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[ . Introduction

The invention of light curing composite resin is a
revolutionary event in the development of dental
restorative materials. After composite resin was
introduced in 1960 s, many discussions arose con-
cerning composite as a amalgam substitute. But for
many years the use of composite resin had produced
a significant number of short-term failures.
Inadequate wear resistance, postoperative sensitivi-
ty, secondary caries, and fracture were the most seri-
ous problems. The idea of using composite as an
amalgam substitute was abandoned". During the
past 30 years, most of these shortcomings have been
overcome. The most significant weakness of posterior
resins, wear resistance, has been improved and is
now shown to be similar to that of amalgam?.
Compared with amalgam restorations, posterior com-
posite restorations are more complex, time-consum-
ing, and technique sensitive in clinical application so
far. Furthermore, because of incremental curing
methods, posterior resin restorations are more time-
consuming than amalgam restorations. It was report-
ed that current posterior resin products could be
cured to the depth of Smm® and restoration time
could be saved because more amount of resin could
be cured at a time.

One of the shortcomings of posterior composite
resin, polymerization shrinkage, is still remain. 1t is
the most critical problem of not only posterior com-
posite resin but also anterior composite resins.
Polymerization shrinkage can create mechanical
stresses in the resin composite and these stresses
can break the marginal seal between the composite
restoration and tooth substance. Resulting gap can
be significantly large enough to allow for the invasion
of oral and pulpal fluids and bacteria®.

Some methods have been introduced to reduce
marginal gaps due to polymerization shrinkage. The
incremental curing technique can reduce the margin-
al gap better than bulk curing method®. But incre-
mental curing technique takes more time than bulk
curing methed. Spending more time may cause clini-
cal error.

Another method to minimize the polymerization
shrinkage with short clinical time is to allow flow of
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composite resin during setting by means of controlled
polymerization. This can be done by pre-polymeriza-
tion at low light intensity followed by final cure at
high light intensity. Uno® reported that the reduced
rate of polymerization might allow for increased flow
of the material, decreasing the contraction stress in
the filling. Unterbrink and Muessner” reported that
in clinically relevant layer thicknesses, curing a resin
composite with a higher intensity light might demon-
strate significant disadvantages due to increased
shrinkage stress. Mehl ez @/® reported that initial
cure with low light intensity followed by final cure
with high light intensity significantly improved the
marginal integrity of light-cured composite fillings
and also the material properties(Softstart-polymer-
ization). Kanca and Suh® reported that prolonged gel
state allowed flow to occur in the resin based com-
posite. Pulse-activated group in their study(2 sec-
onds at 300-350mW/cm? followed by 10 seconds at
600mW/cm?)showed very little marginal leakage. -
The aim of this study was to compare the
microleakages of class [ posterior composite resins
cured with 5 different curing methods. Low intensity
light curing, moderate intensity light curing. high
intensity light curing, pulse-activation and
Softstart-polymerization, were used.

[ . Materials and Methods

One hundred extracted human molars stored in
0.56% chloramines solution were used. All teeth were
caries—free and the length between the cemento-~
enamel junction and the occlusal surface was longer
than 4mm. Class [ cavities were prepared with
#557 fissure-type carbide bur. The box had a bucco-
lingual width of 4mm, an axial depth of Zmm and
depth from the occlusal surface to the gingival sur-
face of 4mm. The gingival margin was on the cemen-
to-enamel junction. If the length between the cemen-
to-enamel junction and the occlusal surface was
longer than 4mm, occlusal surface was reduced. The
teeth were set in base plate wax with adjacent teeth
and metal matrix band were applied. The teeth were
randomly divided into 5 groups of twenty.
Surefil(Dentsply, Konstanz, Germany) resin was
applied according to the manufacturer s instructions
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Table 1. Curing methods and procedures used in this study

Curing methods Procedure Total energy
Group.1  Soft-start polymerization 200mW/em” X 10sec and 400mW/cm” X 35sec 16000mdJ/cm”®
Group 2 Pulse-activation 300mW/em® 3sec and 3-5min later 16100mJ/cm®

400mW/cm” % 38sec
Group 3 Low-curing light intensity 200mW/cm’ % 80sec 16000mdJ/em”
Group 4 Moderate-curing light intensity ~ 400mW/cm”® % 40sec 16000mdJ/cm”
Group 5 High—curing light intensity 600mW/cm”® x 27sec 16200mdJ/cm’

Table 2. Averages and standard deviations of
microleakage scores

Curing methods Average SD

Group 1 Softstart-polymerizarion 230  1.03
Group 2 Pulse-activation 330 086
Group 3 Low-curing light intensity 400 0.00
Group 4 Moderate-curing light intensity  2.45  1.00
Group 5 High-curing light intensity 245 083

with etchant and Prime & Bond{(Dentsply,
Konstanz, Germany). Five different light curing
methods were applied(Table 1). A recently developed
light curing unit, VIP{variable intensity polymerizer,
BISCO, Inc., Schamburg, IL., USA)was used

Group | (Softstart-polymerization, Mehl ez /.
1997)

The initial curing light intensity was 200mW/cm?
and the final curing light intensity was 400mW/cm®.
Because the manufacturer recommended 40seconds
at 400mW/cm® with total curing energy of
16000mdJ/m?, 10 seconds was applied for initial cur-
ing and 35 seconds for final curing in this study.

Group [ (pulse-activation Kanca, Suh” 1999)
The. initial curing was 3 seconds at 300mW/cm?
and 3-5minutes later 38 seconds at 400mW/cm® was

applied for final cure. The total energy was
16100md/cm?®.

Group Il (Low-curing light intensity)

The curing light intensity was 200mW/cm? and the
curing time was 80 seconds. The total energy was
16000mdJ/cm?.
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Fig. 1. Averages and standard deviations of microl-
eakage scores.

Group N(Moderate-curing light intensity)

The curing light intensity was 400mW/cm® and the
curing time was 40 seconds. The total energy was
16000mJ/cm®.

Group V (High-curing light intensity)

The curing light intensity was 600mW/cm® and the
curing time was 27 seconds. The total energy was
16200md/cm®.

After the restored teeth were removed from the
base plate wax, proximal surfaces were polished with
Soflex (3M Dental product, St Paul, MN, USA)
disks. After 24hours of storage in saline, the teeth
were thermocycled (500 cycles at 5C and 55T, 1
minute each time). All the surfaces except gingival
margins were coated with two layers of nail vanish
and the teeth were immersed in 2% methylene blue
dye solution for 24 hours.. After being embedded in
acrylic resin, the teeth were sectioned in the center of
the resin restorations in a mesio-distal direction with



diamond saw (Isomet, Buehler co., USA)

Microleakage was evaluated according to a 5-point
rating scale using X 20 stereomicroscope(Stereo Zoom
Microscope, Olympus, Japan).

0: no leakage

1: leakage to the 1/3 point

2: leakage to the 2/3 point

3! leakage to the axio—gingival line angle

4: leakage to the axial wall

The means and standard deviations of microleakage
for each group were compared for statistically signifi-
cant differences using Kruskal-Wallis one way ANO-
VA and Dunn' s method

Il . Result

Microleakages measured, in increasing order are as
follow, group 1, group 4 and 5, group 2, group 3.
Among the results of group 1, group 4 and group 5,
there was no statistical significant difference in
microleakage. The results of group 2 were significant-
ly higher than those of group 1, group 4 and group
5(p€0.05). In turn this was also significantly lesser
than that of the group 3(p<0.05). The microleakage
of group 3 was higher than that of the other groups
and this difference was statistically significant
(p€0.05)(Table 2, Fig. 1).

V. Discussion

Light curing composite resin made it possible not
only to do minimally invasive dental restoration but
also to replace amalgam. In the early days of light
curing composite resin, it had a lot of disadvantages
such as low abrasion resistance, incomplete curing,
color instability, polymerization contraction, marginal
microleakage, and so on. New filler, new filler ratio,
new photo-activator and new accelerator made it
possible to overcome these disadvantages. Light cur-
ing with higher intensity was thought to improve the
degree of conversion, so dentists were recornmended
to check the light intensity of curing unit'”. But in
the 1990s, this theory have been challenged.
Myazaki', Mehl®, Sakaguchi' reported that curing
with low light curing intensity exhibited equivalent
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mechanical properties and low intensity curing might
be beneficial to resin and tooth structure adapta-
tion13,l4).

Davidson and deGee™ reported that shrinkage
stresses could be reduced by the capacity for flow to
occur in a restoration. Again, flow is thought to be
the ability of molecules to slip into new orientations
during the polymerization process. Flow is typically
severely limited in resin-based composites which
undergo rapid polymerization, as light-activated
materials typically do. Another author” reported that
curing direct composite restorations with high inten-
sity lights might lead to reductions in marginal quali~
ty. The development of the modulus was influenced
by the light intensity and this was probably repre~
senting the most important contribution towards
alteration of shrinkage stress. It was reported that
initial cure with 57% and 70% intensity of final cure
for 20 seconds followed by final cure at 100% for 40
seconds significantly decreased the marginal gap®.
On the basis of the result the author introduced
Softstart-polymerization. In our study, this method
was modified to 10 seconds for initial cure at
50% (200mW/cm?) light intensity and 35 seconds for
final cure at 100%(400mW/cm?®)light intensity, was
used to equalize the total energy. Kanca and Suh”
reported that the pulse activation method caused the
slowest rate in surface hardness development at the
top surface of the resin-based composite sample.
Slowing down the rate of polymerization, and thus
the development of modulus potentially had signifi-
cant benefits. Goracci ez @/ reported almost the
same result, that is, the adaptation of resin compos-
ites to the dentina! surface could be improved by
reducing the speed of polymerization. Silikas et al'”
reported that the correlation between degree of con-
version and shrinkage strain values meant that some
reduction in the problems of shrinkage might be
achieved by an acceptable deduction in the degree of
conversion. Although most researchers have demon-
strated positive results with slow or Softstart curing,
Sakaguchi and Karren'™ reported no significant dif-
ference in microleakage at the gingival or the occlusal
margins when restorations were cured using neutral
density filters to decrease the output of a laser-cur~
ing unit. They reported that reduced output did not
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improve marginal integrity compared to convention-
ally or chemically cured restorations.

Although the marginal microleakages were reduced
by the reduced initial light curing intensity, change
of physical properties were another problem. In a
previous article®, it was reported that the initial cure
with decreased light intensity followed by final cure
with high light intensity had no influence on micro-
hardness and increased flexural modulus and flexural
strength. But the variation in light intensity did not
significantly affect post-cure hardness profiles to a
depth of 4.5mm”.

According to the result of this study, microleakage
of Softstart-polymerization, moderate intensity cur-
ing and high intensity curing were not significantly
different. Mehl ez @” reported that with different ini-
tial curing intensities, 20 seconds at 37%, 56%, 70%
and 100% followed by 40 seconds at 450mW/cm?,
the dye penetration test showed no statistically sig-
nificant difference. In this case the specimen had
diameter of 2.0mm and depth of 1.8mm. And the dye
penetrations were tested on the dentin and resin
interfaces. In our study, pulse-activation method
showed more leakage than Softstart polymerization,
moderate intensity and high intensity curings. Most
of all, the curing intensity of 300mW/cm? only for 3
seconds was not enough to reach the gingival margin
and with this condition, matrix band was not stable
to maintain the marginal integrity during 3~4 min-
utes. According to these studies, the microleakage of
resin-dentin bonding is almost the same regardless of
the curing method if the method can cure all the
resin to the dentin margin. But if the curing method
can not reach the bottom of the resin filling, marginal
integrity is questionable. In our study, all the speci-
mens in the 80 seconds at 200mW/cm? group showed
maximum microleakage. This does not mean that
lower intensity light curing affect the microleakage of
resin margin. The light curing intensity of
200mW/cm?is not enough to reach the gingival mar-
gin. Rueggeberg er a/® reported that sources with
intensity values less than 233mW/cm? should not be
used because of their poor cure characteristics.
Combined method of low intensity light curing and
high intensity light curing showed minimum margin-
al leakage.
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The aim in using lower light intensity is reducing
the polymerization contraction strain without reduc-
tion in degree of conversion. Sakaguchi ez /" report-
ed that application of light at less than the maximum
intensity of the curing light resulted in significant
reduction of polymerization contraction strain with-
out significantly affecting the degree of conversion.
Strain was linearly related to light intensity density.
Application of light at two intensities resulted in
degree of conversion values that were not significant-
ly different from those cured at either the higher or
lower intensity for 40 seconds. Strain of the sample
cured at two intensities was not significantly differ-
ent from the sample cured at the lower intensity
alone for 40 seconds.

In our study the same amount of light curing ener-
gies were used. Miyazaki e @/'" reported that the
fracture toughness and the flexural strength were the
same when irradiations with the same amount of
energy (light intensity multiplied by curing time)
were used. It was found that, at lower light intensi-
ty. longer curing time was required to provide com-
parable mechanical properties. An accumulated irra-
diation energy obtained through a product of the
light intensity and curing time may serve as a guide-
line to produce samples exhibiting equivalent fracture
toughness as well as flexural strengths. Hinoura ez
a/” reported that an extension of the application
time could compensate for intensities that were
insufficient to activate the photopolymerization
process.

Polymerization shrinkage has not been overcome
yet. Many researchers have studied other methods to
reduce microleakage such as alternative preparation
designs, restoration techniques®®, transilluminating
posts®
curing methods can be used to reduce the polymer-
ization shrinkage and marginal microleakage of pos-
terior composite resin. Combination with other meth-
ods show added benefits. Clinically, curing time is an
important factor because reducing chair time can
decrease clinical errors in class [ posterior composite
resin restorations. More researches on reducing
microleakage of posterior class 1 composite resin
restorations are needed.

and flowable composite resins. Alternative
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V. Conclusion

Microleakages measured, in increasing order are

as follow, group 1. group 4 and 5, group 2, group

3. Among group 1, group 4 and group 5, there
were no statistically significant differences in
microleakage(p»0.05).

. Group 2 showed significantly higher microleakage

compared with group 1, group 4 and group 5 and
showed significantly lower microleakage than
group 3(p€0.05).

. Group 3 showed significantly higher microleakage

than the other groups(p<0.05).
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