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The effect of LED curing mode on microleakage of Class V cavity
restored by silorane-based composite
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Abstract

Objective. This in vitro study evaluated the effect of soft-start curing mode by LED unit on the marginal microleakage of
silorane composite restoration. Materials and methods. Class V cavities were prepared on the buccal surfaces of 80 extracted
molars at the cementoenamel junction and randomly divided into eight groups. In groups 1-4, four adhesive/composite
combinations (silorane/silorane, silorane/Z250, Adper Single Bond/Z250, Clearfil SE Bond/Clearfil AP-X) were applied and
the composites were cured under standard mode at 1500 mW/cm? for 20 s. In the other four groups, after applying the same
adhesive/composite combinations, the composites were cured at 550 mW/cm? for 10 s followed at 1500 mW/cm? for 15 s. After
24 h of water storage and thermocycling, the specimens were placed in 1% methylene blue solution. The dye penetration was
assessed under a stereomicroscope. The data were analysed using non-parametric tests. Results. There were no significant
differences among four groups for two curing modes at the occlusal and gingival margins (p > 0.05). The soft-start curing had
a positive effect on the gingival marginal sealing of group 1 (p < 0.05), but not for the other three groups (p > 0.05).
Conclusion. The beneficial effect of relatively high soft-start curing on marginal sealing of Class V restoration depends on a
combination of the adhesive and composite types, having a positive effect on silorane adhesive/silorane-based composite at the

gingival margin.
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Introduction

Despite increasing advances in adhesive resin systems,
polymerization shrinkage of resin composites has
remained a major problem to achieve a durable
successful resin restoration. During free radical poly-
merization, conversion of the monomers to packed
polymer network is responsible for the shrinkage
[1,2]. The resultant shrinkage stress can lead to
deleterious effects on early developing of bonding
interface, tooth structure and restoration [3]. Micro-
leakage, post-operative sensitivity and recurrent caries
can be the clinical problems following failure at the
adhesive interface [4,5].

Based on the destructive impacts of polymerization
stress on clinical performance of composite restorations,
considerable attempts have been made to minimize
the stress. To achieve this purpose, composite place-
ment in layering techniques [6], use of a low-modulus
resin layer [7] and soft-start curing have been proposed

[4,5,8,9]. Recently, a novel resin composite has been
introduced as a low shrinkage resin containing siloxane
and oxirane functional moieties; in which cationic ring
opening polymerization led to volumetric expansion.
This mechanism accounts, to some extent, for compen-
sating the shrinkage created by monomer packing/
bonding [10,11].

Regarding the ongoing development of LED
technology, this light-emitting diode curing unit has
been widely employed in dental practice due to its
advantages such as small, wireless design with stable
power and spectra, higher curing efficiency and more
life time with minimal heat generation compared to
a halogen light curing one [12,13]. High intensity
LED is capable of decreasing the time of curing,
increasing the degree of conversion and depth of
cure, particularly in deep cavities where the distance
between the light curing tip and the most gingival
layer of composite is unavoidable. However, a high
intensity can also produce a higher polymerization
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Table I. Adhesive systems used in this study.

Adhesive system

Composition/batch #

Application mode

Silorane adhesive system
(3M ESPE, St Paul, MN)

Adper Single Bond
(3M ESPE, St Paul, MN)

Clearfil SE Bond (Kuraray,
Okayama, Japan)

Primer: phosphorylated methacrylates, vitrebond
copolymer, Bis-GMA, HEMA, water, ethanol,
silica filler, initiator, stabilizers/N213019

Bond: hydrophobic methacrylats,
phosphorylated methacrylates, TEGDMA, silica
filler, initiator, stabilizers/N213052

Bis-GMA, HEMA, dimethacrylates,
polyalkenoic acid copolymer, initiators, water
and ethanol/N227596

Primer: MDP, HEMA, Hydrophilic
dimethacrylate, dl Camphorquinone, N, N
diethanol-p-toluidine, water/00977A

Bond: MDP, Bis-GMA, HEMA, hidrophylic
dimethacrylate, dl camphorquinone, N, N
diethanol-p-toluidine, silanated colloidal silica/

Apply primer for 15 s with gentle agitation, gently
air thin. Light cure for 10 s. Apply Bond to the
entire preparation, gently air thin. Light cure for
10 s.

Apply two consecutive coats of the adhesive for
15 s with gentle agitation, gently air thin for 5 s.
Light cure for 10 s.

Apply primer on the cavity walls, leave it for 20 s,
then gently air blow it. Apply Bond to the entire
surface of the cavity wall and uniform it with a

gentle air stream. Light cure for 10 s.

01453A

stress at the adhesive interface [4,5]. Hence, the
concept of soft-start polymerization is still valid for
less deep cavities (2 mm) with modern high power
LED units [14]. Initial curing at a low intensity and
following curing by a final high power can provide
more time for the composite to flow. The slow stiff-
ness development in the curing composite results in
a lowered polymerization stress compared to conti-
nuous standard mode of curing [1,9,15,16]. This
effect may enhance the marginal integrity of com-
posite restorations [4,5,8,9,17-21]. With respect to
reduction volume shrinkage to below 1% in silorane
composite compared with 1.7-3.5% in methacry-
late one [11,22], it seems that the low shrinkage
composite is less sensitive to curing mode with high
power LED. On the other hand, a direct relationship
between contraction stress and microleakage was
found in Class V cavities [23,24]. Therefore, the
effect of stepped soft-start curing in comparison
with a standard high power one by LED on the
marginal sealing of silorane and methacrylate com-
posite restorations is an important clinical issue in
shallow cavities such as Class V cavity. This effect was
evaluated in the current study by a microleakage test
with silorane and methacrylate composites associated
with their respective adhesives, two-step self-etch and
etch-and-rinse systems.

Materials and methods

Eighty extracted human molars without caries or
restorations were collected and cleaned for this
1 vitro study. The teeth were stored in a 0.1% thymol
solution no longer than 1 month after extraction. Box-
shaped Class V cavities (5 mm wide, 3 mm high,
2 mm deep) with the gingival margin 1 mm below the
cementoenamel junction were prepared on the facial
surface of each tooth using fissure diamond burs
(Teezkavan, Tehran, Iran) in an air/water cooled

high speed turbine. The occlusal margins were
located in the enamel and the gingival margins
were located in the dentin. Each bur was exchanged
following the preparation of the 10 cavities.

The prepared teeth were randomly divided into
four groups of 20 teeth each according to the adhe-
sive/composite combination used. Each group was
further divided into two sub-groups according to
the curing mode (z = 10).

e Group 1 (silorane/silorane): Silorane adhesive
system, self-etch adhesive (3M ESPE, St Paul,
MN, USA) was applied on the cavity walls con-
taining the enamel and dentin surfaces according
to the manufacturers’ instruction (Table I). The
silorane composite (Filtek P90, 3M) was then
inserted in the cavity in two increments.

e Group 2 (silorane/Z250): The silorane adhesive
system (3M) was applied on the cavity walls con-
taining the enamel and dentin surfaces according
to the manufacturers’ instruction (Table I). The
cavity was filled using the composite Z250 (3M) in
two increments.

e Group 3 (Adper Single Bond/Z250): The cavity
surfaces were etched with 32% phosphoric acid gel
(3M) and rinsed for 20 s and gently blown to
remove the excess water. The Adper Single
Bond adhesive system (3M) was applied on the
cavity surfaces according to the manufacturers’
instruction. Filling the cavity was done using
7250 in two increments.

o Group 4 (Clearfil SE Bond/Clearfil AP-X): The
Clearfil SE Bond, self-etch adhesive system
(Kuraray, Japan) was applied on the cavity
walls containing the enamel and dentin surfaces
according to the manufacturers’ instruction
(Table I). The Clearfil AP-X composite (Kuraray,
Tokyo, Japan) was placed in the cavity in two
increments.
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Table II. Microleakage scores obtained from standard curing mode.

Occlusal margins

Gingival margins

Group Adhesive/Composite 0 1 2 3 4 0 1 2 3 4
1 Silorane/Silorane 7 2 1 0 0 2 5 1 1 1
2 Silorane/Z250 6 3 1 0 0 5 3 1 1 0
3 Adper Single Bond/Z250 8 1 1 0 0 2 4 4 0 0
4 Clearfil SE Bond/C.APX 7 2 1 0 0 2 6 1 1 0

In the four groups, curing the composite was
performed under standard mode of a LED unit
(radii plus, SDI, Australia) at light intensity of
1500 mW/cm? for 20 s. In the other four groups,
the composite was initially cured at 550 mW/cm?
for 10 s, with a 5-s interval and continued at
1500 mW/cm? for 15 (soft-start mode). The initial
intensity was provided by a 20 mm distancing
between the light tip and the resin composite [4].
The intensity was measured with a radiometer. This
distance was standardized using an opaque ring
spacer. The energy density was approximately similar
for both curing modes. In all the groups, the adhesives
were cured with the radii plus unit at 1500 mW/cm?
light intensity for 10 seconds.

After storage for 24 h in distilled water at room
temperature, all the specimens underwent 1000 ther-
mal cycles between 5-55°C in water baths with a
30-second dwell time. Then the teeth were coated
with two layers of nail polish except for 1 mm around
the restorations and the apices of the teeth were sealed
with sticky wax as well. The teeth were immersed in a
0.5% methylen blue dye solution for 24 h. They were
then washed with water, blot-dried and sectioned in
the baccolingual plane through the center of the
restorations with a water-cooled diamond wheel
saw (Leitz 1600, Wetzlar, Germany). The sections
were blindly observed for dye penetration by two
independent examiners under a stereomicroscope
(Carl Ziess Inc, Oberkochen, Germany) at 20x mag-
nification. The microleakage extents were scored for
both the occlusal and gingival margins from 04 as
follows: 0 = no dye penetration; 1 = dye penetration
extending for less than or up to 1/3 of the cavity depth;
2 = dye penetration of more than 1/3 or up to 2/3 of
the cavity depth; 3 = dye penetration more than 2/3 of

Table III. Microleakage scores obtained from soft-start curing mode.

the cavity depth; and 4 = dye penetration extending
along the axial wall.

The results were analyzed using Kruskal-Wallis and
Mann-Whitney U non-parametric tests at the p < 0.05
level of significance.

Results

Microleakage scores for the occlusal and gingival
margins in standard and soft-start curing modes are
presented in Tables II and III, respectively. The
Kruskal-Wallis tests were used to compare four dif-
ferent combinations of adhesive/composite for stan-
dard curing and soft-start curing separately, revealing
no significant difference at the gingival and occlusal
margins (p > 0.05). In order to evaluate the effect of
curing mode on the microleakage of each adhesive/
composite combination, Mann-Whitney U-test was
performed for both the occlusal and gingival margins.
These pair-wise comparisons showed that there were
no significant differences in microleakage between
standard and soft-start curing modes for groups 2,
3 and 4 at both margins (p > 0.05). However, soft-
start curing significantly decreased the microleakage
of group 1, silorane adhesive/silorane composite only
at the gingival margin (p = 0.005). Comparison of all
occlusal vs gingival margins, pair-wise, was done
using Wilcoxon signed-rank test; in all groups, the
occlusal margins presented a lower amount of micro-
leakage than the gingival margins. However, this
difference was statistically significant only for groups
1-4 (standard curing).

Discussion

Polymerization shrinkage is still one of the major chal-
lenges to achieve the perfect seal in composite

Occlusal margins

Gingival margins

Group Adhesive/Composite 0 1 2 3 4 0 1 2 3 4
1 Silorane/Silorane 10 0 0 0 0 9 1 0 0 0
2 Silorane/Z250 8 2 0 0 0 5 4 1 0 0
3 Adper Single Bond/Z250 8 2 0 0 0 7 1 1 1 0
4 Clearfil SE Bond/C.APX 7 3 0 0 0 7 2 1 0 0




restorations. Although several studies reported that
soft-start curing could result in a significant reduced
shrinkage stress during polymerization [25,26],
there are conflicting results regarding this positive
effect on the marginal integrity. The results of the
current study revealed that the soft-start curing had
no effect on the marginal sealing of methacrylate-
base composites. This finding is in agreement with
the results of previous studies [2,27-31]. Also, some
researchers found that polymerization stress was not
significantly affected by soft-start curing [32,33]. How-
ever, some reports demonstrated the beneficial effect of
two-step curing on the marginal integrity [4,5,8,9,17—
21]. The divergent data might be a result of different
curing conditions including light intensity and curing
time used in the first step, final intensity, total energy
curing, distance of the curing light tip from the curing
composite, type of curing unit, type of cavity and its c-
factor and thickness of applied composite.

Some authors confirmed the more important role
of adhesive systems over different polymerization
techniques in determination of marginal sealing
[29,33]. The main difference in authors’ viewpoints
regarding soft-start curing is initial intensity and its
exposure time. Some authors [4,5] have suggested
that the initial intensities of 45%, 50% and 70% of the
final ones in the range of 250, 315 and 380 mW/cm?
can produce a favorable result. A light intensity lower
than 280 mW/cm? is not capable of starting an ade-
quate reaction and final high intensity resulted in
immediate curing [2,4]. On the contrary, Lim et al.
[9] have demonstrated that the initial curing should
be started by the intensity being lower than 100 mW/
cm? with an exposure time of less than 5-7 s. The
advantageous effect of the pre-set step curing mode
provided by a commercially available curing unit with
initial intensities of 100, 150 mW/cm? on the marginal
integrity was not supported by some studies [2,27].
On the other hand, Amaral et al. [29] found that soft-
start curing at 75 and 190 mW/cm? did not reduce the
microleakage on a Class II cavity compared to con-
ventional curing at 560 or 810 mW/cm®.

It seems that determination of the optimal initial
intensity in connection with the final intensity is diffi-
cult because this intensity should be sufficiently high to
start a polymerization reaction and adequately low to
maintain the composite in a deformable state to relieve
polymerization stress. Several reports demonstrated
that polymerization shrinkage rapidly increases during
the first 10 s of light activation accompanied with
maximum rate of polymerization stress [5,16,26,34].
Thus, in the present study, 10 s at 550 mW/cm? was
applied as a soft-start curing. This intensity corre-
sponds to 37% of final intensity at 1500 mW/cm®.
This curing protocol did not enable one to improve
significantly the sealing ability of three combinations of
adhesive/methacrylate composite when compared to
curing at the high intensity of 1500 mW/cm?. One
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possible explanation could be that the initial intensity
used was too high for soft curing or high final curing at
1500 mW/cm? resulted in an increased total poly-
merization shrinkage that offsets any beneficial effect
of the initial curing at 550 mW/cm? [34].

In a recent study [35], the soft-start mode of LED
(650/800) could diminish polymerization shrinkage
compared to curing at 800 mW/cm?. The obtained
results showed that the relatively high soft-start mode
used in the present study could lead to a significant
improvement of gingival sealing ability of silorane
adhesive/silorane composite, but not for the methac-
rylate composite. This difference may be attributed to
different kinetics of the polymerization reaction of the
two type composites. Silorane composites possess a
slower polymerization reaction with a higher gel point
(7.6's) [22,36]. Min et al. [37] speculated that silorane
composite has the highest potential for relief of stress
by flow before the gel point. In a recent study [22], the
soft-start polymerization was capable of delaying the
gel point (11 s), resulting in a trend in a reduced
shrinkage stress; the high intensity curing led to the
higher shrinkage stress rate. On the other hand, curing
of silorane composite requires higher intensity (at
least 500 mW/cm?) compared to that methacrylate
composite and an upper limit of light intensity
at ~ 1200 mW/cm? was suggested [22,38].

According to our results, silorane and methacrylate
composites revealed approximately similar microleak-
age in Class V cavity. A direct correlation between
polymerization stress and microleakage was verified in
some studies [23,24]. However, it was considered that
shrinkage stress is not an inherent property of the
material and is not simply decreased by reduction of
volumetric shrinkage value [39]. In fact, development
of stress is determined by a complex phenomenon
involving several factors such as material properties
(monomer type, filler content, filler/matrix interaction
and viscoelastic properties) and rate of polymeriza-
tion. The latter is influenced by photoinitiator con-
centrations, reducing agent, inhibitor, molecular
weight and reactivity of monomer. In addition to
these, shrinkage strain rate, cavity configuration, com-
pliance capacity of cavity wall and quality of the
adhesive bond impacted the marginal adaptation of
composite restoration [20,24,30,39,40].

In this way, literature regarding silorane composites is
a controversial issue; some authors described low
shrinkage stress [11,22,40] and reduced cuspal deflec-
tion [41], while others reported no improvement of
microleakage/stress [24,39,42,43] or modest decreases
in the adverse effect of shrinkage stress [41]. The excel-
lent sealing ability of silorane composite was demon-
strated when using experimental [44] or commercial
[45] two-step self-etch silorane adhesive. A recent study
[46] indicated a significantly higher marginal adaptation
of silorene adhesive/silorane composite compared to a
total-etch/methacrylate one. In these studies, curing was
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performed at 800 or 1000 mW/cm?. In the current
study, similar excellent results were obtained in
group silorane adhesive/silorane composite cured at
550/1500 mW/cm?. This result may be related to high
bonding performance ofthis new silorane adhesive in the
case of controlled shrinkage stress. The self-etching
primer of this adhesive with pH of 2.7 has been recently
claimed to create chemical bonding to the hydroxyap-
atite crystals [47]. This bonding may contribute to
the sealing ability of the adhesive after thermocycling.
The excellent marginal sealing of the silorane system
after thermomechanical load cycling [48] or water aging
[49] has been recently reported when curing was per-
formed at 750 mW/cm? [48].

Among the four groups tested, silorane and meth-
acrylate composites were used associated with the same
silorane adhesive system in two groups to rule out the
differences between adhesive systems; no significant
difference was shown in microleakage. Also, two other
adhesives/methacrylates revealed no significant diffe-
rence. This indicated the similar bonding quality of the
two-step etch-and-rinse and the self-etch adhesives.

Also, the compatibility of silorane adhesive with
methacrylate composite was exhibited. The similar
bonding ability of the two types of composites asso-
ciated with the silorane adhesive was recently found
by Van Ende et al.’s [50,51] studies. This compati-
bility was attributed to the methacrylate-base of the
silorane adhesive bond hydrophobic layer. However,
silorane composite should be solely used associated
with a silorane adhesive system not with methacrylate
adhesive systems. Further studies are required to
confirm the results in laboratory conditions with
more simulating intra-oral situations.

Conclusion

The relatively high soft-start mode of curing (550/
1500 mW/cm?) used in this i vizro study enhanced
the gingival sealing ability of silorane adhesive/
silorane composite while it had no effect on silorane
adhesive or methacrylate adhesive/methacrylate com-
posite. The use of silorane composite compared to
methacrylate had no positive effect in terms of
marginal microleakage in Class V restorations cured
with a high intensity.

Acknowledgments

The authors thank the vice-chancellery of Shiraz
University of Medical Sciences, for supporting the
research (Grant#90-3776) and also Dr Mahtab
Memarpour and Dr M Vossoughi from Dental
Research Development Center.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are responsible
for the content and writing of the paper.

References

[1] Ferracane JL. Developing a more complete understanding of
stresses produced in dental composites during polymerization.
Dent Mater 2000;21:36-42.

Friedle KH, Schmalz G, Hiller KA, Markle A. Marginal

adaptation of Class V restorations with and without soft

start-polymerization. Oper Dent 2000;25:26-32.

Sakaguchi RL, Wiltbank BD, Shah NC. Critical configuration

analysis of four methods for measuring polymerization shrink-

age strain of composites. Dent Mater 2000;20:388-96.

Mehl A, Hickel R, Kunzelmann K-H. Physical Properties and

gap formation of light-cured composites with and without

“soft-start polymerization”. J Dent 1997;25:321-30.

Yoshikawa T, Burrow MF, Tagami ]J. A light curing

method for improving marginal sealing and cavity wall adap-

tation of resin composite restorations. Dent Mater 2001;17:

359-66.

Lutz E, Krejci I, Oldenburg TR. Elimination of polymeriza-

tion stresses at the margins of posterior composite resin

restorations: a new restorative technique. Quintessence Int
1986;17:777-84.

Unterbrink G, Liebenberg WH. Flowable resin composites as

“filled adhesives”: literature review and clinical recommenda-

tions. Quintessence Int 1999;30:249-57.

Ernst CP, Brand N, Frommator U, Rippin G,

Willerhausen B. Reduction of polymerization shrinkage stress

and marginal microleakage using soft-start polymerization.

J Esthet Restor Dent 2003;15:93-103.

[9] Lim BS, Ferracane JL, Sakaguchi RL, Condon JR. Reduction
of polymerization contraction stress for dental composites by
two-step light-activation. Dent Mater 2002;18:436—44.

[10] Eick JD, Kotha SP, Chappelow CC, Kilway KV, Giese GJ,
Colaros AG, et al. Propeperties of silorane-based dental resins
and composites containing a stress-reducing monomer. Dent
Mater 2007;23:1011-17.

[11] Weinmann W, Thalacker C, Guggenberger R. Siloranes in
dental composites. Dent Mater 2005;21:68-74.

[12] Vandewalle KS, Roberts HW, Tiba A, Charlton DG. Thermal
emission and curing efficiency of LED and halogen lights.
Oper Dent 2005;30:257-64.

[13] Bennett AW, Watts DC. Performance of two blue light-
emitting — diode dental light curing units with distance and
irradiation- time. Dent Mater 2004;20:72-9.

[14] Tlie N, Jelen E, Hickel R. Is the soft-start polymerization
concept still relevant for modern curing units?Clin Oral
Investig. 2011;15:21-9.

[15] Sakaguchi RL, Berge HX. Reduced light energy density
decreases post-gel contraction while maintaining degree of
conversion in composites. J] Dent 1998;26:695-700.

[16] Sakaguchi RL, Wiltbank BD, Murchison CF. Contraction
force rate of polymer composites is linearly correlated with
irradiance. Dent Mater 2004;20:402-7.

[17] Feilzer AJ, Dooren LH, de Gee AG, Davidson CL. Influence
of light intensity on polymerization shrinkage and integrity of
restoration-cavity interface. Eur J Oral Sci 1995;103:322—-6.

[18] Hofmann N, Hiltl O, Hugo B, Klaiber B. Guidance of
shrinkage vectors vs irradiation at reduced intensity for
improving marginal seal of Class V resin-based composite
restorations in vitro. Oper Dent 2002;27:510-15.

[19] Barros GK, Aguir FH, Santos AJ, Lovadino JR. Effect of
different intensity light curing modes on microleakage of two
resin composite restorations. Oper Dent 2003;28:642-6.

[20] Nalcaci A, Salbas M, Ulusoy N. The effect of soft-start vs
continuous- light polymerization on microleakage in
Class II resin composite restorations. J Adhes Dent 2005;7:
309-14.

[21] Obici AC, Sinhoreti MAC, de Goes MF, Consani S,
Sobrinho LC. Effect of photo-activation method on

[2

—

3

—

[4

—

(5

—

(6

—_

[7

—

8

[}



[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

(32]

[33]

[34]

[35]

[36]

[37]

polymerization shrinkage of restorative composites. Oper
Dent 2002;27:192-8.

Ilie N, Jelen E, Clementino-Luedemann T, Hickel R. Low
shrinkage composite for dental application. Dent Mater J
2007;26:149-55.

Ferracane JL, Mitchem JC. Relationship between composite
contraction stress and leakage in Class V cavities. Am J Dent
2003;16:239-43.

Calheiros FC, Sadek FT, Braga RR, Cardoso PE. Polyme-
rization contraction stress of low-shrinkage composite and its
correlation with microleakage in Class V restorations. ] Dent
2004;32:407-12.

Ernst CP, Kurschner R, Rippin G, Willershausen B. Stress
reduction in resin-based composites cured with a two-step
light curing unit. Am J Dent 2000;13:69-72.

Silikas N, Eliades G, Watts DC. Light intensity effects on
resin-composite degree of conversion and shrinkage strain.
Dent Mater 2000;16:292-6.

Sahafi A, Peutzfeldt A, Asmussen E. Soft-start polymerization
and marginal gap formation in vitro. Am ] Dent 2001;14:145-7.
Hofmann N, Siebrecht C, Hugo B, Klaiber B. Influence of
curing methods and materials on the marginal seal of Class V
composite restorations iz vizro. Oper Dent 2003;28:160-7.
Amaral CM, Peris AR, Ambrosano GM, Pimento LAF.
Microleakage and gap formation of resin composite restora-
tions polymerized with different techniques. Am J Dent 2004;
17:156-60.

Kubo S, Yokota H, Yokota H, Hayashi Y. The effect of
light-curing modes on the microleakage of cervical resin
composite restorations. ] Dent 2004;32:247-54.

Fleming GJP, Cara RR, Palin WM, Bwke FJT. Cuspal move-
ment and microleakage in premolar teeth restored with resin-
based filling materials cured using a ‘soft-start’ polymerization
protocol. Dent Mater 2007;23:637—42.

Bouschlicher MR, Rueggeberg FA, Boyer DB. Effect of
stepped light intensity on polymerization force and conversion
in a photoactivated composite. J Esthet Dent 2000;12:23-32.
Visvanathan A, Ilie N, Hickel R, Kunzerlmann K-H. The
influence of curing times and light curing methods on the
polymerization shrinkage stress of a shrinkage-optimized com-
posite with hybrid-type prepolymer fillers. Dent Mater 2007;
23:777-84.

Watts DC, al Hindi A. Intrinsic soft-start polymerization
shrinkage-kinetics in an acrylate-based resin composite.
Dent Mater 1999;15:39-45.

Knezevic A, Sariri K, Sovic I, Demoli N, Talre Z. Shrinkage
evaluation of composite polymerized with LED units using
laser interferometry. Quintessence Int 2010;41:417-25.

Ilie N, Hickel R. Silorane-based dental composite: behavior
and abilities. Dent Mater J 2006;25:445-54.

Min SH, Ferracane ], Lee IB. Effect of shrinkage strain,
modulus, and instrument compliance on polymerization

(38]

(39]

(40]

(41]

(42]

(43]

(44]

(45]

(46]

(47]

(48]

(49]

(50]

(51]

Microleakage of silorane-based composite 1167
shrinkage stress of light — cured composites during the initial
curing stage. Dent Mater 2010;26:1024-33.

Watts DC, Wahbi MA. Shrinkage-stress kinetics of silorane
versus dimethacrylate resin-composite.] Dent Res 2005;84:
(special issue A):abstr. no. 2680.

Marchesi G, Breschi L, Antoniolli F, Lenarda RD,
Ferracane ], Cadenaro M. Contraction stress of Low-
shrinkage composite materials assessed with different testing
system. Dent Mater 2010;26:947-53.

Papadagiannis D, Kakaboura A, Palaghias G, Eliades G.
Setting characteristics and cavity adaptation of low-shrinkage
resin composites. Dent Mater 2009;25:1509-16.

Palin WM, Fleming GJ, Nathwani H, Burke FJ, Randall RC.
In vitro cuspal deflection and microleakage of maxillary pre-
molars restored with novel low-shrinkage dental composites.
Dent Mater 2005;21:324-35.

Boaro LCC, Goncalves F, Guimaraes TC, Ferracane JL,
Versluis A, Braga RR. Polymerization stress, shrinkage and
elastic modulus of current low-shrinkage restorative compo-
sites. Dent Mater 2010;26:1144-50.

Ernst C-P, Galler P, Willershausen B, Haller B. Marginal
integrity of Class V restorations: SEM versus dye penetration.
Dent Mater 2008;24:319-27.

Yamazaki PC, Bedran — Russo AK, Pereira PN, Wsift JTE].
Microleakage evaluation of a new low-shrinkage composite
restorative material. Oper Dent 2006;31:670-6.

Bagis XH, Baltacioglu IH, Kahyaogullari S. Comparing
microleakage and the layering methods of silorane-based resin
composite in wide Class II MOD cavities. Oper Dent 2009;
34:578-85.

D’Alpino PHP, Bechtold ], dos santos PJ, Alonso RCB,
Di Hipolito V, Silikas N. Methacrylate-and silorane-based
composite restorations: hardness, depth of cure and interfacial
gap formation as a function of the energy dose. Dent Mater
2011;27:1162-9.

Mine A, De Munck J, Van Ende A, Cardoso MV, Kuboki T,
Yoshida Y, et al. TEM characterization of a silorane composite
bonded to enamel/dentin. Dent Mater 2010;26:524-32.
Krifka S, Federlin M, Hiller K-N, Schmalz G. Microleakage
of Silorane- and Methacrylate-based class V composite
restorations. Clin Oral Invest 2011;16:1117-24.

Mahmoud SH, Al-wakeel Eel S. Marginal adaptation of
ormocer-, Silorane-, and Methacrylate-based composite
restorative systems bonded to dentin cavities after water
storage. Quintessence Int 2011;42:¢131-9.

Van Ende A, De Munck ], Mine A, Lambrechts P,
Van Meerbeek B. Does a low-shrinkage composite induce
less stress at the adhesive interface? Dent Mater 2010;26:
215-22.

Van Ende A, Mine A, De Munck ], Poitevin A,
Van Meerbeek B. Bonding of low- shrinkage composites in
high c-factor cavities. J] Dent 2012;40:295-303.



	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Acknowledgments
	Declaration of interest

