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Clinical Relevance

New resin composite technologies, such as nano-filled-based systems, have been developed. The
assessment of such materials in a simulated laboratory chewing condition may assist with the
selection of composites in a clinical situation.
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SUMMARY

This study evaluated the effect of cyclic loading
on the bond strength of Class II restorations
using different composite materials. Class II

preparations with gingival margins located in
dentin were performed on the mesial surface of
80 bovine incisors. The teeth were randomly allo-
cated to eight groups (n=10) according to resin
composite (Filtek Z250, Filtek Supreme, Tetric
Ceram HB and Esthet-X) and use of cyclic load-
ing. The restorations were bonded with the
Single Bond adhesive system. Simulated aging
groups were cyclic loaded for 200,000 cycles with
80N load (2Hz). The specimens were vertically
sectioned (two slabs per restoration) and further
trimmed into an hour-glass shape at the adhesive
interface to obtain a final bonded area 1 mm2.
Samples were placed in an apparatus and tested
under tension using a universal testing machine.
The data were analyzed using two-way ANOVA
and Tukey test with a 95% confidence level. Aged
groups presented significantly lower means
when compared to the groups that were not aged
(p=0.03). However, significant differences among
composite materials were not observed (p=0.17).
Regardless of the restorative composite material
used, it could be concluded that the bond
strength of Class II restorations at the gingival
wall was affected by simulated cyclic loading.
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INTRODUCTION

In the past, patients’ demands for posterior composite
restorations had significantly increased, and the
longevity of these restorations has become a common
concern among researchers and clinicians.1-2 The dura-
bility of an adhesive restoration seems to be closely
related to the integrity of the tooth-restorative material
interface. Failures within the bonded interface may
result in undesirable effects, such as post-operative sen-
sitivity, marginal staining, recurrent caries and pulp
pathology.3 Several aspects can contribute to the poor
performance of posterior restorations, including com-
posite shrinkage stresses, thermal/mechanical fluctua-
tions, light attenuation,4-6 technique sensitivity and
incorrect indication. In addition, posterior restorations
with margins in dentin, such as Class II and Class V
preparations, are more challenging, since dentin bond-
ing is less predictable than enamel bonding.7

An ideal restorative material should be able to resist
stresses that are present in the oral environment and
protect the interface between the tooth and the restora-
tive material. However, there is no consensus in the lit-
erature regarding the most appropriate composite
material to be used in direct posterior
restorations. Among the many kinds of
restorative materials that are available
for posterior restorations are universal
composites, which can be used both in
anterior and posterior teeth (micro-
hybrid composites and monomodal
composites) and composites specifically
designed for the restoration of posterior
teeth. Recently, nanofilled composites
were introduced into the market and,
according to their manufacturers, these
resin-based materials have adequate
properties that can be used in stress-
bearing applications, such as posterior
restorations.8

Long-term clinical trials of adhesive
restorative materials are the most effi-
cient methods of evaluating the dura-
bility of restorations.9 However, due to
the rapid development of resin-based
materials, it is difficult to track the evo-
lution of these materials and collect suf-
ficient clinical data to evaluate their
durability.10 To overcome this limitation,
laboratory methods that simulate some
conditions of the oral environment were
developed, such as cyclic loading.5,11-13

These in vitro simulated tests could
accelerate deterioration of the interface
between dentin and the restoration,
providing a better evaluation of these
restorative materials.5

This study evaluated the effect of cyclic loading on
bond strength at the gingival wall of Class II restora-
tions using different composite materials (three uni-
versal composites [Filtek Z250, Filtek Supreme and
Esthet-X] and one posterior composite [Tetric Ceram
HB]). Two null hypotheses were tested: 1) no differ-
ences in bond strength at the gingival wall will be
observed among resin composite materials and 2)
cyclic loading will not affect dentin bond strength at
the gingival wall of Class II restorations.

METHODS AND MATERIALS

Eighty extracted bovine incisors were collected, cleaned
and stored in 0.1% thymol solution. The incisal surfaces
were horizontally sectioned 5.0 mm above the cement-
enamel junction (CEJ) using a double-faced diamond
disc (KG Sorensen, Barueri, SP, Brazil), allowing for the
configuration of a flat standard occlusal surface
(Figures 1A and 1B). The teeth had part of their roots
embedded in cold cure polystyrene resin (Cromex,
Piracicaba, SP, Brazil)

Class II slot preparations were prepared on the mesial
surface using a high-speed #245 carbide bur (KG
Sorensen, Barueri, SP, Brazil) under constant water-
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Figure 1: A) Sectioning the tooth with a double-faced diamond disc; B) Flat surface 5.0 mm above
the CEJ; C) Class II slot preparation in the proximal and occlusal-gingival directions; D) Loading
device on top of the restoration; E) Restoration sectioning; F and G) slab configuration for microten-
sile bond strength test (F and G).
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cooling. The cavity preparations were 4.0 mm wide, 6.0
mm high (1.0 mm below the CEJ) and 1.5 mm deep
toward the pulp chamber (Figure 1C). The burs were
replaced after every five preparations. The inner angles
of the cavities were rounded and the margins were not
beveled. Dentin morphology at the gingival wall result-
ed in bonding parallel to enamel rod and dentin tubule
orientation, where lower bond strengths were expected
when compared to using the ends of prisms/tubules.

The cavities were randomly allocated into eight dis-
tinct groups according to the composite material used
and the occurrence of cyclic loading. The materials
were tested in two different conditions (submitted or
not submitted to the cyclic loading) and each material
served as its own control. The experimental groups
were as follows:

G1—Filtek Z250 without cyclic loading

G2—Filtek Supreme without cyclic loading

G3—Tetric Ceram HB without cyclic loading

G4—Esthet-X without cyclic loading

G5—Filtek Z250 + 200,000 load cycles

G6—Filtek Supreme + 200,000 load cycles

G7—Tetric + 200,000 load cycles

G8—Esthet-X + 200,000 load cycle

The preparations were bonded using the Single Bond
(3M ESPE, St Paul, MN, USA) adhesive system, fol-
lowing manufacturers’ instructions. The dentin surface
was etched with 35% H3PO4 for 15 seconds, rinsed with
water for 15 seconds and gently air dried for two sec-
onds. Two consecutive coats of adhesive were applied,
lightly air dried for two seconds and light-cured
(Optilux 501, Sybron Kerr, Danbury, CT, USA) for 10
seconds.

The resin composite materials used in the current
study are listed in Table 1. Class II preparations were

restored using the respective composite material and
three 2.0 mm horizontal increments. Each increment
was light-cured for 20 seconds through the occlusal sur-
face by maintaining the light tip in contact with the
occlusal surface. A 1.0 mm overfill was left on the
occlusal surface to enable cyclic loading over the
restorative material only.14 During all restorative proce-
dures, light output of the light-curing unit was meas-
ured and found to be greater than 660mW/cm2. Upon
completion of the restorative procedures, the specimens
were stored in distilled water at 37°C for 24 hours.
They were then finished and polished with Al2O3 abra-
sive discs (Sof-Lex Pop-On, 3M ESPE).

Cyclic Loading

Cyclic loading was conducted in a Mechanical Loading
Machine (Erios International, São Paulo, SP, Brazil)
with a 15.0 mm cylindrical metallic tip attached to a
steel bar placed in contact with the restoration (Figure
1D). The loading device delivered an intermittent axial
force of 80 N at two cycles/seconds. The specimens were
maintained in water at 37°C during the 200,000 load
cycles.

Microtensile Bonding Test

The restorations were sectioned perpendicular to the
cervical bonded interface of each tooth (Figure 1E) into
1.0 ± 0.2 mm thick slabs (n=2 per restoration) (Figure
1F) using a slow-speed diamond blade (Buehler, Lake
Buff, IL, USA) and constant water coolant. The slabs
were trimmed into an hour-glass shape at the adhesive
interface using a #1093FF fine diamond bur (Injecta,
Diadema, SP, Brazil) to obtain a final bonded area of 1
mm2 (Figure 1G). The specimens were then mounted in
a testing apparatus with cyanocrylate adhesive (Super
Bonder; Henckel Loctite, Itapevi, SP, Brazil) and tested
in tension using a universal testing machine (DL 500;
EMIC Ltd, São José dos Pinhais, PR, Brazil) at a
crosshead speed of 0.5 mm/minute until failure. The

165Cavalcanti & Others: Effect of Cyclic Loading on Bond Strength

Material/Classification Manufacturer Composition*

Filtek Z250/Universal composite 3M ESPE, St Paul, MN, USA Bis-GMA, UDMA, Bis-EMA, TEGDMA, zirconia/
silica fillers.

Filtek Supreme/Universal nanocomposite 3M ESPE, St Paul, MN, USA Bis-GMA, UDMA, Bis-EMA, TEGDMA, nanosilica 
filler.

Esthet-X/Universal composite Dentsply DeTrey, Konstanz, Germany Urethane modified Bis-GMA-adduct, Bis-EMA, 
TEGDMA, photo initiators, stabilizers, barium 
fluoro alumino boro silicate, highly dispersed 
silicon dioxide.

Tetric Ceram HB/Posterior composite Ivoclar Vivadent, Schaan, Liechtenstein Bis-GMA, urethane dimethacrylate, decandiol 
dimethacrylate, barium glass, barium alumino 
fluorosilicate glass, ytterbium trifluoride, silicon 
dioxide, speroid mixed oxide, additives, catalysts, 
stabilizers, pigments.

Abbreviations: Bis-GMA: Bisphenol A diglycidyl ether dimethacrylate; UDMA: urethane dimethacrylate; Bis-EMA: Bisphenol A polyethylene glycol diether dimethacrylate; TEGDMA: triethylene glycol
dimethacrylate
*Provided by the manufacturer

Table 1: Materials Used in This Study, Their Classification, Manufacturer and Composition
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means and standard devia-
tions were calculated and
expressed in MPa.
Statistical analysis was per-
formed using two-way
ANOVA and Tukey’s test at a
95% confidence level.

RESULTS

Table 2 shows the bond
strength values and stan-
dard deviations. Two-way
ANOVA did not show a sig-
nificant interaction (p=0.77) between the two factors—
restorative composite and cyclic loading. Cyclic loading
resulted in a significant decrease in bond strength at
the gingival wall of all restorative composites (p=0.03).
Nevertheless, no significant differences among compos-
ites were observed (p=0.17). Even though bond
strengths decreased after mechanical stress, the
restorative materials continued presenting similar per-
formance after loading.

DISCUSSION

Resin composite restorations are technique sensitive,
particularly when placed in posterior teeth where
access, visibility and moisture are difficult to control.15

The current study was conducted to investigate
whether different types of composite materials behave
differently in posterior restorations submitted to
mechanical fatigue. A nanofilled composite (Filtek
Supreme), a composite indicated only for posterior
restorations (Tetric Ceram HB) and two universal com-
posites (Filtek Z250 and Esthet-X) were selected due to
their different characteristics. Class II restorations
were placed in bovine incisors, and dentin bonding was
tested at the gingival wall of the proximal prepara-
tions. The use of bovine incisors to replace human
teeth was intended to standardize the age of the teeth,
sclerosis, wear and dimensions.1

Degradation of the adhesive interface due to mechan-
ical loading is a very important issue in restorative
dentistry, since the demand for aesthetic restorations
in posterior teeth has significantly increased. Cyclic
loading is based on the application of repeated load
cycles that simulate some clinical chewing move-
ments.10 Several studies have used mechanical loading
to artificially age composite restorations.5,9-10,14,16-17

However, as a general rule, the findings of such stud-
ies cannot be compared because of discrepancies in
their methodologies, such as the wide range of load
applied (from 50N to 125N) and the number of cycles
(from 4,000 to 500,000).5,10,18-19 The current study was
conducted following the same methodology and num-
ber of mechanical load cycles proposed by a previous
study.5 Mitsui and others5 stated that 200,000 mechan-

ical cycles can significantly affect the bond strength of
the Single Bond system at the gingival wall of Class II
preparations. Therefore, in order to investigate
whether the restorative material would have a signifi-
cant effect on bond strength at the gingival wall, the
same number of mechanical cycles was used in the cur-
rent study.

According to the current study, none of the four resin
composites evaluated was able to prevent a decrease in
bond strength at the gingival wall following cyclic load-
ing. All the resin composites presented significantly
lower bond strength after mechanical fatigue. A possi-
ble explanation for this finding is that the composites
were not able to absorb stresses from cyclic loading.
Therefore, this strain is completely transmitted to the
bonding interface. Studies have suggested that poste-
rior restorations should use an intermediary resin
layer with a low elastic modulus to act as a stress
absorbing layer and preserve the adhesive bond.20-21

However, in a previous study,13 the authors observed
that the intermediary layer, which is more flexible, had
no significant effect on bond strength to dentin, and
groups with and without the intermediary layer pre-
sented the same performance after being submitted to
thermal and mechanical stresses. Also, according to De
Munck and others,22 once an intimate bond that can
withstand polymerization shrinkage is created, no
extra elastic properties appear necessary to withstand
the stress generated by chewing and clenching.

The second explanation for the lower bond strength
observed after mechanical loading could be related to
the adhesive system used in this study. Single Bond is
an etch-and-rinse system that presents Bis-GMA
(bisphenol-A-diglycidyl ether dimethacrylate) and
HEMA (2-hydroxyethyl methacrylate) as its main
chemical components. An outcome commonly related to
etch-and-rinse systems is incomplete resin infiltration
of hydroxyapatite-depleted collagen.7 This suboptimal
resin infiltration can lead to a porous zone within the
hybrid layer, compromising durability of the bond.7,23 In
addition, it was stated that HEMA monomer reacts
with the collagen fibrils in dentin to form either hydro-
gen bonding or a new bond to the ester group of

166 Operative Dentistry

Composite Material Mechanical Loading

Control 200,000 Cycles

Filtek Z250 25.6 (8.4) 23.9 (6.1) a

Filtek Supreme 23.2 (7.7) 18.1 (6.3) a

Esthet-X 22.7 (8.1) 17.3 (4.9) a

Tetric Ceram HB 23.6 (4.9) 21.5 (6.9) a

A B
Same letters are not statistically different (two-way ANOVA/Tukey test, α=0.05). Upper case letters compare mechanical loading. Lower case
letters compare composite materials. Coefficient of variation = 30%.

Table 2: Mean Values—Expressed in MPa—(standard deviations) on the Microtensile Bond 
Strength at the Gingival Wall of Class II Restorations
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HEMA.24 However, hydrogen bonding might be
reduced by thermal and mechanical tensions, or by the
presence of intrinsic water contained within the colla-
gen fibrils in the moist bonding technique.5,25 If dem-
ineralized dentin at the gingival location of Class II
preparations is too wet and not fully hybridized, it can
become vulnerable to hydrolytic breakdown, compro-
mising the integrity and strength of the bonded inter-
face.26 In the current study, use of the wet bonding
technique and cyclic loading under water may have
resulted in a combined effect that was accountable for
the lower bond strengths after simulated loading. In
addition, since the restorations were loaded in the
presence of water, degradation of the interface compo-
nents could have played a fundamental role in decreas-
ing the restorations’ bond strength.

Although the composite materials investigated pre-
sented different resinous matrices and filler contents,
they did not demonstrate a significant effect on dentin
bonding. A previous study27 observed significant differ-
ences in the dentin bond strengths of Class I restora-
tions with eight commercially available composite
materials (hybrid, microfilled and nanocomposite). The
eight composite materials presented a highly signifi-
cant correlation between shrinkage stress and bond
strength to dentin.27 According to the authors, the
extent of stress that developed within the composite
materials during polymerization, using the same light
exposure and technique, depended on its inherent
properties, such as chemical composition and fraction
of the matrix, reinforcing material and silane, the rhe-
ology and viscosity of the paste, the flow behavior of
the material during the pre-gel phase and duration of
the pre-gel phase, the type and amount of the initiator
systems, the inherent defects during sample prepara-
tion, temperature and humidity.27

Hence, stress developed during composite shrinkage
and its effect on the quality of dentin bonding will also
vary according to the geometry of the cavity (C-factor).6

Although Class II preparations present a lower C-fac-
tor when compared to Class I preparations, polymer-
ization shrinkage will be present and might impair
dentin bonding at the gingival wall. In this study,
despite the lack of differences among the restorative
materials, it could be suggested that stress developed
during polymerization shrinkage could have affected
the dentin-composite interface, enabling a higher
effect of cyclic loading.

According to the findings of this study, the first null
hypothesis was accepted, since restorative materials
did not present a significant effect on dentin bonding,
while the second null hypothesis must be rejected,
because bond strengths decreased in all groups after
cyclic loading.

CONCLUSIONS

Within the limitations of this study, it can be concluded
that dentin bond strengths at the gingival wall of Class
II preparations were affected by simulated cyclic load-
ing but not by the type of resin composite used.
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