Journal of
Dental Research, Dental Clinics, Dental Prospects

Original Article

Effect of Adhesive Pretreatments on Marginal Sealing of Aged

Nano-ionomer Restorations

Fereshteh Shafiei' ¢ Sahar Akbarian®* * Mohammad Karim Etminan®

Professor, Prevention of Oral and Dental Disease Research Center, Department of Operative Dentistry, School of Dentistry, Shiraz University of Medical
Sciences, Shiraz, Iran

2Assistant Professor, Department of Operative Dentistry, Faculty of Dentistry, Shiraz University of Medical Sciences, Shiraz, Iran

Undergruduate Student, Faculty of Dentistry, Shiraz University of Medical Sciences, Shiraz, Iran

*Corresponding Author; E-mail: akbarians@sums.ac.ir

Received: 14 January 2014; Accepted: 2 March 2015
J Dent Res Dent Clin Dent Prospect 2015; 9(3):144-150 | doi: 10.15171/joddd.2015.028
This article is available from: http://dentistry.tbzmed.ac.ir/joddd

© 2015 The Authors; Tabriz University of Medical Sciences
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract

Background and aims. Nano-ionomer (NI) interacts with tooth structures superficially, and there is a concern about the
enamel bonding ability of mild self-etch Ketac primer. This study compared the effect of different adhesive procedures
(self-etching and etch-and-rinse approach) on long-term marginal microleakage of nano-filled resin-modified glass-ionomer
(NI) cervical restorations.

Materials and methods. Class V cavities were prepared on 72 maxillary premolars. The teeth were divided into six
groups: G1: No treatment (NC); G2: Ketac primer (K primer); G3: Etchant + Ketac primer (E+K primer); G4: Self-etch
adhesive (Bond Force); G5: Etchant + Bond Force (E+Bond Force); G6: Etchant + Adper Single Bond (Etch and rinse
adhesive). All the cavities were restored with Ketac N100. The samples were stored in water for 6 months and thermocycled
for 2000 cycles. Marginal sealing was assessed using dye penetration technique. Data were analyzed with non-parametric
tests (0=0.05).

Results. All the adhesive pretreatments resulted in a lower marginal leakage than that of NC (P<0.01), except for E+Bond
Force at the dentin margin. There was no significant difference between K primer and Bond Force. Microleakage differed
significantly between K primer pretreatment and E+K primer (P=0.003), E+Bond Force (P=0.002) and etch-and-rinse
adhesive (P=0.001) at the enamel margin, but it did not differ at the dentin margin. E+ Bond Force group showed
insignificantly lower leakage at the enamel margin and significantly higher leakage at the dentin margin (P=0.02).
Conclusion. Etch-and-rinse adhesive and selective enamel etching along with self-etch adhesive/Ketac primer might
improve marginal sealing of aged nano-ionomer restoration.
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components.'? These materials have numerous ad-
vantages, including dual-curing setting reaction,
Resin-modiﬁed glass-ionomers (RMGIs) are a bonding ability to tooth structures through a two-fold

combination of glass-ionomer cement and resin bonding mechanism, increased mechanical and es-

Introduction
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thetic properties, improved handling and working
characteristics and reduced moisture or dehydration
sensitivity.'”

A novel, highly packed, nano-filled RMGI, Nano-
ionomer (NI, Ketac N100) has been introduced to the
dental market to restore small cavities. Incorporation
of approximately 69% of filler by weight or 56% by
volume, of which two-thirds are nano-fillers, has
improved mechanical properties, wear resistance,
color and polishability characteristics and resistance
to biomechanical degradation.”® One of the disad-
vantages of RMGI is that they are degradable and
may deteriorate faster than the bond to dentin. How-
ever, NI seems to be more resistant to water degrada-
tion.”

When comparing abrasion resistance, NI behaved
as an intermediate material between RMGI and na-
nocomposite because it had an intermediate compo-
sition.'’ In addition, this high-filled RMGI exhibited
lower polymerization shrinkage and lower coeffi-
cient of thermal expansion and fluoride release com-
pared to RMGL'""* The two-paste mixing system of
NI might facilitate its handling characteristics.”
These advantageous properties might result in the
widespread use of NI instead of RMGI in clinical
situations.

However, NI, in contrast to RMGI, has no self-
adhesive capacity and the use of Ketac Nano primer
before NI is an essential step to its bond to tooth
structures. This self-etch primer (pH=3) contains the
acrylic/itaconic acid copolymer dissolved in HEMA
and water; its low acidity may not allow the primer
to totally dissolve/remove the smear layer."' NI in-
teracts very superficially with the dentin and enamel
without demineralization or hybrid layer formation.
This interaction provided micromechanical inter-
locking into the substrate roughness that is most like-
ly supported by chemical bonding of polyalkenoic
acid copolymer with surface hydroxyapatite.'' How-
ever, in addition to chemical bonding, RMGI could
establish micromechanical bonding of the mono-
meric component into partially demineralized smear
layer-free tooth surfaces.*"

According to TEM observations, NI revealed a
tight interface with the tooth structure. Nevertheless,
despite its effective bonding, it bonded less effec-
tively than RMGI after 24 hours."'

The chemical bonding might have played an im-
portant role in the stability of marginal integrity and
excellent performance of RMGI in a clinical trial
conducted by Peumans et al.”* The chemical bonding
is achieved through acid—base reaction at the adhe-
sive interface of RMGIL.*"*
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On the other hand, the higher filler and resin con-
tent of NI compared to RMGI was reported to possi-
bly result in a reduced acid-base reaction.”” The re-
duced enamel marginal adaptation of NI cervical
restorations was reported after one year of clinical
service.'”

A number of studies have reported that the use of
different self-etch adhesives could improve dentin
bonding/sealing of RMGL'®'® On the other hand,
some authors indicated that acid etching of the ena-
mel could increase the bond strength of RMGI."

A recent study has indicated that using self-
conditioner and especially an etch-and-rinse adhe-
sive instead of cavity conditioner for RMGI (Fuji 11
LC) and Ketac primer for NI (Ketac N100) could
improve the bond strength to dentin.”

Therefore, this study was designed to evaluate the
effects of different adhesive cavity pretreatments
(self-etch adhesive and Ketac primer with or without
an additional etching and an etch-and-rinse adhesive)
on the long-term sealing ability of NI cervical resto-
ration. The null hypothesis was that prior different
adhesive procedures have no effect on the marginal
sealing of Class V NI restorations after water aging.

Materials and Methods

The research protocol was approved by the local eth-
ics committee. Seventy-two sound human maxillary
premolars recently extracted for orthodontic treat-
ments were selected, cleaned and disinfected in 0.5%
chloramine solution for two weeks. The teeth were
then stored in distilled water at 4°C, until use in the
experiment. Standard Class V cavities (3 mm in
width, 3 mm in height and 1.5 mm in depth) were
prepared at the CEJ on the buccal surface with the
gingival margin in dentin and the occlusal margin in
enamel. The teeth were randomly divided into six
groups of 12 each, according to different adhesive
cavity pretreatments as follows:

Group 1 (NC): Negative control with no treatment

Group 2 (K Primer): Pretreatment with Ketac pri-
mer

Group 3 (E+K primer): Pretreatment with phos-
phoric acid etching + Ketac primer

Group 4 (Force Bond): Pretreatment with Force
Bond self-etch adhesive

Group 5 (E+Force Bond): Pretreatment with phos-
phoric acid etching + Force Bond

Group 6 (Etch-and-rinse adhesive): Pretreatment
with acid etching + Adper Single Bond.

The materials used and their application proce-
dures are presented in Table 1. Following surface
pretreatment, all the cavities were restored using a
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Table 1. Materials used in this study

Material/Manufacture

Composition/Batch

Application Procedure

Bond Force/Tokuyama
Dental, Tokyo, Japan

Ultra-Etch/Ultradent,
South Jordan, Utah, USA
Ketac Primer/3M ESPE, St
Paul, MN, USA

Ketac N 100/3M ESPE, St
Paul, MN, USA

Adper Single Bond/3M

Phosphoric acid monomer, Bis-GMA, HEMA, TEGDEMA,
Comphorquinone, alcohol, water/106 MM
pH=2.3
35% Phosphoric Acid /B5Y7M

HEMA, water, Vitrebond copolymer, photoinitiator/N251185
pH=3
HEMA, vitrebond copolymer, water, TEGDMA, PEGDMA, Bis-
GMA, fluoroaluminosilicate glass, silane-treated zirconia/ silica,
photoinitiators/N271282Bis-GMA,HEMA ,dimethacrylates,
polyalkenoic acid copolymer, initiator, water, ethanol/N266218
Bis-GMA, HEMA, dimethacrylates, polyalkenoic acid copolymer,

Apply adhesive with gently rubbing for 20 sec-
onds, dry gently for Sseconds then strongly for 5

seconds. Light cure for 10 second

Apply acid gel for 15 seconds, water rinse for 20

seconds, dry gently

Apply for 15 seconds, air dry for 10 seconds, light

cure for 10 seconds

Mix two pastes, insert into cavity, light cure

Apply two consecutives coats of adhesive, air dry

ESPE, St Paul, MN, USA

initiator, water, ethanol/N266218

gently for 2-5 seconds, light cure for 10 seconds

nano-ionomer (NI), Ketac N100 (3M ESPE, USA),
in two increments, each light-cured for 30 seconds
according to the manufacturer’s instructions. The
restorations were finished and polished with Sof-Lex
discs (3M ESPE). The teeth were stored in distilled
water at 37°C for six months (the water was changed
every week) and then subjected to 2000 thermal cy-
cles at 5/55°C in water baths with a 30-second dwell
time and a 15-second transfer time. The root apices
were sealed with utility wax, and all the surfaces ex-
cept for the restorations and 1 mm from the margins
were coated with two layers of nail varnish. The
teeth were immersed in a 0.5% methylene blue dye
solution for 24 hours. They were then rinsed thor-
oughly in tap water, blot-dried and sectioned through
the center of the restorations from the facial to the
lingual surface with a water-cooled diamond wheel
saw (Leitz 1600, Wetzlar, Germany). The sections
were assessed in a blind manner for dye penetration
by two evaluators under a stereomicroscope (Carl
Ziess Inc, Oberkochen, Germany) at x20 magnifica-
tion. Dye penetration at the restoration—tooth inter-
face was scored for the enamel and dentin margins
according to standardized criteria:

Score 0: No leakage visible at the tooth—restoration
interface

Score 1: Penetration of dye along the cavity wall,
but less than one-half of the length

Score 2: Penetration of dye along the cavity wall,
but short of the axial wall

Score 3: Penetration of dye to and along the axial
wall

The worst score from the two sections of each spe-
cimen was recorded. The microleakage data were
analyzed using Kruskal-Wallis and Mann-Whitney
statistical tests at a significance level of 5%.

Results

Dye penetration scores for the enamel and dentin
margins in the six groups are presented in Tables 2
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& 3. According to the results of Kruskal-Wallis test,
there were the same significant differences among
the six groups at the enamel and dentin margins
(P<0.001). Pair-wise multiple comparisons of the six
groups revealed that all the groups had significantly
lower microleakage than that of NC at both margins
(P<0.01), except for group 5 at the dentin margin
(P=0.14).

No significant differences were found between
groups 2 and 4, indicating approximately similar mi-
croleakage for K primer and Bond Force at both
margins. At the enamel margin, there were signifi-
cant differences between group 2 and groups 3, 5
and 6 (P=0.003, P=0.002 and P=0.001, respectively),
revealing a positive effect of acid etching on reduc-
ing microleakage; however, there were no significant
differences at dentin margins. Comparison of groups
4 and 5 showed an insignificant lower leakage for
group 5 than group 4 at the enamel margin, but a
significantly higher leakage for group 5 (E+Bond
Force) than group 4 (Bond Force) at the dentin mar-
gin (P=0.02). Group 6 (etch-and rinse adhesive) ex-
hibited the lowest microleakage at both margins that
was not different from group 4 at the dentin margin,
while it was significantly different from group 4 at
the enamel margin (P=0.03).

Discussion

Maintaining the enamel and dentin margins of cervi-
cal restorations sealed against microleakage remains
a major factor in clinical longevity.”' In the current
study, Ketac N100 restorations were subjected to

Table 2. Dye penetration score frequencies at enamel
margins for the six study groups

Microleakage Scores

Groups 0 1 > 3 Median
1.NC 0 0 3 9 3
2. K Primer 1 3 4 4 2

3. E+K Primer 9 0 3 0 0

4. Force Bond 4 1 4 3 2

5. E+Force Bond 8 2 2 0 0
6.Etch-and-rinse Adhesive 9 1 2 0 0
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Table 3. Dye penetration score frequencies at dentin margins for the six study groups

Microleakage Scores

Groups Median
0 1 2 3

1.NC 0 1 4 7 3

2. K Primer 5 3 3 1 1
3. E+K Primer 7 2 1 2 0
4. Force Bond 8 3 0 1 0
5. E+Force Bond 3 1 4 4 2
6. Etch-and-rinse Adhesive 9 2 1 0 0

thermocycling and water storage to challenge mar-
ginal integrity over time. The thermal fatigue stress
and hydrolytic effect of water on the adhesive inter-
face simulate conditions in the oral cavity, thereby
predicting the behavior of the aged adhesive inter-
face.” According to the results of this study, all the
adhesive pretreatments significantly improved mar-
ginal sealing of the aged NI restorations compared to
that of negative controls (with no treatment), except
for E+Bond Force in which this improvement was
not significant at the dentin margin. Ketac primer
might act as a mild self-etch adhesive due to acidic
monomers and photoinitiator content; it may create a
resin covering on the primed surfaces after light-
curing.”

Consistent with concerns about the long-term mar-
ginal sealing effectiveness of self-etch adhesives to
the enamel,” our results indicated relatively high
microleakage at the enamel margin of aged NI resto-
rations. Microleakage was significantly higher than
at the dentin margin. Because of its low acidity, Ke-
tac primer may not be able to interact sufficiently
with the highly mineralized enamel structure. Re-
cently, unstable bonding and increased microleakage
with time were reported at the enamel margin of NI
restorations.'' In addition, a one-year clinical trial of
NI restorations disclosed enamel marginal deficien-
cies. These authors suggested that this decreased
marginal adaptation was similar to the results ob-
tained with self-etch adhesives in clinical evalua-
tions."

The self-etch adhesive, Bond Force used in this
study, did not perform significantly better than Ketac
primer in terms of marginal sealing. This self-etch
adhesive (pH=2.3) contains a phosphoric acid mo-
nomer. It seems that despite the lower pH of Bond
Force than Ketac primer, this adhesive was not capa-
ble of significantly lowering microleakage at both
margins. In a recent study, the use of four self-etch
adhesives prior to NI was reported to provide a high-
er or similar bond strength compared to that of Ketac
primer, depending on their chemical compositions.*
Imbery et al*® reported a higher bond strength of
self-conditioner/NI compared to Ketac primer/NI to
dentin. These authors suggested that the lower pH of

self-conditioner (1.8) might have more completely
removed the smear layer compared to Ketac primer.

In a new study conducted by Shafiei and Akbar-
ian,” using Silorane Adhesive System (pH=2.7) and
Clearfil SE Bond (pH=2) instead of Ketac primer
prior to NI could significantly improve early cervical
sealing in open modified sandwich restorations.

On the other hand, resin content of NI can create
direct covalent bonds with the resin layer formed on
the surface of self-etch adhesive, similar to that of
RMGI."” The water content in both NI and self-etch
adhesive compositions might lead to compatibility
between them.

The results of the present study indicated that an
additional etching prior to Ketac primer improved
sealing at the enamel margin but had no effect on
dentinal marginal sealing in aged restorations. Con-
sistent with our results, Glasspoole et al'’ reported an
early increase in bond strength of an RMGI to the
enamel after using phosphoric acid.

Although acid etching prior to RMGI use was re-
ported to provide better resin penetration into the
underlying dentin and consequently better hybridiza-
tion, this micromechanical interlocking might not
benefit from additional chemical bonding.” It is well
documented that this bonding plays a decisive role in
marginal sealing and bonding durability.”*® The
thicker hybrid layer on acid-etched dentin observed
in a TEM analysis by Coutinho et al*’ in combina-
tion with a low-molecular-weight self-etching poly-
mer resulted in greater early bond strength with an
RMGI. Nevertheless, the lack of intimate interaction
with hydroxyapatite-coated collagen led to instability
of the interface in the long term.” The same point
may account for the higher microleakage obtained at
the dentin margin of cavities in which acid etching
was used before Bond Force/NI. However, this pro-
cedure led to an insignificant decrease in microleak-
age at the enamel margin (P=0.06). So far, no study
has been performed on the effect of prior acid etch-
ing on bonding or sealing ability of Ketac primer/NI
or self-etch adhesive/NI.

The beneficial effect of additional acid etching on
the bonding efficacy of some self-etch adhe-
sives/composite resin to the enamel**>° and even to
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the dentin’'** was previously reported. However,

some authors have proposed that acid etching of the
dentin may reduce the adhesive potential of self-etch
adhesives.”?" It, therefore, appears that the bonding
ability of self-etch adhesives to the etched dentin
may be adhesive-specific.’’”> This assumption was
relevant in the present study. The acid etching of the
dentin prior to Bond Force increased the marginal
leakage, whereas it displayed no effect on marginal
leakage for Ketac primer.

In fact, enamel etching capability of self-etch ad-
hesives is controversial. So, some authors have ad-
vised selective enamel etching to improve enamel
bonding.”*>° Our results supported this recommenda-
tion, in particular for self-etch Ketac primer whose
insufficient acidity is not capable of achieving reli-
able enamel bonding. The positive effect of selective
enamel etching on the adhesive properties of Bond
Force was indicated by a two-year clinical study.”

According to our findings, pretreatment with an
etch-and-rinse adhesive compared to Ketac primer
significantly reduced microleakage at the enamel
margin but this reduction was not significant at the
dentin margin. Etch-and-rinse adhesive/NI yielded
the best performance in terms of preventing marginal
leakage after aging.

This finding is in line with a study by Bayrak et
al,** demonstrating positive effect of etch-and-rinse
adhesive on early marginal sealing of an RMGI
(Vitremer). In a recent study, the highest bond
strength of two RMGIs and NI to the dentin was at-
tained by using an etch-and-rinse adhesive in short
term.”” These results possibly supported the impor-
tant role of the hybrid layer and resin tags in provid-
ing bonding durability, especially at the enamel mar-
gin. In addition, establishment of chemical bonding
via using self-etch adhesive with partly demineral-
ized dentin may be beneficial in terms of marginal
sealing stability.” However, etch-and-rinse adhesives
were reported to have no effect on bonding of two
RMGlIs; the bonding may be more material-
dependent than surface treatment-dependent.®

It was reported that dentin pretreatment using a
HEMA-rich primer may compromise the formation
of the absorption layer, and the acid-base reaction
continuation in RMGI at the adhesive interface.*

Applying an etch-and-rinse adhesive prior to NI
could lead to the formation of a hybrid layer into
demineralized dentin and an adhesive layer on the
dentin surface. Consequently, any chemical bonding
of NI was not expected. However, a good union
could be established between polyacrylic acid co-
polymer and resin content of both Adper Single
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Bond and NI. In this situation, bonding mechanism
of NI to dentin is more like a composite resin than a
glass-ionomer and the sealing ability of NI depends
on the hybrid layer formation.

Clinically, one advantage of using an etch-and-
rinse or self-etch adhesive as surface pretreatment
might be facilitation of the bonding procedures with
simultaneous adhesive application for both NI and
composite resin in a sandwich restoration. However,
a decrease in fluoride release from NI following
formation of an adhesive layer on the treated surface
might be considered as a disadvantage. Nevertheless,
clinicians would take advantage of the released fluo-
ride from NI in the proximal surfaces of the adjacent
teeth in an open sandwich restoration.

Further studies of long-term bond strength and
scanning electron microscopy analysis are required
to confirm the results of the present study. Further-
more, clinical trials should be conducted on the long-
term efficacy of different adhesive pretreatments for
NI restorations.

Conclusion

Under the limitations of this in vitro study, using
etch-and-rinse adhesive and acid etching along with
Ketac primer might be suggested in terms of mar-
ginal sealing of aged NI cervical restorations. How-
ever, when using a self-etch adhesive, selective
enamel etching is recommended.
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