to human primary and permanent den-
tine. Therefore, the aim of this study was to evaluate the
degradation of resin—dentine bonds of different adhesive
systems to primary and permanent dentine. The null
hypotheses tested were that (1) there is no difference in
bond strength values of primary and permanent dentine; (2)
the effect of water storage on bond strength degradation is
similar for primary and permanent dentine and (3) adhesive
systems present similar bond strength values, indepen-
dently of the substrate and water storage time.

Materials and methods
Tooth selection and preparation

After approval of the study protocol by the Local Ethics
Committee and obtaining patient’s informed consent, 30
extracted sound human molars were selected—15 third
permanent molars and 15 first primary molars, with
inclusion criteria of the absence of caries lesions, restora-
tions, opacities or any kind of clinically detectable alter-
ations on the occlusal or proximal surfaces. The teeth were
disinfected in 0.5% chloramine-T solution and stored in
distilled water at 4 °C for up to 3 months.
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The teeth had flat mid-coronal dentine surfaces exposed
using a low-speed diamond saw on a cutting machine under
water irrigation (Labcut 1010, Extec Co., Enfield, CT,
USA) to remove occlusal enamel. The surrounding enamel
was removed using a diamond bur in a high-speed hand-
piece (#3146, KG Sorensen, Sdo Paulo, Brazil) under water
irrigation. The surfaces were manually polished with #600-
grit silicon carbide under water for 30 s, in order to obtain
standardised smear layers (Burrow et al. 2002).

Experimental design and bonding procedures

Permanent and primary teeth were randomly allocated to
three groups according to the adhesive system (n = 5):
Adper Single Bond 2, Clearfil SE Bond and One Up Bond
F Plus, which were applied strictly following the manu-
facturefs instructions (Table 1). The same protocol was
used on both substrates and a single trained operator per-
formed all bonding procedures.

Resin composite blocks (2100, 3 M ESPE, St Paul, MN,
USA) were incrementally built on the hybridised surfaces,
each increment (2 mm thickness) was individually light
cured (Demetron LC Light Curing, Kerr, Orange, CA,
USA; at an intensity of 500 mW/cm?) until reaching
approximately 6 mm height.

Microtensile bond strength (nWTBS) testing

After 24 h of storage in distilled water at 37 °C, the teeth
were sectioned (Labcut 1010, Extec Co., Enfield, CT,
USA) in two longitudinal axes rendering beam shaped
specimens (RS) composed of resin and dentine, with a
cross-sectional bonded area of around 0.4 mm” The RS
thus obtained were randomly allocated to three subgroups
according to the storage time: 24 h, 1-year and 2-years. In
the 24 h group, specimens were immediately submitted to
uTBS testing. For this, they were fixed to Geraldellis
devices using cyanoacrylate and tested under tension on a
universal testing machine (Emic DL 1000, Equipment and
Systems Ltda., Sao Jose dos Pinhais, PR, Brazil), with a
crosshead speed of 1 mm/min. Specimens of other sub-
groups were tested after storage under the same conditions
(distilled water, 37 °C) for an additional 1 and 2-years.
During these periods, the storage media were replaced
weekly.

The failure mode was analysed using a stereomicro-
scope from a microdurometer (HMV 2, Shimadzu, Tokyo,
Japan), at 400x magnification, classifying in cohesive
(exclusively within the dentine or composite resin) or
interfacial, that included failures at the resin—dentine
interface or mixed with cohesive failure of the neigh-
bouring substrate (De Munck et al. 2013). Cohesive fail-
ures were not considered in the statistical analysis.
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Table 1 Adhesive systems, composition and manufacturers’ instructions

Material and

Classification

Instructions

Composition®

manufacturer

Clearfil SE Bond Two-step Apply primer and leave for 20 s; Do not rinse; dry
(CSE) (Kuraray self-etch with mild air flow; apply bond and distribute
Medical Inc., evenly with mild air flow; light cure for 10 s
Tokyo, Japan)

One Up Bond F Plus  One-step Mix one drop of each solution until pink colour is
(OUB) (Tokuyama self-etch homogeneous; apply mixture allowing to remain
Corp., Tokyo, undisturbed for 20 s, light cure for 10 s
Japan)

Adper Single Bond 2 Two steps Acid-etch for 15 s; rinse to remove acid; blot to
(ASB) (3 M ESPE, total-etch remove excess water leaving surface moist; apply

St Paul, MN, USA)

2 consecutive coats with fully saturated brush;

Primer: MDP, HEMA, hydrophilic
dimethacrylate, dl-camphorquinone, N,
N-diethanol-p-toluidine, water. Bond: MDP,
bis-GMA, HEMA, hydrophobic dimethacrylate,
dl-camphorquinone, N,N-diethanol-p-toluidine,
silanated colloidal silica

Bonding agent A: phosphoric monomer, MAC-
10, multifunctional monomer, photoinitiator.
Bonding agent B: HEMA, water, submicron
fluorosilicate glass, photoinitiator

Bis-GMA, 2-HEMA, dimethacrylates,
polyalkenoic copolymer, photoinitiator ethanol,
water

lightly air dry for 5 s; light cure for 10 s

? According to manufacturers’s information

Statistical analysis

The sample size of five teeth per group was estimated
considering data from a previous pilot study, a coefficient
of variation of 20% and a significant level of 5%, resulting
in a power of 82%. The tooth was the experimental unit
and thus, the RS from each tooth were allocated to the three
subgroups according to the evaluation times (24 h, 1-year
and 2-years). The mean of the pTBS values of the RS from
the same tooth at each evaluation time were averaged for
statistical analysis. Premature failures were not considered
in the statistical analysis since the frequency of this kind of
failure was low and homogeneous among groups. The
Kolmogorov—Smirnov and Levene’s tests were used to
confirm the normal distribution of the data and equally of
variances, respectively. Bond strength values were sub-
jected to mixed-design repeated measures analysis of
variance (ANOVA) considering the main factors of adhe-
sive system, substrate (permanent or primary dentine) and
storage time (immediate, 1-year and 2-years of water
storage) as well as the cross-interactions among the factors.
The post hoc Tukey’s test was used for multiple compar-
isons. The significance level for all analyses was set at 5%.
The analysis of the failure pattern was only descriptive (as
a percentage).

Results

Statistically significant differences were found for the main
factors—adhesive systems, substrate and storage time, each
one separately (Table 2) as well as for cross-product
interactions of adhesive system vs. storage time (p = 0.01)
regardless of the substrate; and substrate vs. storage time

Table 2 Means and standard deviations of bond strength values for
main factors alone

Factors Bond strength (mPa) p -value
Adhesive system
ASB 53.8 (14.9)* p = 0.004
CSE 50.5 (11.7)°
OUB 43.9 (11.1)°
Substrate (dentine)
Primary 46.4 (14.3)* p = 0.014
Permanent 52.8 (11.6)°
Storage time
24 h 61.1 (8.0)* p = 0.000
1-year 472 (8.9)°
2-years 41.2 (13.4)°

Different superscript letters indicate statistically significant differ-
ences within each factor

ASB Adper Single Bond 2, CSE Clearfil SE Bond, OUB One Up Bond
F Plus, mPa milliPascals

(p = 0.002), regardless of the adhesive systems. The
interaction among the three factors (adhesive system vs.
substrate vs. storage time as a nested factor) was not sig-
nificant (p = 0.06). This way, it was considered that stor-
age time differently affected the bond strength values of
each adhesive system and, interestingly, for each substrate
(Table 3).

In the immediate evaluation time, higher bond strength
values were obtained with Adper Single Bond 2 compared
with One Up Bond F Plus. All tested adhesive systems
presented a significant drop in bond strength values after
1-year of water storage, without differences among adhe-
sive systems. After 2-years, a trend of lower values was
still observed for all materials, but Adper Single Bond 2
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Table 3 Means and standard deviations of bond strength values (in
milliPascals) for statistically significant cross-interaction products for
adhesive system vs. storage time and substrate vs. storage time

Storage time

24 h 1-year 2-years

Adhesive system

ASB 67.5 (7,7)° 51.0 (7.3)°¢ 42.8 (15.8)¢

CSE 60.7 (7,1)*° 45.0 (10.3)¢ 45.9 (10.7)¢

OUB 54.7 (3.0)°¢ 44.9 (7.9)¢ 32. (6.0)°
Substrate-dentine

Permanent 60.4 (7.9) 50.6 (7.9)° 45.8 (12.9)°

Primary 61.6 (8.4) 43.2 (8.2)P 34.7 (10.1)°

Different superscript letters indicate statistically significant differ-
ences to each cross-interaction product (adhesive system vs. storage
time, p < 0.01; substrate vs. storage time, p < 0.002)

ASB Adper Single Bond 2, CSE Clearfil SE Bond, OUB One Up Bond
F Plus, mPa milliPascals

and Clearfil SE Bond seemed to have been equally affected
by long-term water storage as the values were similar to
I-year for both adhesives. Conversely, One Up Bond F
Plus showed significantly lower values after 2-years com-
pared to all other conditions.

When looking at the influence of the storage time on
bond strength values of each substrate, despite the material,
at 24 h, primary and permanent dentine produced similar
values. After 1-year, both substrates showed a significant
reduction in bond strength values, similar to each other.
However, after 2-years of water storage, bond strength
degradation was more pronounced in primary than in per-
manent dentine. In Table 4, it can be observed that, as
expected, all experimental groups had a predominance of
inter-facial failures.

Discussion

The water storage of microtensile specimens is a classical
form of accelerated aging (Deng et al. 2014; De Munck
et al. 2015; Gotti et al. 2015) and this effect on bonding
degradation could be seen in several previous studies
(Feitosa et al. 2012; Lenzi et al. 2012; Muifioz et al. 2015;
Reis et al. 2015). Therefore, long-term water storage is a
meaningful way of ranking adhesive systems and dis-
criminating factors associated with resin—dentine

degradation. The results of the present study clearly
showed the effect of direct exposure of the adhesive
interface to water on the decreasing values of pTBS,
independent of the adhesive systems or dentine substrates.

Despite the differences in composition and bonding
strategy among the adhesive systems tested, after 1-year of
water storage, bond strength values declined between 18
and 25% for the three materials. Water sorption seemed to
be similar to Adper Single Bond 2 and Clearfil SE Bond
(Feitosa et al. 2012) and this could explain the significant
PTBS drop after 1-year of water storage. Nevertheless, a
longer storage period (2-years) did not significantly affect
the uTBS values obtained for etch-and-rinse (Adper Single
Bond 2) and to two-step self-etch (Clearfil SE Bond) sys-
tems. Although the reduction on WTBS appeared to have
been continued for up to 2-years of Adper Single Bond 2,
no significant differences were found after 1-year of water
storage. Clearfil SE Bond displayed a trend to no degra-
dation after 1-year that can be explained by an extra layer
of hydrophobic resin applied over primer rendering an
adhesive interface less prone to hydrolytic degradation.
Moreover, the presence of 10-MDP also enhanced bond
stability to water degradation (Zhang et al. 2016).

The same findings were not valid for the one-step self-
etch system (One Up Bond F Plus) that presented further
reduction in pTBS values after 2-years of water storage. As
expected, the one-step self-etch system presented lower
immediate pTBS values compared to the etch-and-rinse
system (Montagner et al. 2014). Similarly, a reduction of
bonding effectiveness was more pronounced for this sys-
tem, especially after 2-years of water storage. Poor bonding
performance has been observed in previous studies (Osorio
et al. 2010; Reis et al. 2010; Pinto et al. 2015) and it could
be partially explained by the composition of this adhesive
system. High HEMA concentration (30-60%) due to its
hydrophilicity could reduce the water evaporation (Ye
et al. 2009) interfering with adhesive polymerisation
(Werle et al. 2015). Besides, the presence of HEMA
allowed water uptake to continue from dentine into a
polymer (Wang and Spencer 2005) rendering the adhesive-
dentine interface more prone to hydrolytic degradation
effects over time. For the One Up Bond F Plus, it seemed
that even with the presence of MAC-10 in its composition,
that conferred some hydrolytic stability, the adhesive sys-
tem was the most sensitive material to water storage
(Osorio et al. 2010).

Table 4 Percentage (%) of

24 h

1-year 2-years

ASB CSE

OUB ASB CSE OUB ASB CSE OUB

. . . Material
interfacial failures for
experimental groups
Substrate (dentine)  Permanent
Primary

95.1 977 92 91.1 952 962 911 93 100
849 947 957 100 913 863 100 96.5 100

ASB Adper Single Bond 2, CSE Clearfil SE Bond, OUB One Up Bond F Plus
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In line with other studies, immediate bond strength
values were similar for permanent and primary dentine
(Ricci et al. 2010; Spencer et al. 2010) regardless of the
adhesive system. The effect of differences in mineral
content, even as tubular density and other physical and
structural variations between primary and permanent den-
tine seemed to be insufficient to significantly influence the
immediate bond strength values. However, the effect of
water storage was more pronounced on adhesion to primary
dentine. While p'TBS values were similar for both sub-
strates at baseline and, even with a decrease at the 1-year
evaluation, water storage degradation was significantly
higher for primary dentine. As stated above, collagen fibril
degradation by host-derived proteases seemed to reason-
ably explain the results reported here. The effects of pro-
teolytic enzymes could be associated with higher resin—
dentine bond degradation in primary teeth. The higher
organic matrix content in primary than in permanent den-
tine could be associated with higher collagen degradation
in this substrate (Osorio et al. 2013). Therefore, the higher
resin—dentine bond degradation might be explained by
increased collagenolytic activity in primary dentine.

In this sense, it might be thought that the application of a
MMP inhibitor, mainly chlorhexidine (Collares et al.
2013), would significantly alter these results because of the
beneficial effect on dentine bonding stability. However, in
a systematic review by Montagner et al. (2014) the effect
of chlorhexidine on the decrease of loss of bond strength
was not clearly shown after long-term in vitro storage.
Conversely, primary dentine has been identified as being
more reactive to acid-etching, producing a thicker hybrid
layer as a consequence of deeper demineralisation (NOor
et al. 1996). Therefore, it has been suggested as appropriate
to reduce the acid-etching time on primary dentine (Sch-
effel et al. 2012; Lenzi et al. 2014). However, the results of
the present study did not show an effect of water storage on
the interaction of the adhesive system vs. substrate (pri-
mary or permanent dentine). Thus, the effect of the etching
step on bond strength degradation in primary dentine could
not be shown.

It is important to consider that in this study, only sound
dentine was used and it would be expected that in caries-
affected dentine the effects of resin—dentine bond degra-
dation would be even more evident. MMP activity is higher
in carious than in sound dentine (Scheffel et al. 2012;
Toledano et al. 2010; Nascimento et al. 2011) and so it is
reasonable to expect faster bonding degradation on caries-
affected dentine. Nonetheless, additional research is
required to confirm the influence of caries-affected dentine
and enzymatic inhibitors on bonding stability over time.
Furthermore, laboratory degradation seemed to be faster
than for the real clinical situation (Carvalho et al. 2012).

Conclusions

Resin—dentine bonds of primary teeth were more prone to
degradation with time compared with permanent resin-
dentine bonds. A decrease in bond strength values was
higher when using a one-step self-etch adhesive that con-
tained 10-MAC over 2-years of water storage.
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