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Abstract: Objectives: The aim of this study was to evaluate the effect of using two different curing units and two
different curing modes on the longevity of the tooth/restoration seal after being subjected to load cycling. Methods:
Kerr adhesive (Opti Bond Solo Plus) and resin composite (HERCULITE) were used in this study. Wedge-shaped
cavities were prepared at CEJ of buccal surfaces on 80 sound extracted human premolars. Cavities were randomly
divided into four groups according to the curing units and modes (n=20), 1) cured with Elipar S10 unit (3M/ESPE)
for 20seconds continuous curing (continuous mode), 2) cured with Bluephase G2 unit (Ivoclar Vivadent) for
20seconds continuous curing, 3) cured with Elipar S10 unit (3M/ESPE) for 5seconds then 10seconds rest followed
by 20 seconds curing (pulse-delay mode)and 4) cured with Bluephase unit (Ivoclar Vivadent) for Sseconds then
10seconds rest followed by 20 seconds curing. Each group was further divided into 2 subgroups (n=10): subgroup
A; No load cycling was applied, and subgroup B; was subjected to occlusal load cycling (90 N) for 10000 cycles.
Specimens were tested for gap formation along both occlusal and gingival interfaces using Quanta Environmental
SEM. Data were statistically analyzed using three-way Analysis of Variance (ANOVA) and Bonferroni’s post-hoc
test (P<.05). Results: Elipar S10 curing unit showed statistically significantly higher mean gap values than
Bluephase G2 curing unit. Whereas, continuous mode showed statistically significantly higher mean gap values
(10.1 = 2.4) than pulse-delay mode (5.0 = 1.9). However, these values significantly increased following load
cycling. Conclusions: Under the conditions of this study, Bluephase G2provided better interfacial sealing. The
pulse-delay mode of curing improved the adhesive sealing ability. Meanwhile, the load cycling deteriorated the
interfacial sealing of the tested material.
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1. Introduction: appropriate amount of light required to provide
Throughout the recent decades, the increasing efficient polymerization of resin composites, with
demands for aesthetic dentistry resulted in a consequent enhancement of their physical-mechanical
continuous and rapid improvement in the adhesives properties’.
and resin composites. However, the quality and the The use of light-emitting diode (LED)curing
durability of the bonding interface constitute an urgent units to polymerize resin composites was offered by
problem in resin composite restorations” >. In an Mills in 1995 to replace the Halogen light curing
attempt to simplify the clinical application procedures units®. LEDs claimed to possess the following
and reduce the technique sensitivity of adhesive advantages over the frequently used halogen light
systems, the one bottle or 2-step etch and rinse curing units, do not need a filter to produce blue light,
adhesives appeared on the market as an alternative to generate high light intensity, produce little heat,
the 3-step etch and rinse adhesives’™. However, consume little energy and shorten treatment time™ °.
although the two-step total-etch technique can achieve Moreover, they produce light with a wavelength close
high bond strength, the problems of high technical to the absorption peak of camphorquinone'’.
sensitivity and uncontrollable interface moisture Nevertheless, despite of the improvement in the resin
remain and challenge the restorations’ sealing ability monomer conversion with the use of high light
and durability”’. intensity, the shrinkage stresses of the resin matrix are
Since the introduction of the light cured resin increased because of the shortening of the time
composites, the quality and depth of their required to reach the gel point of the composite
polymerization represented one of the major resin'', with consequent reduction in the adhesion
concerns’. It is well known that, adequate properties.
polymerization depends mainly on the intensity of the Therefore, different radiant exposure times and
light source, the wavelength emitted and the exposure protocols were proposed in an attempt to minimize the
time” ®. Therefore, there was a rapid turnover in the effects of polymerization shrinkage' '*. They include
light curing units to enable production of the soft-start light curing mode in which the resin
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composite is exposed to initial low light intensity,
followed by a high light intensity to complete
conversion of the resin monomer'*. Also, pulse-delay
curing mode, in which there is a short period between
the initial exposure and the final high-energy cure'.
This can make the resin flow sufficiently to
compensate for the volume shrinkage generated by the
polymerization reaction'®. Accordingly, light intensity
and light curing modes affect the polymerization
reaction and the degree of curing4. However, to date,
no technique has been completely effective in
counteracting the effects of polymerization shrinkage
which  subsequently influencing the bonding
performance leading to replacement of resin
composite restorations'”.

In clinical situations, teeth are unavoidably
subjected to mechanical stresses during mastication
and parafunctional habits'’. These stresses may
negatively affect the resin dentin bond as they have
been reported to induce micro cracks which
subsequently endanger the long-term survival rate of
the bonding resulting in dislodgement of the
restorations'® '®?°. Moreover, several studies have
shown that, the degradation of dentin bonding
interface could be accelerated by the masticatory
loadings®'™*. Therefore, the integrity of the adaptation
and sealing efficiency of resin composite restorations
is adversely affected by cyclic loading, in terms of gap
formation and leakage™”.

The present study was undertaken to evaluate the
effect of the light curing units, the curing modes and
load cycling on the sealing ability of resin composite
restorations, in terms of gap formation. The null
hypotheses of this research are that, (1) the sealing
efficiency is not affected by the curing units, (2) the
sealing efficiency is not affected by the use of
different curing modes, and (3) load cycling adversely
affect the sealing efficiency.

2. Materials and Methods:
I. Preparation of the specimens:

Total of eighty sound human premolars of
almost same size were collected after the patients’
informed consent was obtained under a protocol
reviewed and approved by the Ethical Research
Committee, School of Dentistry, King Abdulaziz
University, Saudi Arabia. Extracted teeth were
thoroughly cleaned using brushes and curettes under
running water and were stored in 1% chloramine
solution at room temperature for one month until
use”. A standardized wedge—shaped class V cavity
was prepared at the cement-enamel junction (CEJ) on
the buccal surfaces of each tooth with the occlusal
margin in enamel and the gingival margin in
dentin/cementum.
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The prepared cavities were Smm
occlusogingivally, 3mm mesiodistally and 2.5mm in
depth with diverging walls and butt joint margins®.
The outline of the cavities was standardized using a
stainless steel matrix band into which a window
representing the selected length and width was cut
into its middle. The preparation and restoration of
Class V lesions is minimal and relatively easy,
thereby reducing practitioner variability’’. The
cavities were cut with a carbide tapered fissure bur
(No.170L) at high speed with water coolant. The bur
was replaced every five preparations™.

I1. Application of the restorative material:

Kerr adhesive (OptiBond Solo Plus) and resin
composite (HERCULITE) were used in this study
(Table 1). The bonding system was applied according
to manufacturer’s instructions and the cavities were
restored with the corresponding resin composite. The
treated cavities were filled using the oblique
incremental technique. Each increment of resin
composite was cured using the assigned curing mode
and light curing unit. The intensity of the light curing
unit was measured after each 10 specimens by a
radiometer (Optilux, Demetron/Kerr, Orange, CA,
USA) to ensure a constant value of 600 mW/cm2.
Afterwards, the specimens were finished and polished
with abrasive disks (Sof-Lex Pop-on, 3M-ESPE).

III. Grouping of the specimens:

The eighty teeth were randomly divided into 4
groups according to the curing units and modes
(n=20),

1) Cured with Elipar S10 unit (3M/ESPE) for
20seconds continuous curing,

2) Cured with Bluephase G2 unit (Ivoclar
Vivadent) for 20seconds continuous curing,

3) Cured with Elipar S10 unit (3M/ESPE) for
Sseconds then 10seconds rest followed by 20 seconds
continuous curing, and

4) Cured with Bluephase G2 unit (Ivoclar
Vivadent) for Sseconds then 10seconds rest followed
by 20 seconds continuous curing.

Each group was further divided into 2 subgroups
(n=10):

Subgroup A; No load cycling was applied, and

Subgroup B; was subjected to occlusal load
cycling (90 N) for 10000 cycles.

IV: Mounting of teeth in acrylic molds:

A specially fabricated split cylindrical Teflon
mould of 20 mm height and 15 mm internal diameter
was used for the formation of the acrylic resin molds.
The root and the restoration of each tooth were
covered using an aluminum foil in order to remove the
teeth easily from the molds to be examined for gap
formation. Each tooth was then mounted into the
mold, with its long axis perpendicular to the acrylic
resin base.
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V: Load cycling:

Load cycling was done using Lloyd LRX Plus II
universal testing machine (Ametek, Inc., Berwyn, PA,
USA). Each specimen was firmly held to the lower jig
of the machine by two side screws to avoid any
possible slippage and was subjected to occlusal load
cycling of 90N for 10000 cycles, in the form of a sine
wave at a rate of 1 Hz. The used rate was equal to the
average cycles of mastication of 0.8—1.0 seconds. A
specially designed stainless-steel loading tip (5 mm in
diameter) was used to apply the force on the middle of
the occlusal surface parallel to the long axis of each
tooth for standardization.

IV. Gap measurements:

Each tooth was sectioned longitudinally in a

buccolingual direction through the center of the

restoration using a low speed diamond saw(Buehler-
Isomat, Lake Bulff, IL, USA) under water coolant.
The sectioned teeth were polished using three
descending orders of the sof-lex discs and then
cleaned ultrasonically. Gap formation along both
occlusal and gingival interfaces was examined using
Quanta Environmental Scanning Electron Microscope
(200, FEI, Netherland). Each gap present along the
occlusal and gingival walls (Figs. 1, 2) was divided
into several points, the width of each point (the
distance between the tooth wall and the restoration)
was measured in pm, and then the mean of the widths
of the measured gap was calculated by Quanta image
processing software.

Table (1): Compositions and manufacturer of the testedmaterials.

Material Principal components Manufacturer
OptiBond Solo Plus Gel etchant: Kerr Corporation,
(Single Component Total- 37.5% Phosphoric Acid Ge Orange, CA, USA
Etch Adhesive) The resin matrix:

Ethanol, 2-hydroxyethyl methacrylate, 2-hydroxy-1, 3-propanediyl

bismethacrylate.

The filler:

0.4 um barium glass, alkali fluorosilicate (Na).
Herculite Ultra The resin matrix: Kerr Corporation,
(nanohybrid Composite  [7,7,9-trimethyl-4, 13-dioxo-3, 14-dioxo-5, 12-diazahexadecane-1, |Orange, CA, USA
restorative) 16-diyl bismethacrylate, 2,2-bis(acryloyloxymethyl) butyl acrylate,

3-trimethoxysilylpropyl methacrylate

The filler:

Prepolymerized filler, barium glass of 0.4 um and 20-50 pm

manoparticles of silica nanofiller.
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(A) (without load cycling).

Fig (2):
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(B) (with load cycling).
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V. Statistical analysis

Data were presented as mean and standard
deviation (SD) wvalues. Data were explored for
normality by checking data distribution, histograms,
calculating mean and median values and finally using
Kolmogorov-Smirnov and Shapiro-Wilk tests of
normality. Gap measurements data showed parametric
distribution; so three-way Analysis of Variance
(ANOVA) was used in testing significance for the
effect of curing unit, curing mode, load cycling and
their interactions on mean gap measurements.
Bonferroni’s post-hoc test was used for pair-wise
comparison between the groups when ANOVA test is
significant. The significance level was set at P < 0.05.
Statistical analysis was performed with IBM

(Corporation, NY, USA) SPSS (Inc., an IBM
Company) Statistics Version 20 for Windows.

3. Results:
Three-way ANOVA results:

Three-way ANOVA resultsfor the effect of
different variables on the mean gap width values
presented in table (2) and showed that curing unit,
curing mode and load cycling had a statistically
significant effect on mean gap values (P < 0.05).
Since the interaction between the three variables had
no statistically significant effect on mean gap width
values, so the variables (curing unit, curing mode and
load cycling) are independent i.e. the effect of each
variable is independent from the other variables. So
we compared the main effects only.

Table (2): Three-way ANOVA results for the effect of different variables on mean gap values

Source of variation Type III Sum of Squares df Mean Square F-value P-value
Curing unit 19.8 1 19.8 37.6 <0.001*
Curing mode 261.5 1 261.5 498.2 <0.001*
Load cycling 139.8 1 139.8 266.4 <0.001*
Curing unit x Curing mode x | , ¢ 1 |06 12 0.281
Load cycling interaction

df: degrees of freedom = (n-1), *: Significant at P <0.05

Effect of curing unit

The descriptive statistics and results of
comparison between gap width values of the used
curing units regardless of curing mode or load cycling
were presented in table (3). The results showed that,
Elipar S10 curing unit had statistically significantly
higher mean gap width values than BluephaseG2
curing unit.

Table (3): Descriptive statistics and results of
comparison between mean gap width values of the
two curing units regardless of other variables

Elipar S10 Bluephase G2 Poval
Mean + SD Mean + SD -value
8.2+33 6.8+3.3 <0.001*

*: Significant at P <0.05
Effect of curing mode
Table (4): Descriptive statistics and results of

comparison between mean gap width values of the
two curing modes regardless of other variables

Continuous mode | Pulse-delay mode Pvalue
Mean + SD Mean + SD

10.1+£2.4 50+£1.9 <0.001*
*: Significant at P <0.05
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Table (4) showed that, regardless of curing unit
or load cycling; the specimens that were cured using
continuous mode showed statistically significantly
higher mean gap width values than the specimens that
were cured using the pulse-delay mode.

Effect of load cycling

Table (5) showed that, regardless of curing unit
or mode; the specimens that were subjected to load
cycling showed statistically significantly higher mean
gap width values than the specimens that were not
subjected load cycling.

Table (5): Descriptive statistics and results of
comparison between mean gap width values with and
without load cycling regardless of other variables

Load Without load Poval
Mean + SD Mean + SD -value
94+3.0 57+£2.6 <0.001*

*: Significant at P <0.05

The mean and the standard deviation values
(error bars) of gap width values in the different groups
of this study are presented by Bar chart in figure (3).
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Figure (3): Bar chart representing mean and standard deviation values (error bars) of gap width values in the

different groups

4. Discussion:

Bonding of the resin composite to the tooth
substrates creates shrinkage stress on the bonding
interfaces. If this stress exceeds the bond strength
between the dental substrate and the adhesive, a
contraction gap will be formed®. The breakdown of
interfacial sealing presents a challenge to the
longevity of restoration®. For this, bond efficiency
has dominated most present researches in both resin-
enamel and resin-dentin bonding. The bonds formed
at enamel/adhesive interface are considered reliable
and durable’’, meanwhile, bonding to dentin and
cementum does not match the sealing ability and the
durability of their neighboring hard tissue mainly
because of heterogeneity of the structure and
composition of dentin and cementum®'>*,

Therefore, in the present study, in order to
evaluate the interfacial sealing of the restoration as a
whole, we examined the presence of gaps along the
whole tooth/restoration interface through enamel,
dentin and cementum substrates. Moreover, in our
research we prepared wedge-shaped Class V cavities
which resembles Class V of non-carious cervical
lesions to evaluate the clinical effectiveness of the
tested adhesive’, since, this approach provides direct
evidence for the ability of the adhesive to effectively
bond, because these restorations fail by loss of
retention™.

The results of this study made it necessary to
reject the first null hypothesis, since, Elipar S10
curing unit had statistically significantly higher mean
gap width values than Bluephase G2 curing unit
regardless of curing mode or load cycling. This could
be explained by the fact that, Bluephase utilizes
polywave technology which features a second spectral
peak at approximately 410 nm in addition to the peak
at approximately 470 nm. The polywave Bluephase
Style covers a wavelength spectrum of between 385
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and 515 nm’®. Thus, producing higher polymerization
than Elipar S10 which utilizes single peak. Moreover,
monowave LED units are well known to suffer from
light dispersion®”.

The results of this study were in agreement with
Price et al, who compared the ability of four LED
curing units to polymerize five resin composites and
concluded that, the Bluephase G2 light delivered the
broadest spectral range of wavelengths, greatest
irradiance and energy density as it produced harder,
better-cured resins compared to the other three
lights™®.

On the other hand, the results of this study were
in contradiction with Bortolotto et al., who concluded
that, monowave LED provided the highest
percentages of continuous margin in Class V
restorations, meanwhile, light-curing the adhesive
system and restorative composite with a multiwave
LED adversely affected marginal adaptation in
enamel®®. Furthermore, Aguiar ef al., found that there
was no statistically significant difference in the degree
of conversion of the tested resin composite among the
LED groups, considering all irradiance values'*.

Efficient polymerization is an essential factor for
obtaining optimum interfacial sealing with subsequent
successful clinical performance of any resin
composite restoration®” *’. Incomplete polymerization
leads to several negative consequences including
decreased bond strength, micro-phase separation and
nanoleakage, which were considered the key factors
affecting the longevity of restorations® ™. It is well
known that, light intensity is directly related to the
monomer-polymer ~conversion rate**. Therefore,
several polymerization modes are suggested for curing
of resin composites, including different radiant
exposure times and protocols'”. In the present study,
two different curing modes had been used, pulse-delay
mode and the continuous mode. The resin composite
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either cured for 20 seconds continuously (continuous
mode) or cured for Sseconds then 10 seconds rest
followed by 20 seconds curing (pulse-delay mode).

In the present work, the second null hypothesis
was rejected since, continuous curing mode showed
significantly higher mean gap width values than the
pulse-delay curing mode. This could be attributed to
that, the initial short light-curingperiod (5 seconds)
could provide time for the resin to relief from the
stresses  created upon initial  polymerization.
Meanwhile, continuous curing results in a very short
gelatinization state, producing a very rapid
transformation of the resin matrix from a viscous-
plastic into a rigid-elastic phase with consequent
higher  polymerization ~ stresses*” Another
explanation of our finding was that, the total light-
curing period in the pulse-delay mode was 25 seconds
whereas in the continuous mode it was only 20
seconds, which means that pulse-delay provide more
full potential polymerization'”.

This result was in agreement with da Silva et al.,
they reported that, polymerization modes with high
initial irradiance values might improving the degree of
conversion. They attributed that, to the increase in the
exothermic heat which consequently provide an
increase in the mobility of the polymer chains®’.
However, this result was in contradiction with Fahmy
et al., they reported that, the pulse mode and fast
mode have similar performance®.

One of the good points of this study was
evaluating the effect of simulated clinical conditions
on the sealing efficiency of resin composite
restorations. Intraoral restorations are constantly
subjected to about 1 million (1000 K) mechanical
strokes per year of the opposite tooth which might
negatively affect the interfacial bonds at the
tooth/restoration interface, resulting in their failure®.
Therefore, this study was designed to compare the
widths of the formed gaps along the tooth/restoration
interface of class V restorations immediately after
placement and after load cycling in order to clarify the
possible failure mechanism preceding loss of the
restorations. It was stated that, the chewing and
swallowing force is between 70 and 150 N°**'. In our
study, the specimens were subjected to 90 N occlusal
load cycling for 10000 cycles.

An interesting outcome of the present study was
that, there was a significant difference in the gap
measurements between the loaded and the non-loaded
specimens, independently of the utilized curing unit
and curing mode. Thus, the third null hypothesis was
accepted. This could be attributed to the microstrain
of restorations®®. This microstrain might be due to the
presence of tensile stresses on that side’”. Thus, these
stresses generated by load cycling along the
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tooth/restoration interface could increase the width of
existent gaps or develop other new gaps™™>.

This result was in agreement with Aggarwal et
al., who concluded that, cyclic loading affected the
marginal adaptation of direct composite restorations'’.
On the other hand, this result was in contradiction
with Li et al., Mitsui et al.,, and Bedran-de-Castro et
al., they found that, load cycling did not affect the
microleakage or the nanoleakage pattern®>® .
Moreover, Arisu et al, found that, 100 N occlusal
loading did not change dye penetration®®. This could
be attributed to that, they used different load values
and different number of cycles. Also, the effect of the
occlusal loading in adhesive restorations may be
transient, as it took place only at the moment of load
application then the cusps would recover their initial
configuration, resulting in marginal sealing that do not
differ from those of the unloaded teeth™.

Conclusions:

Under the conditions of this study:

Regardless of the used curing unit and load
cycling, Blue phase G2provided better interfacial
sealing. Moreover, the delayed-pulse mode of curing
improved the adhesive sealing ability. Meanwhile, the
load cycling deteriorated the interfacial sealing of the
tested material.

References:

1.  Guimardes LA, Almeida JCF, Wang L, D’ Alpino PHP
and Garcia FCP: Effectiveness of immediate bonding
of etch-and-rinse adhesives to simplified ethanol-
saturated dentin. Braz Oral Res. 2012; 26(2):177-182.

2. Li F, Liu XY, Zhang L, Kang JJ and Chen JH:
Ethanol-wet bonding technique may enhance the
bonding performance of contemporary etch-and-rinse
dental adhesives. J] Adhes Dent. 2012; 14(2):113-120.

3. Van Meerbeek B, Munck JD, Yoshida Y, Inoue S,
Vargas M and Vijay P: Buonocore memorial lecture:
Adhesion to enamel and dentin: current status and
future challenges. Oper Dent. 2003; 28(3): 215-235.

4. Van Landuyt KL, Peumans M, Munck JD,
Lambrechts P and Meerbeek BV: Extension of a one-
step self-etch adhesive into a multi-step adhesive.
Dent Mater. 2006; 22(6): 533-544.

5. Li M, Wang J, Liu H, Wang X, Gan K, Liu X, Niu D
and Song X: Effects of light curing modes and
ethanol-wet bonding on dentin bonding properties. J
Zhejiang Univ-Sci B (Biomed & Biotechnol). 2016;
17(9): 703-711.

6. Rode KM, Kawano Y and Turbino ML: Evaluation of
curing light distance on resin  composite
microhardness and polymerization. Oper Dent. 2007;
32(6): 571-578.

7. Leonard DL, Charlton DG, Roberts HR, Hilton TJ and
Zionic A: Determination of the minimum irradiance
required for adequate polymerization of a hybrid and a
microfill composite. Oper Dent. 2001; 26(2): 176-180.



Journal of American Science 2017;13(1)

http://www.jofamericanscience.org

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Leloup G, Holvoet PE, Bebelman S and Devaux J:
Raman scattering determination of the depth of cure
light-activated composites: Influence of different
clinically relevant parameters. J Oral Rehab. 2002;
29(6): 510-515.

Hammesfahr PD, O’Connor MT and Wang X: Light-
curing technology: Past, present and future. Comp
Cont Educ Dent. 2002; 23(9-1): 18-24.

Dun WJ and Bush AC: A comparison of
polymerization by light-emitting diode and halogen-
based light-curing units. J Am Dent Ass. 2002;
133(3): 335-341.

Suh BI, Feng L, Wang Y, Cripe C, Cincione F and de
Rjik W: The effect of the pulse-delay cure technique
on residual strain in composites. Comp Cont Educ
Dent. 1999;20(2):4-12.

Aguiar FHB, Georgetto MH, Soares GP, Catelan A,
Santos PHD, Ambrosano GMB, Figueroba SR and
Lovadino JR: Effect of different light-curing modes on
degree of conversion, staining susceptibility and
stain’s retention using different beverages in a
nanofilled composite resin. J Esthet Restor Dent.
2011; 23:106-115.

Aggarwal V, Logani A, Jain V and Shah N: Effect of
cyclic loading on marginal adaptation and bond
strength in direct vs. indirect class Il MO composite
restorations. Oper Dent. 2008; 33: 587-592.

Hardan LS, Amm EW, Ghayad A, Ghosn C and
Khraisat A: Effect of different modes of light curing
and resin composites on microleakage of Class II
restorations—Part II. Odontostomatol. Trop. 2009;
32(126): 29-37.

Ajaj RA, Yousef MK and Abo El Naga A: Effect of
different curing modes on the degree of conversion
and the microhardness of different composite
restorations. Dent Hypotheses. 2015; 6(3): 109-116.
Malhotra N and Kundabala, M: Light-curing
considerations for resin-based composite materials: a
review. Part I. Compend. Contin. Educ. Dent. 2010;
31(7):498-505.

Sonarkar S and Purba R: Bioactive materials in
conservative dentistry. Int J Contemp Dent Med Rev.
2015; Article ID: 340115. doi: 10.15713/ins.
ijedmr.47.

Van Meerbeek B, Bream M, Albrech’s P and Vanherle
G: Evaluation of two dentin adhesives in cervical
lesions. J Prosthet Dent. 1993; 70(4):308-314.

Sano H, Yoshikawa T, Pereira PN, Kanemura N,
Morigamui M, Tagami J and Pashley DH: Long-term
durability of dentin bonds made with a self-etching
primer, in vivo. J Dent Res. 1999; 78(4):906-911.
Cavalcanti AN, Mitsui FH, Silva F, Peris AR, Bedran-
Russo A and Marchi GM: Effect of cyclic loading on
the bond strength of class II restorations with different
composite materials. Oper Dent. 2008; 33: 163-168.
Daneshkazemi AR, Davari AR, Ataei E, Dastjerdi F
and Hajighasemi E: Effects of mechanical and thermal
load cycling on micro tensile bond strength of clearfil
SE bond to superficial dentin. Dent Res J (Isfahan).
2013; 10(2):202-209.

Shahabi S, Ebrahimpour L and Walsh LIJ:
Microleakage of composite resin restorations in

129

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

cervical cavities prepared by Er, Cr: YSGG laser
radiation. Aust Dent J. 2008; 53(2):172-175.
Bedran-de-Castro AK, Pereira PN, Pimenta LA and
Thompson JY: Effect of thermal and mechanical load
cycling on microtensile bond strength of a total-etch
adhesive system. Oper Dent. 2004; 29(2):150-156.
Miranda WC Jr, Numes MF, Caroso PEC and Santos
JFF: Microleakage of condensable composite resins
combined with flowable composite. J Dent Res.1999
(special issue); Abstract 1603: 306.

Anja B, Walter DT, Nicoletta C, Marco F, RibariT SP
and Ivana MT: Influence of air abrasion and sonic
technique on microtensile bond strength of one-step
self-etch adhesive on human dentin. Sci World J.
2015; 1-6.

Jang KT, Chung DH, Shin D and Garcia-Godoy F:
Effect of eccentric load cycling on microleakage of
Class V flowable and packable composite resin
restorations. Oper Dent.2001; 26:603-608.

Van Meerbeek B, Peumans M, Poitevin A, Mine A,
Van Ende A, Neves A and De Munck J: Relationship
between bond-strength tests and clinical Outcomes
(Review). Dent Mater. 2010; 26(2): ¢100-121.
Lucena-Martin C, Gonzalez-Rodriguez MP, Ferrer-
Luque CM, Robles-Gijon and Navajas JM: Influence
of time and thermocycling on marginal sealing of
several dentin adhesive systems. Oper Dent. 2001; 26:
550-555.

Rodrigues SA Jr, Pin LF, Machado G, Della Bona A
and Demarco FF: Influence of different restorative
techniques on the marginal seal of class I composite
restorations. J Appl Oral Sci. 2010; 18: 37-43.
Carvalho RM, Amanso AP, Geraldeli S, Tay FR and
Pashley DH: Durability of bonds and clinical success
of adhesive restorations. Dent Mater. 2012; 28: 72-86.
Cardoso MV, de Almeida Neves A, Mine A, Coutinho
E, Van Landuyt K, De Munck J, et al. Current aspects
on bonding effectiveness and stability in adhesive
dentistry. Aust Dent J. 2011;56(Suppl. 1):31-44.
Pashley DH, Tay FR, Breschi L, Tjaderhane L,
Carvalho RM, Carrilho M and Tezvergil-Mutluay A:
State of the art etch-and-rinse adhesives. Dent Mater.
2011;27:1-16.

Perdigao J: Dentin bonding-variables related to the
clinical situation and the substrate treatment. Dent
Mater. 2010;26: €24-37.

Spencer P, Ye Q, Park J, Topp EM, Misra A,
Marangos O, Wang Y, Bohaty BS, Singh V, Sene F,
Eslick J, Camarda K and Katz JL: Adhesive/dentin
interface: the weak link in the composite restoration.
Ann Biomed Eng. 2010;38:1989-2003.

Peumans M, Kanumilli P, De Munck J, Van Landuyt
K, Lambrechts P and Van Meerbeek B: Clinical
effectiveness of contemporary adhesives: a systematic
review of current clinical trials. Dent Mater. 2005; 21:
864-881.

Price RTB, Fahey J and Felix CM: Knoop hardness of
five composites cured with single-peak and polywave
LED curing lights. Quintessence Int. 2010; 41: e181-
el9l.

Vandewalle KS, Roberts HW, Andrus JL and Dunn
WI: Effect of light dispersion on LED curing lights on



Journal of American Science 2017;13(1)

http://www.jofamericanscience.org

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

resin composite polymerization. J EsthetRestor Dent.
2005; 17: 244-254.

Bortolotto T, Betancourt Fand Krejci I: Marginal
integrity of resin composite restorations restored with
PPD initiatorcontaining resin composite cured by
QTH, monowave and polywave LED units. Dent
Mater J. 2016; 35(6):869-875.

Knezevic” A, Tarle Z, Meniga A, Sutalo J, Pichler G
and Risti¢ M: Degree of conversion and
temperaturerise during polymerization of composite
resin samples with blue diodes. J Oral Rehabil.
2001;28: 586-591.

Moore BK, Platt JA, Borges G, Chu T-M G and
Katsilieri I: Depth of cure of dental resin composites
ISO 4049 depth and microhardness of types of
materials and shades. Oper Dent. 2008; 33: 408-412.
Mehl A, Hickel R and Kunzelmann KH: Physical
properties and gap formation of light-cured
composites with and without soft-start polymerization.
J Dent. 1997; 25: 321-330.

Opdam NJ, Roeters FJ, Feilzer AJ and Verdonschot
EH: Marginal integrity and postoperative sensitivity in
class 2 resin composite restorations in vivo. J Dent.
1998; 26: 555-562.

Cunha LG, Alonso RCB, Pfeifer CSC, Correr-
Sobrinho L, Ferracane JL and Sinhoreti MAC:
Modulated photoactivation methods: influence on
contraction stress, degree of conversion and push-out
bond strength of composite restoratives. J Dent.2007,
35(4):318-324.

Santos PAD, Garcia PPNS, de Oliveira ALBM,
Chinelatti MA and Palma-Dibb ARG: Chemical and
Morphological Features of Dental Composite Resin:
Influence of Light Curing Units and Immersion
Media. Microsc. Res Tech. 2010; 73: 176-181.

Lee SY and Greener EH: Effect of excitation energy
on dentine bond strength and composite properties. J
Dent. 1994;22:175-181.

Tarle Z, Meniga A, Knezevic A, Sutalo J, Ristic M
and Pichler G: Composite conversion and temperature
rise using a conventional, plasma arc, and an
experimental blue LED curing unit. J Oral Rehabil.
2002; 29: 662-667.

da Silva EM, Poskus LT and Guimarées JG: Influence
of light-polymerization modes on the degree of
conversion and mechanical properties of resin
composites: a comparative analysis between a hybrid

1/23/2017

130

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

and a nanofilled composite. Oper Dent. 2008;33: 287-
293.

Fahmy N, Naguib H and Guindy JE: Effect of
lightemitting diode (LED) curing modes on
resin/dentin bond strength. J Prosthodont. 2009;
18(8):670-675.

Daneshkazemi A, Davari A, Akbari MJ, Davoudi A
and Badrian H: Effects of thermal and mechanical
load cycling on the dentin microtensile bond strength
of Single Bond-2. J Int Oral Health 2015; 7(8):9-13.
Anderson DJ: Measurement of stress in mastication. [
J Dent Res. 1956;35(5):664-670.

Gonzalez-Lopez S, De Haro-Gasquet F, Vilchez-Diaz
MA, Ceballos L and Bravo M: Effect of restorative
procedures and occlusal loading on cuspal deflection.
Oper Dent. 2006; 31(1):33-38.

Li H, Burrow MF and Tyas MJ: The effect of load
cycling on the nanoleakage of dentin bonding systems.
Dent Mater. 2002; 18: 111-119.

Wang Y, Liao Z, Liu D, Liu Z, McIntyre GT, Jian F,
Lv W, Yang J, Zhao Z and Lai W: 3D-FEAof stress
levels and distributions for different bases under a
Class 1 composite restoration. Am J Dent. 2011;
24(1):3-7.

Casselli DSM, Faria-E-Silva AL, Casselli H and
Martins LRM: Marginal adaptation of class V
composite restorations submitted to thermal and
mechanical cycling. J Appl Oral Sci. 2013; 21(1):68-
73.

Borges AF, Santos JS, Ramos CM, Ishikiriama SK
and Shinohara MS: Effect of thermo-mechanical load
cycling on silorane-based composite restorations. Dent
Mater J. 2012; 31:1054-1059.

Mitsui FHO, Bedran-de-Castro AKB, Ritter AV,
Cardoso PEC and Pimenta LAF: Influence of load
cycling on marginal microleakage with two self-
etching and two one-bottle dentin adhesive systems in
dentin. J Adhes Dent. 2003; 3:209-216.
Bedran-De-Castro AKB, Pereira PNR, Pimenta LAF
and Thompson JY: Effect of thermal and mechanical
load cycling on nanoleakage of Class II restorations. J
Adhes Dent 2004; 3: 221-226.

Arisu HD, Ugtasli MB, Eligiizeloglu E, Ozcan S and
Omiirli H: The effect of occlusal loading on the
microleakage of class V restorations. Oper Dent.
2008; 33(2):135-141.



