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INTRODUCTION

Abstract:

Objective: Optimal dentin bonding is not always obtained in clinical practice due to func-
tional forces. These forces may provide stresses throughout the tooth and restorative sys-
tem, which in turn may affect the adhesive bond. This experimental study evaluated the
effect of load cycling on bond strength of self-etch systems.

Materials and Methods: One third of the coronal portions of 48 intact human extracted
upper premolars were removed. The teeth were equally divided into six groups. In groups
Unloaded-Clear tri-S Bond (ULCB) and Loaded-Clear tri-S Bond (LCB), prepared dentin
surfaces of each tooth were treated with Clearfil tri-S Bond (Kurary medical inc, Oka-
yama, Japan), in groups Unloaded-I Bond (ULIB) and Loaded-I Bond (LIB) with I bond
(Heraeus Kulzer, GmbH,&Co KG, Germany), and in groups Unloaded-Xeno III (ULX)
and Loaded-Xeno III (LX) with Xeno III dentin adhesives (Dentsply Detrey GmbH, Kon-
stanz, Germany). Then, the teeth were restored with Filtek Supreme resin composite. After
thermal cycling of the:samples, Groups LCB, LIB and LX were submitted to mechanical
loading (100,000 cycles, 60 N). Microtensile bond strength (MTBS) test was performed
for all of groups: Two-way ANOVA and Tukey HSD tests served for statistical analysis.
Results: Results showed that groups ULCB and ULIB had significantly more bond
strength than group ULX (P<0.05). For all the tree adhesive systems, the MTBS values in
teeth subjected to load cycling was significantly lower than unloaded teeth (P<0.001).
Conclusion: Loead cycling seems to decrease MTBSs of one-step adhesive systems to den-
tin.
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requiring an additional bonding step [3,4]. De-

Micro-mechanical retention within the demin-
eralized dentin surface through the formation
is currently known as the mechanism for bond-
ing adhesive resins to dentin [1,2]. Based on
clinical application steps, modern dentin bond-
ings agents can be classified into three-step
total-etch, two-, and single-step systems. Two
types of two-step systems exist: the total etch-
ing adhesive systems requiring a separate etch-
ing step; and the self-etching primer systems
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velopment and marketing of new generations
of bonding agents are growing rapidly. In or-
der to simplify clinical procedure, the most
recent commercially available systems have
attempted to reduce the number of system
components through combining the bonding
procedures into a single step application.
These adhesives are one-step self-etch, or the
so called "All in one" [3,5]. It has been re-
ported that their ability to simultaneously
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demineralize and penetrate into enamel sig-
nificantly reduces the working time, which is
of great advantage in pediatric dentistry [6].
Moreover, some in Vvitro studies have reported
high bond strengths for these materials
[3,5,7,8].

Since such factors as normal daily functioning,
thermal stresses, malocclusion, and habitual
bruxism stresses through out the tooth and re-
storative system may affect and destroy the
adhesive bond, optimal dentin bonding may
not always be obtained in clinical practice
[9,10].

Applying cyclic mechanical stress on restora-
tion could simulate actual conditions. This
simulation can provide valuable information
on dentin bonding durability especially for
newly introduced agents. However, a few stud-
ies exist on this subject in the literature [11-
14].

The purpose of this in vitro study was to
evaluate the effect of mechanical load cycling
on microtensile bond strength (MTBS) of three
self-etch dentin adhesives.

MATERIALS AND METHODS

The study was done on 48 freshly extracted
sound human upper premolars. The specimens
had been stored in 0.5% Chloramines-T (Pro-
labo, Paris, France) solution at 4°C for less
than four months. Twenty-four hours before
starting of the experiment, they were im-

mersed in distilled water. The teeth were
cleaned and polished by using slurry pumice
with a brush and low-speed handpiece. Cor-
onal portion of the teeth was removed using
trimmer machine (Dentaurum, Pforzheim,
Germany) with water coolant. The cut dentin
surface was abraded against 400 grits and then
600 grits wet silicon carbide papers (991 A,
Softlex, Germany) to obtain a standard and
uniform smear layer.

The teeth were randomly divided into six
groups of 8 each and prepared as fallows:

In groups Unloaded-Clear tri-S Bond (ULCB)
and Loaded-Clear tri-S Bond (LCB), the pre-
pared surface of each tooth was treated with
Clearfil tri-S Bond dentin adhesive, in groups
Unloaded-I Bond (ULIB) and Loaded-I Bond
(LIB) 'with I bond dentin adhesive, and in
groups Unloaded-Xeno Il (ULX) and Loaded-
Xeno III (LX) with Xeno III dentin adhesive
according to manufacturers’ instructions (Ta-
ble 1). Then, the treated surfaces restored with
a light cured composite resin (Single Bond®,
3M ESPE, USA), to a height of approximately
Smm. Each increment was separately cured for
20 seconds using a Halogen light curing unit
(Coltolux II, Coltene, Altatatten, Germany)
with output of 500 mW/cm®.

Specimens were stored in distilled water at
37°C for a week. In all groups thermo cycling
was separately simulated with a thermo cycle
apparatus for 2500 cycles. The teeth were

Table 1. The adhesive systems applied on 48 extracted premolars to compare microtensile bond strength with and

without load cycling

Adhesive system Manufacturer

Application Protocol

Kurary medical inc,

ClearfilTri-S Bond Okayama, Japan

Heraeus Kulzer,

Dispense one drop of liquid into mixing well

Apply to dentin for 20 seconds Relatively strong stream of air to

dry and light irradiation for 10 seconds

Apply in two consecutive layer and rub for 30 seconds,

Gentle air dry until adhesive moves no more

Thoroughly air dry for 5 seconds and Light cure for 20 seconds

Dispense one drop of liquid A and liquid B into mixing well and

| Bond GmbH,&Co KG, Ger-
many
xeno 111 Bond Dentsply Detrey GmbH

Konstanz, Germany

Mix for 5 seconds

> Apply generously onto preparation surfaces Leave for at least 20
seconds, Gentle stream of air for at least 2 seconds until there is no

flow and light irradiation for 10 seconds
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placed in separate mesh bags, and alternated
between 5°C (SD=1) and 55°C (SD=1) with
dwell time of one minute in each bath and 15-
second transition time between the baths.
Groups LCB, LIB and LX were selected to be
load cycled. The mechanical load-cycling test
was performed as fallows:

Root surfaces were wrapped in two layers of
0.Imm foil (Adapta System; Bego, Bremen,
Germany) prior to being embedded in clear
acrylic resin (GC Pattern Resin, GC America,
USA). This procedure allowed embedding the
root in the resin in a way that the crown mar-
gin was two millimeters above the level of the
acrylic resin in order to simulate the position
of the alveolar bone in natural teeth. Roots
were mounted in the acrylic resin blocks with
PVC rings 2 cm in diameter. When the first
signs of polymerization appeared, the teeth
and the foil spacers were removed from the
acrylic resin blocks and the root surfaces, re-
spectively. An injectionable type vinyl polysi-
loxane impression material (Rapid, Coltene
AG, Altstitten, Switzerland) was delivered
with a dispenser gun (3M, USA) through the
mixing tip into the acrylic resin alveolus.-The
teeth were reinserted in the blocks. and then
impression material was allowed to polymer-
ize. The excess silicone.material was removed
with a scalpel blade to provide a flat surface 2
mm below the facial CEJ of each tooth. The
thin layer of silicone material simulated the
periodontal ligament.

A stainless imetal plate (10 mm diameter, 1
mm thick) was abraded with alumina and luted
to resin composite with panavia F2.0 cement

(Kuraray Co. Ltd, Osaka, Japan) to avoid
stress formation in the center of resin compos-
ite restoration during load cycling procedures.
The pulp chamber was penetrated buccally or
palatally with a tube (sealed with DBA, Opti-
bond, FL, USA), which was connected to a
simulated pulpal circulation of saline water
under a pressure of 14 cm H,O. All specimens
were submitted to 100000 cycles with 60N
loading forces. The axial force was exerted at
a two-hertz frequency following a one-half
sinus wave curve. Composite restored surfaces
were contacted by antagonist artificial surfaces
made of stainless steel with a hardness similar
to natural enamel (Vickers hardness:
enamel=320-325; steel=315). Loading was
performed.with Universal testing machine
(MTS-858; MTS systems Corp, Edent Prairie,
Minn, USA).

In order to perform the MTBS test, the coronal
part of the teeth were sectioned parallel to the
long axis with a hard tissue cutting machine
(Ham Co. machines, Inc., Rochester, NY,
USA) to form 1 mm wide slices. Each slice
was trimmed and shaped along the adhesive
interface with a super-fine C-16 diamond bur
(GC Ltd, Tokyo, Japan) resulting in a 1 mm®
cross-section. Digital calipers were used to
measure the bonded interface dimensions. Two
specimens were prepared from each tooth and
each specimen was tested with a micro tensile
testing machine (Bisco Inc, IL, USA) at a
cross-head speed of 0.5 mm/min. Sixteen
specimens were measured in each tested
group. The data were analyzed using one-way
ANOVA and Tukey HSD tests.

Table 2. Microtensile bond strength means and standard deviations (SD) of three adhesive systems applied on 48
extracted premolars (two specimen from each tooth) with and without load cycling

Group N Mean (MPa) SD (MPa)
Unloaded-Clear tri-S Bond (ULCB) 16 29.99 7.98
Loaded-Clear tri-S Bond (LCB) 16 19.54 5.25
Unloaded-1 Bond (ULIB) 16 18.42 3.23
Loaded-1 Bond (LIB) 16 11.73 2.88
Unloaded-Xeno 111 (ULX) 16 22.93 3.72
Loaded-Xeno 111 (LX) 16 16.57 3.22
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RESULTS

Table 2 summarizes the means of micro tensile
bond strength and the standard deviations for
the tested groups. ULCB showed the highest
bond strength, while Group LIB had the lowest
values. Results of two-way ANOVA test indi-
cated statistically significant differences of
MTBS means for the main factors (load cy-
cling and dentin bonding type) (P=0.001) but
no significant difference existed for their inter-
active effect (P=0.15) (Table 3).

Tukey HSD tests as post-hoc test showed that
MTBS of load cycled groups were signifi-
cantly lower than unloaded groups (P=0.001).
No significant difference existed between
mean MTBS values of groups ULCB and
ULX (P=0.06), but the mean MTBS of Group
ULIB was significantly lower than these two
groups (P<0.05).

DISCUSSION

The results of this study showed that loaded
specimens have the lower micro tensile bond
strengths than unloaded specimens. A reliable
and durable bonding between resin materials
and dentin is important in the field of adhesive
dentistry. An ideal study method toevaluate
quality of new bonding systems is long term
clinical trial [4,15]. The performance of such
studies, however, is difficult because of opera-
tor variability, substrate differences, recall
failure, and taking time and resources [16].
The present study was designed to simulate
clinical situations. Thus, the samples were sub-
jected to load and thermo cycling.

In self-etch adhesive dentin bonding systems
presence of acidic monomers results in forma-
tion of a thin hybridoid layer on dentinal sur-

face. This layer provides micro mechanical
retention for restorations. It is thought that this
layer is the weakest link to achieve long-term
durable bonding. A possible explanation for
the obtained result can be concentration of
main stress in hybridoid layer interface proba-
bly leading to plastic deformation of the adhe-
sive interface when mechanical load cycling
was applied. Fatigue could be a facilitating
factor for failure in hybridoid layer. Our re-
sults confirmed previous studies that indicated
fatigue could decrease resin-dentin bond
strength [17-20].

It has been reported that demineralized dentin
became weaker after’ cyclic loading [21].
Nikaido et-al [11] evaluated the effect of ther-
mocycling and mechanical loading on bond
strength.of a self-etching primer system to
dentin and concluded that surface preparation,
C-factor, cavity depth and dentin substrate in-
fluence bond strength values after thermal and
fatigue loadings. A study on a total etch adhe-
sive’ system showed that mechanical cycling
alone did not affect bond strength but when
thermal and mechanical load cycling were per-
formed bond strength decreased significantly
[12]. Some studies indicated that no significant
difference existed between shear bond strength
of unloaded and loaded groups when cyclic
compressive loading were applied [22-24].
Compared to other adhesive bond strength
tests, MTBS test has several advantages in-
cluding the improvement of stress distribution
during testing, the prevention of cohesive fail-
ures in dentin, the ability to measure regional
differences in resin-dentin bond strength, and
the ability to measure the higher bond strength
of newly developed materials [25].

Table 3. Results of Two-way ANOVA test to compare microtensile bond strength means among three adhesive
systems applied on 48 extracted premolars (two specimen from each tooth) with and without cyclic loading.

Source df F P value

Dentin bonding agent 1 34.2 0.001 (S)
Load Cycling 1 64.7 0.001 (S)
Dentin bonding vs. Load cycling 2 1.93 0.15 (NS)

S=significant, NS=not significant, df=degrees of freedom, F= F-statistics
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It should be emphasized that randomized con-
trolled clinical trials are the most reliable way
to assess the long-term behavior of the adhe-
sive systems. Therefore, further researches in
this field are recommended.

CONCLUSION

Under the limitations of the present study,
MTBS of Clearfil tri-S Bond and Xeno III
dentin adhesives was significantly more than I
Bond dentin adhesive. Moreover, load cycling
influenced adversely bond strength of these
dentin adhesives.
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