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Abstract 
Background and Aim: Lack of appropriate seal is one of the major problems in 
composite restorations. Properties of the bonding system can play a crucial role in 
sealing ability of these restorations. The aim of this study was to evaluate the 
microleakage of class V composite restorations with varying irradiation times for 
curing dentin bonding agents using two different curing devices. 
Materials and Methods: In this experimental study, 60 intact extracted human molars 
and premolars were subjected to standard class V cavity preparations. Cavities were 
divided to six groups. Following etching, Excite bonding agent was applied and light 
cured using QTH and LED systems for 20, 30 and 40 seconds and cavities were filled 
with composite. The filled cavities were subjected to 3000 thermal cycles with 5-55 °
C temperatures. Teeth were immersed in 0.5% basic fuchsine dye and sectioned oc-
clusogingivally from the restoration middle area and the microleakage was 
determined using stereomicroscope by a 5-scaled ranking. Data were analyzed by 
Mann-Whitney and Kruskal-Wallis tests with p < 0.05 as the level of significance. 
Results: No leakage was found in enamel margins. The type of light curing device 
did not have any significant effect on dentin margin microleakage (p>0.05). 
Furthermore, no significant differences in microleakage scores were observed in the 
restorations irradiated with different curing times (p>0.05). 
Conclusion: QTH and LED curing units in 20, 30, and 40 s curing time did not have 
any significant effect on microleakage of class V composite restoration margins. 
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Introduction 
Superior esthetics, decreased thermal and electrical 
conductivity as well as the ability of bonding to 
tooth structure are main advantages of dental com-
posites which have lead to their extensive use [1]. 
Nevertheless, stresses due to polymerization shrin-
kage of composites remain a problem [2]. The 
created stress can lead to loss of continuity in mar-
gins resulting in microleakage, especially in dentin 

margins [3-4]. Microleakage cannot be diagnosed 
clinically but it can cause discoloration of restora-
tion margins, destruction of marginal seal, recur-
rent caries, sensitivity and finally pulpal damage 
[5-6]. 
One of the factors that maintain marginal continui-
ty is properties of adhesive layer [7]. This layer has 
minimal hardness in composite restorations and is 
considered the weakest area in the restoration. Po-
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lymerization shrinkage can cause loss of bonding 
in this area [8]. It is claimed that this layer has vis-
coelastic strain capacity, which acts as an elastic 
layer and neutralizes polymerization shrinkage 
stress [9]. 
Degree of polymerization in bonding agents can 
influence their properties. The recommended time 
for curing bonding agents are 10 to 20 seconds 
[10]. It has been shown that improvements in me-
chanical properties of the bonded layer [11] can 
increase bond strength [12] and lead to nanoleakage 
reduction through increasing degree of polymeriza-
tion [13-15]. On the other hand, by increasing cur-
ing time, elastic modulus and stress induced in this 
layer will be increased, which may cause cracks in 
margins of restoration either within the tooth struc-
ture or the composite thereby giving rise to loss of 
marginal seal and increased microleakage [16]. 
This study investigated the effects of different cur-
ing times of a bonding agent and increasing degree 
of polymerization in this layer on microleakage of 
composite restorations using two LED lighting and 
QTH devices, which are commonly used in denti-
stry.

Materials and Methods 
This was an in vitro experimental study on sixty 
human molar teeth without any cracks, carious le-
sions, or decalcification. The teeth were imme-
diately disinfected after extraction in 0.5% chlora-
mine T solution for one week. Then, they were 
stored in distilled water. The maximum storage 
time was three months after extraction. 
Fifty-six standard class V cavities were prepared 
on buccal surfaces of all teeth with carbide burs. 
Each bur was replaced after every five cavity prep-
aration. Cavities were prepared from mesial to dis-
tal line angles. The pulpal depth of preparation on 
occlusal margins were 1.25 mm. The gingival wall 
on the root surface had 0.75 mm pulpal depth. The 
axial wall followed convection of outer surface of 
teeth. Mesial and distal walls had a slight diver-
gence and occlusal and gingival walls were per-
pendicular to the axial wall. After finishing the 
preparation walls, a 0.5 mm bevel with 45° angle 

was prepared on the occlusal margins using a 
flame diamond bur. The teeth were then randomly 
divided to six groups. The teeth were etched for 15 
sec using 35% phosphoric acid gel (Vivadent, 
Schaan, Liechtenstein). Then, samples were rinsed 
for 15 seconds and dried. A bonding agent (Excite, 
Vivadent, Schaan, Liechtenstein) was applied on 
all surfaces and, was cured in three groups using 
LEDemetron1 (LED, 1660 mW/cm2, Sybron Den-
tal Secialties/Kerr, West Collins, Orange, CA, 
USA) device at three different exposure times of 
twenty, thirty and forty seconds. The other three 
groups were cured using Demetron Optilux 501 
device (Kerr, Orange, CA, USA) at exposure times 
of twenty, thirty and forty seconds. In all  groups, 
the distance between device tip and restoration was 
approximately zero and device tip was perpendicu-
lar to the restoration. Afterwards, the composite 
was inserted by layering technique in the cavity. 
The initial 0.5-mm-thick layer was placed on the 
gingival margin and axial wall to occluso-axial 
angle line and the subsequent layers were placed 
with 2 mm thickness to completely fill the cavity 
in each sample. Then, each layer was cured for 40 
seconds. To simulate clinical conditions, the sam-
ples were incubated at 37°C for 24 hours inside a 
capped bottle of distilled water. After 24 hours, 
excess of restorative material was removed, and 
the surfaces polished. The samples were then sub-
jected to 3000 thermal cycles at 5 and 55°C. After 
that, the end of each tooth root was sealed by wax. 
All tooth surfaces were completely sealed with two 
layers of nail polish, except for the filled parts and 
a 1-mm window surrounding the restored area. 
Then, they were maintained in an alkaline fuchsine 
solution (Vivadent, Schaan, Liechtenstein) for 48 
hours. The samples were subsequently rinsed and 
mounted in transparent acrylic blocks. In the next 
stage, the samples were cut in the middle of the 
restored area on the occluso-gingival side using a 
diamond disc. 
To investigate the influence of color penetration or 
microleakage, the samples were visualized under a 
stereomicroscope at 40x magnification and both 
occlusal and gingival areas were assessed. Depth 
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of dye penetration in the samples was numbered 
and determined as follows: 
0. No penetration and dye leakage  
1. Penetration to half or less than half of gingival 
or occlusal cavity depth 
2. Dye penetration more than half of gingival or 
occlusal cavity depth 
3. Dye penetration to junction of axial and gingival 
or occlusal without penetration into axial wall 
4. Complete dye penetration and inclusion of axial 
wall 
Mann-Whitney test was used to compare two types 
of systems at different times , and, Kruskal-Wallis 
test was used to compare the effect of time on lea-
kage rate in each system,. Significance level was 
considered at p<0.05. 
 
Results  
The incidence of severe degrees of microleakage 
was evident at dentin margin at twenty, thirty or 
forty seconds of curing for both LED and QTH 
devices. The frequency of severe microleakage 
decreased by increasing curing time and cases of 
no microleakage or mild microleakage increased. 
However, the difference was not statistically sig-
nificant.  
Microleakage in enamel margins were zero. 
Percentage of the fourth degree of microleakage 
using QTH was 50% (n=5), 40% (n=4) and 30% 
(n=3) at curing times of 20, 30 and 40 seconds, 
respectively. Also, percentage of the fourth degree 
of microleakage using LED device was 70% (n=7), 
50% (n=5), and 30% (n=3) at curing times of 20, 
30 and 40 seconds, respectively. The number and 
percent of different degrees of microleakage are 
shown in Table 1 for device type and different cur-
ing times. 
Comparison of percent rates of microleakage for 
light curing device and curing time showed that 
type of device had no effect on microleakage 
(p=0.79). Furthermore, the effect of curing time on 
microleakage was not significant (p<0.001). In 
addition, the interactive effect between curing time  
and the applied system on microleakage was not 
significant (p= 0.88). 

Table 1. Frequency of different degrees of microlea-
kage, mean and standard deviation in curing by different 

curing systems and curing times 

 
Discussion 
There is no doubt that any method which compen-
sates for the stresses caused by polymerization 
shrinkage will by some means reduce microlea-
kage. However, to date no specific methods have 
been presented which can completely eliminate 
microleakage in dental restorations [17]. 
Since adhesive layer has minimum hardness in 
composite restorations, it is considered the weakest 
part in a restoration system [18]. One of the most 
important factors for the success of composite res-
torations is strong adhesion of the bonding agent to 
the tooth structure. Different studies have shown 
the relationship between degree of conversion 
(DC) and mechanical properties of bonding agents 
as bond strength [19-21]. Studies have shown that 
increase in polymerization rate of bonding agent 
reduces permeability of bonding agents in margins, 
nanoleakage and finally hydrolytic degradation of 
bond [13-15]. 
In this study, thermal cycles were used to get clos-
er to clinical conditions and investigate effect of 
difference of coefficient thermal expansion of 
composite and tooth tissue on the bond. According 
to the results of this study, microleakage rate in  
enamel margins was zero in all the groups. Consi-
dering the fact that, biological structure of the tis-
sue as well as adhesive is effective on microlea-
kage, it can be stated that since the main structure 

System Time 
(sec) Indicators

Microleakage degrees 
Zero 2 3 4

QTH 
 

20 number 
percent 

0
0% 3/5 0

0%
5

50%
5

50%

30 number 0
0% 3/3 1

10%
5

50%
4

40%

40 percent 1
10% 2/5 1

10%
3

30%
3

30%

LED 

20 number 0
0% 3/7 0

0%
3

30%
7

70%

30 percent 0
0% 3/4 1

10%
4

40%
5

50%

40 number 1
10% 2/4 2

20%
2

20%
3

30%
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of enamel is composed of minerals, etching with 
phosphoric acid will cause suitable etching depth 
in enamel thereby producing a strong and good 
bonding through adequate penetration of the bond-
ing material [22]. This process seems sufficient to 
resist against the stresses caused by polymerization 
shrinkage. 
In contrast, dentin contains a mixture of minerals 
and organic materials with the main component of 
collagen and water, and dentin tubules filled with 
water. Etching with phosphoric acid, exposes col-
lagen network in outer surfaces. Moreover, it 
opens dentinal tubules and increases water volume. 
Accordingly, sealing in dentin is very complex and 
histological findings have shown higher microlea-
kage rate in dentin margins compared to enamel 
margins in composite cavities [23]. 
The results showed that the type of curing device 
had no effect on microleakage of restorations and 
that microleakage severity decreased by increasing 
exposure time. Nonetheless, this decrease was not 
statistically significant. 
According to the results of this study and previous 
studies on adhesive resins, it seems that increased 
rate of polymerization is effective in reducing lea-
kage in dentin margin. In fact, by increasing curing 
time, the changes in elastic and mechanical proper-
ties of bonded layers cannot increase microlea-
kage, and the cohesive strength of adhesive layer is 
more than shrinkage stress induced in composite 
resins. In addition, it can resist the difference of 
coefficient of thermal expansion. 
 
Conclusion 
The results of this study showed that increasing 
exposure time of bonding agent to 40 sec not only 
did not increase microleakage between composite 
and teeth restoration, but also reduced microlea-
kage severity in dentin margin to some degrees. 
The kind of light curing device had no evident ef-
fect in this regard. 
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