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Abstract

Background: The study aims to investigate the effect of incorporation of sepiolite nanoparticles on the microtensile
bond strength of an experimental dentin bonding to the human dentin.

Material and Methods: The sepiolite nanoparticles were incorporated into an experimental methacrylate-based
dentin bonding system in concentrations of 0.0, 0.2, 1.0, 2.0, and 5.0 weight percents. The specimens were then
ultrasonicated to finely disperse the nanoparticles in the adhesive matrix. The coronal enamel of 30 intact human
premolars was cut to expose dentin. Having etched, rinsed, and blot dried the experimental bonding agents were
applied to dentin surface. Adper Single Bond was used as control group according to the manufactor’s instruction.
Then all the teeth were built up by composite and sectioned in stick form for microtensile test. The fracture surface
was observed using SEM. The data were analyzed by ANOVA and Tukey’s post-Hoc test.

Results: The results indicated that the incorporation of the nanofiller, improved the bond strength to dentin with the
highest values obtained at 1 w% sepiolite nanoparticle content.

Conclusions: Sepiolite nanoparticles can be considered as novel fillers to improve the mechanical properties of
dentin bonding agents.
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Introduction Hybrid layer which forms by polymerized bonding mo-
The most important aim of using dental adhesives is to nomers penetrated into dentin structures, is the basis of
bond dental restorative materials to tooth structure (1). dentin adhesion (5,6). Among resin-dentin components,
Adhesion to tooth structure prevents postoperative sen- adhesive layer has the lowest elastic modulus. During
sitivity, secondary caries, discoloration and microleaka- stress application on resin-dentin complex, adhesive la-
ge (2). Because of dynamic and hydrated nature of den- yer shows the greatest level of strain (7). Stress concen-
tin, bonding to enamel is more durable than dentin (3,4). tration on this weakest layer during occlusal loading or
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composite polymerization, may cause defects, cracks or
resin-dentin bond failure (8,9).

It has been suggested that incorporation of fillers into
dental adhesives would enhance the mechanical pro-
perties of the adhesive layer (4,10-12). Filled adhesives
improve mechanical strength by shock-absorbing effect
(7,13).

Sepiolite, a nanoclay with the formula of
Mg Si O, (OH),(H,0),*8H,0 is a needle-like structure
which is based on the units of phyllosilicates: silica tetra-
hedral and Mg?* or AI** octahedral (14,15). Its properties
provide solutions for applications ranging from carrier
for chemicals, as a rheological additive for industrial
paints, as processing aids, and binding additives. But a
very new application is the use as nanofillers in polymer
systems (14). Because of the great number of active cen-
ters on its surface (silanol groups and Mg**-coordinated
water), sepiolite has a high potential interaction level
between both nanofillers-nanofillers and nanofillers-ma-
trix components. This excellent adhesion/compatibility
with polymeric matrices and the strong anisotropy of
this mineral material provides the excellent reinforcing
effect on polymers, increasing the mechanical properties
of the final compounds (15).

In this study the sepiolite nanoparticles were incorpora-
ted into an experimental dentin bonding as reinforcing
filler. The bond strength of the bonding agents to the hu-
man dentin was then evaluated by microtensile test.

Material and Methods

This study has been reviewed by the Medical Research
Ethical Committee of the Qazvin University of Medi-
cal Sciences No: IR.QUMS.REC.1394.370 and there is
no conflict with ethical considerations. 2-Hydroxyethyl
methacrylate (HEMA), camphorquinone (CQ), 2-e-
thyl-2-hydroxymethyl-1,3-propandiol  trimethacrylate
(TMPTMA), and ethanol were purchased from Merck
(Germany). N,N-Dimethylaminoethyl —methacrylate
(DMAEMA) were obtained from Fluka (Germany).
2,2-Bis[4-(2-hydroxy-methacryloxypropoxy)phenyl]
propane(Bis-GMA) and Methacryloxypropyl trime-
thoxysilane (y—-MPS) were kindly provided by Evonik
(Germany). Adper™ Single Bond2, a commercially
available nanoparticle containing dentin bonding, was

Table 1: Formulation of the experimental dentin bonding.
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obtained from 3M ESPE (USA). The 37% phospho-
ric acid gel (Gel Etchant) was obtained from3M ESPE
(USA). Pristine sepiolite (Pangel S9) was kindly provi-
ded by Tolsa SA (Spain). The specific surface area of
the sepiolite is 320 m2g-1 (BET method, N2 adsorption)
(15).

-Preparation of sepiolite nanoparticles

A solution consist of ethanol (70 w%) and distilled water
(30 w%) was prepared. The pH of the solution was
adjusted at 5 by adding a few droplets of acetic acid.
v—MPS was added to the solution (20 wt% based on
the filler) and left for 1 hour to be pre-hydrolized. The
sepiolite was added to the solution and sonicated for 2
minutes using a probe sonicator (Bandelin, Germany).
The suspension was left for 1 day for completion of the
condensation reaction of silane coupling with the silanol
groups on the sepiolite surface. The silanized filler was
then centrifuged and separated. Having washed several
times with ethanol/water (70/30 wt%/wt%), the nano-
particles were dried and ball-milled.

-Preparation of adhesive

The adhesive was prepared according to the formula-
tion shown in table 1. Then, the silanized sepiolite were
added to the adhesive in 0, 0.2, 1, 2 and 5 wt.%. The
fillers were well dispersed in the adhesive solution by
ultra-sonication using the probe sonication apparatus for
2 min in an ice bath. 0.5 wt.% CQ and 1 wt.% DMAE-
MA as photoinitiator system were then added into the
adhesive.

-Teeth preparation

Thirty human premolar intact teeth that were extracted
for orthodontic treatments were used in this study wi-
thin 6 months of extraction. After removing soft tissue
debris, they were immersed in a 0.5 w% chloramine-T
solution for 1 week and then stored in distilled water in
a refrigerator at 4°C. The coronal enamel was removed
with a low speed diamond saw (ref.070 D&Z ,Germany)
to form a flat dentin surface. The dentin surface was then
polished with a 600-grit silicon carbide abrasive (paper
Soft flex 991 A, Germany) under running water to create
a uniform smear layer. The teeth were randomly assig-
ned to six groups, six teeth in each group. For groups one
to five, the flat occlusal dentin surface was etched with
a 37% phosphoric acid etching gel (3M ESPE,USA) for

Material % Weight
bis [4-(2-hydroxy-3-methacryloyloxyproxy)phenyl] propane (bis-GMA) 25
2-hydroxy ethyl methacrylate (HEMA) 18
1(UDMA):«6-bis-[2-methacryloyloxyethoxycarbonylamino]-2¢4<4-trimethylhexane 12
ethanol 30
2-ethyl-2-(hydroxymethyl)-1:3-propandiol trimethacrylate 15
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15 s-and rinsed with distilled water for 15s. To achieve
wet bonding technique, excess water was blot dried with
tissue paper. The experimental one-bottle adhesive was
applied in two layers with a microbrush using agitating
motions. After 15 s application, the surface was gently
dried with oil and dust-free air for 5 s. After confirming
the glossy appearance of the entire dentin surface, the
adhesive was cured for 20s. In the sixth group, after
applying phosphoric acid, AdperTM Single Bond Plus
2 (3M, ESPE,USA), was applied on dentin according to
the manufacturer’s instructions. A restorative composite
(Z 250, shade A2; 3M ESPE, USA) was built-up on the
adhesive-treated surfaces up to 5 mm thick by incremen-
tal technique. Each increment was Imm and cured for
40s (OPTILUX 501, Kerr, USA) with the intensity of
600 mW/cm?. The bonded specimens that mounted in an
acrylic mold, were sectioned into bar shaped specimens
with ImmXx1 mm cross-section areas at bonding-dentin
interface using a low-speed diamond saw (Isomet, Bue-
hler Ltd., Lake Bluff, IL 60044,USA).

-Microtensile bond strength test

After 24 h storage in distilled water at 37°C, the speci-
mens were attached to the fixture of a universal testing
machine (STM 20, Santam, Iran) with a cyanoacrylate
glue and subjected to microtensile bond strength (W TBS)
testing at a crosshead speed of 0.5 mmmin-1 until they
fractured. Data were collected and the microtensile bond
strength was then calculated by dividing the force at
break by the composite-dentin interface area.

-Scanning electron microscopy

The fractured composite-dentin interfaces, after gold
sputter coating, were observed with a scanning electron
microscopy (EMITECH, SC760, UK).

-Statistical analysis

The results were analyzed and compared using one-way
ANOVA and Tukey’s post-Hoc test at the significance
level of 0.05. Analysis was performed by SPSS statisti-
cal software (SPSS 15.0 for Windows).

Results

One-way ANOVA showed a significant difference bet-
ween the pTBS of six groups (P<0.05) (Fig. 1).
Multiple comparisons (post hoc Tukey’s test) revealed
that uTBS in first group (0 wt%) was the lowest and
in the third group (1% wt) was higher than second (0.2
wt%) and fourth group (2 wt% ) significantly (P<0.05).
Other groups were not significantly different (P>0.05).
The third group (1wt%) had the highest pTBS. Although
the uTBS of the control group (Adper Single Bond Plus
2) was lower than third group, the difference was not
significant (P>0.05).

SEM observations of the resin-dentin interfaces revea-
led that most of the tubules were filled by adhesive in
third group (1 w%t) whereas in first group (0 wt%) most
of them were empty (Fig. 2).
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Fig. 1: Microtensile bond strength to dentin of the experimental
dentin bondings and the control group.
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Fig. 2: SEM micrographs of the adhesive containing: (A) 0 wt %
and (B) 1 wt% sepiolite nanoparticles.

Discussion

Complexity of oral environment causes bonded interface
degradation over the time (16). Bonding to dentin is less
durable than enamel (17). Results of this study revea-
led that the incorporation of the sepiolite nanoparticles
increases microtensile dentin bond strength. The mean
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bond strength of group A (experimental adhesive contai-
ning no nanoparticles) was significantly lower than the
other groups. It has been shown that the incorporation
of nanoparticles into the dentin bonding agents resulted
in improved mechanical properties and improved bond
strength to dentin (4,10-12). Filled adhesives act as an
intermediate shock-absorbing elastic layer between
composite and dentin bonding, so increases the bond
strength to dentin (18). The intermediate layer and the
resin-impregnated dentin, form an elastic buffer which
offers the resin—dentin interface a sufficient strain ca-
pacity to accommodate both the composite and dentin
(17).

Amoung the groups,the adhesive containing 1 wt% se-
piolite nanofiller showed the highest microtensile bond
strength (26.4 MPa). Kasraei et al. (19). reported that
nanosilica filled adhesive containing 1wt% showed the
highest bond strength. Kim et al. (7) also reported that
silica nanofiller containing adhesive, exhibited the hig-
hest microtensile bond strength at 1wt%. They stated
that incorporation of nanofillers greater than interfibri-
llar space (20 nm) not only increases the viscosity, but
also causes the agglomeration of filler contents on dentin
surface.

Further increase in filler content, resulted in a decrease
in bond strength. Miccrotensile bond strength decrease
was attributed to the agglomeration of the nano-particles
at higher filler contents. Very small nanofillers easily
aggregate because of their high surface energy (7). The
accumulation of these filler agglomerates on the top of
the etched dentin substrate, prevent the penetration of
adhesive monomers into the dentinal tubules and hybrid
layer. Another factor for decreasing the penetration of
resin adhesive is the higher viscosity of adhesive at hig-
her filler content. These result in decreasing the micro-
mechanical retention which is the most important factor
in dentin bond strength.

Other studies showed higher strength at lower filler
contents. Solhi et al. (10) found the highest microshear
bond strength of adhesive containing PAA-g-nanoclay
at 0.2wt%. They suggested that the adhesive containing
0.2wt.% penetrated into tubules providing micromecha-
nical interlocking by the resin tag formation, whereas
in adhesive containing higher filler content (5 wt.%) the
penetration is not complete and leaves most of the tubu-
les empty. The lack of resin tags results in a poor reten-
tion and a gradually drop in microshear bond strength.
Lohbauer et al. (20) reported the highest bond strength
in 20wt% filler added to primer of a three step bonding
agent. He suggested that the spherical shape of the na-
noparticles by using laser vaporization of the raw zir-
conia powder provides particles with only one point of
contact, so decreasing the tendency of agglomeration,
cause a small surface area available for particle—particle
attraction and less energy is needed to break these inte-
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ractions. Also this higher content was added to primer
(not adhesive) which maybe because of lower viscosity
of primer, addition of higher filler is more possible.
Decreasing bond strength at higher filler content was also
reported in the other studies (4,7,10-12). This decrease
is attributed the agglomeration of very small nanoparti-
cles, above the etched dentin surface. In this condition,
demineralizad dentin acts as a cribriform and prevents
resin infilteration into dentin (10,13,21). Agglomerated
fillers form clusters and these agglomerated clusters
make flaws which concentrate the applied stress leading
to decrease in the bond strength (4,7,13).

In this study the group with 1wt% filler showed non-
significant higher bond strength than control group (Ad-
per Single Bond Plus 2,3M ESPE). Adper Single Bond
Plus 2 is a single bottle fifth generation consists of silica
nanofillers. In single bottle systems silica fillers are also
used as a viscosity and thickness enhancement agent to
prevent overthining and lacking of polymerization due
to oxygen-inhibition (22-25).

Conclusions

The results of this study showed that incorporation of
sepiolite nanoparticles into an experimental dentin bon-
ding system enhanced the microtensile bond strength
to human dentin. The highest increased was found at 1
wt%. The results indicate that the sepiolite nanoparticles
are promising reinforcing fillers to improve the bonding
strength of dentin bonding agents.

References

1. Van Landuyt KL, Snauwaert J, De Munck J, Peumans M, Yoshida
Y, Poitevin A, et al. Systematic review of the chemical composition of
contemporary dental adhesives. Biomaterials. 2007; 28:3757-85.

2. Nakabayashi N, Kojima K, Masuhara E. The promotion of adhesion
by the infiltration of monomers into tooth substrates. J Biomed Mater
Res. 1982;16:265-73.

3. Leloup G, D’Hoore W, Bouter D, Degrange M, Vreven J. Concise
Review Biomaterials & Bioengineering: Meta-analytical Review of
Factors Involved in Dentin Adherence. J Dent Res. 2001;80:1605-14.

4. Sadat-Shojai M, Atai M, Nodehi A, Khanlar LN. Hydroxyapatite
nanorods as novel fillers for improving the properties of dental adhesi-
ves: Synthesis and application. Dent Mater. 2010;26:471-82.

5. Nakabayashi N, Ashizawa M, Nakamura M. Identification of a re-
sin-dentin hybrid layer in vital human dentin created in vivo: durable
bonding to vital dentin. Quintessence Int. 1992;23:135-41.

6. Van Meerbeek B, Yoshida Y, Snauwaert J, Hellemans L, Lambrechts
P, Vanherle G, et al. Hybridization effectiveness of a two-step versus a
three-step smear layer removing adhesive system examined correlati-
vely by TEM and AFM. J Adhes Dent. 1999;1:7-23.

7. Kim JS, Cho BH, Lee IB, Um CM, Lim BS, Oh MH, et al. Effect
of the hydrophilic nanofiller loading on the mechanical properties and
the microtensile bond strength of an ethanol-based one-bottle dentin
adhesive. ] Biomed Mater Res B Appl Biomater.2005;72:284-91.

8. Cho BH, Dickens SH, Bae JH, Chang CG, Son HH, Um CM. Effect
of interfacial bond quality on the direction of polymerization shrinkage
flow in resin composite restorations. Oper Dent. 2002; 27:297-304.

9. Dickens SH, Cho BH. Interpretation of bond failure through con-
version and residual solvent measurements and Weibull analyses of
flexural and microtensile bond strengths of bonding agents. Dent Ma-
ter. 2005;21:354-64.

10. Solhi L, Atai M, Nodehi A, Imani M. A novel dentin bonding sys-



J Clin Exp Dent. 2017;9(6):¢738-42.

tem containing poly (methacrylic acid) grafted nanoclay: synthesis,
characterization and properties. Dent Mater. 2012;28:1041-50.

11. Solhi L, Atai M, Nodehi A, Imani M, Ghaemi A, Khosravi K. Poly
(acrylic acid) grafted montmorillonite as novel fillers for dental adhe-
sives: synthesis, characterization and properties of the adhesive. Dent
Mater. 2012;28:369-77.

12. Atai M, Solhi L, Nodehi A, Mirabedini SM, Kasraei S, Akbari K, et
al. PMMA-grafted nanoclay as novel filler for dental adhesives. Dent
Mater. 2009;25:339-47.

13. Nunes MF, Swift EJ, Perdigdo J. Effects of adhesive compo-
sition on microtensile bond strength to human dentin. Am J Dent.
2001;14:340-3.

14. Franchini E, Galy J, Gérard JF. Sepiolite-based epoxy nanocom-
posites: relation between processing, rheology, and morphology. J Co-
lloid Interface Sci. 2009;329:38-47.

15. Tartaglione G, Tabuani D, Camino G, Moisio M. PP and PBT com-
posites filled with sepiolite: morphology and thermal behaviour. Com-
posites science and technology. 2008;68:451-60.

16. Hashimoto M, Ohno H, Kaga M, Endo K, Sano H, Oguchi H. In
vivo degradation of resin-dentin bonds in humans over 1 to 3 years. J
Dent Res. 2000;79:1385-91.

17. Wahab FK, Shaini FJ, Morgano SM. The effect of thermocycling
on microleakage of several commercially available composite Class V
restorations in vitro. J Prosthet Dent. 2003;90:168-74.

18. Can Say E, Nakajima M, Senawongse P, Soyman M, Ozer F, Ogata
M, et al. Microtensile bond strength of a filled vs unfilled adhesive to
dentin using self-etch and total-etch technique. J Dent. 2006;34:283-
91.

19. Kasraei S, Atai M, Khamverdi Z, Nejad SK. The effect of nanofi-
ller addition to an experimental dentin adhesive on microtensile bond
strength to human dentin. Journal of Dentistry of Tehran University of
Medical Sciences. 2009;6:36-41.

20. Lohbauer U, Wagner A, Belli R, Stoetzel C, Hilpert A, Kurland
HD, et al. Zirconia nanoparticles prepared by laser vaporization as fi-
llers for dental adhesives. Acta Biomater. 2010;6:4539-46.

21. Miyazaki M, Ando S, Hinoura K, Onose H, Moore BK. Influence
of filler addition to bonding agents on shear bond strength to bovine
dentin. Dent Mater. 1995;11:234-8.

22. Moszner N, Salz U, Zimmermann J. Chemical aspects of self-
etching enamel-dentin adhesives: a systematic review. Dent Mater.
2005;21:895-910.

23. Gallo JR, Comeaux R, Haines B, Xu X, Burgess JO. Shear
bond strength of four filled dentin bonding systems. Oper Dent.
2001;26:44-7.

24. Frankenberger R, Perdigdo J, Rosa BT, Lopes M. “No-bottle”
vs “multi-bottle” dentin adhesives--a microtensile bond strength and
morphological study. Dent Mater. 2001;17:373-80.

25. Tam LE, Khoshand S, Pilliar RM. Fracture resistance of dentin-
composite interfaces using different adhesive resin layers. J Dent.
2001;29:217-25.

Conflicts of interest
All authors are required to provide a signed statement of their conflicts
of interest as part of the author statement form.

e742

Evaluation sepiolite effect on bond strength



