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ABSTRACT 
Aims: To compare the shear bond strength (SBS) of composite bonded to dentin cured by three light 
curing units (LCUs), which are quartz tungsten halogen (QTH) and two types of light emitting diode 
(LED) machines. Materials and Methods: Buccal dentin of 90 upper premolars was exposed, prior to 
restorative procedure. Samples divided into 3 groups, restoration of each group cured by Astralis 5 
[Austria], Top Light, [Taiwan] and Ultradent [USA]. Each group further subdivided into three 
subgroups. After bonding application, each subgroup of every group restored by one of 3 composites: 
Point 4™, Tetric and Degufill mineral. Composite applied and cured for 40 seconds. Samples 
thermocycled and loaded at tooth–composite interface. Results: Analysis of variance (ANOVA) with 
significance p < 0.05 followed by Duncan Multiple Range Test, showed that SBS of subgroups that 
cured by Ultradent (400 mW/cm2) was significantly higher than Astralis 5 (405 mW/cm2) and Top 
Light (141 mW/cm2). The SBS of Astralis 5 was significantly higher than Top Light. No significant 
differences found among subgroups those cured by same LCU. Conclusions: Shear bond strength of 
resin composite bonded to dentin is directly proportional with the light intensity. However, better result 
obtained by a high intensity LEDs compared with an equivalent intensity QTH–LCUs. 
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INTRODUCTION 
Visible light curing materials include-

ing resin composite, resin modified glass 
ionomers, cavity liners, fissure sealants, 
dentin primers, bonding agents and luting 
agents are widely used in dentistry (1). 

The efficiency of radiation source for 
photo polymerization has thus become inc-
reasingly important in daily clinical condi-
tions. The traditionally used unit for poly-
merization of composite is quartz tungsten 
halogen (QTH)  light curing unit (LCU). 
But, unfortunately they have some specific 
drawbacks including the reduction of light 
out–put with the time (1), the halogen lamp 
and reflector may deteriorate over time 
due to the light operating temperatures and 
significant quality of heat produced during 
the operating cycle, these result in reduce-
tion of curing effectiveness of QTH–LCU 
over time (2), in addition to hazard of pulp-
al damage as 5.5 °C increase in the pulpal 
temperature may cause irreversible dama-
ge of teeth pulps (3). The reduction of light 
intensity due to the long usage of QTH–
LCU was reported and well known, in fact 

light intensity decreases with time even 
with a short radiation period (1). 

Development of dental equipment in-
cluding light curing technologies have led 
to the invention of new curing units like 
blue super bright light emitting diode 
(LED) unit. Its principally developed to 
operate at 470 nm wavelength as an 
alternative to QTH–LCU (4). 

A number of studies had addressed 
the application of LED technology to cure 
dental materials, some reported regarding 
the light intensities of these light curing 
units (LCUs) (5–7), or measuring the depth 
of cure or mechanical properties of cured 
composite exposed to these LCUs (8–12). 
However the light intensities were measu-
red using various types of commercial de-
ntal radiometers and no study has reported 
the light intensities measured using radio-
meter confirming to ISO standard (ISO TS 
10650, 1999). Dental radiometers can't 
accurately evaluate light intensity, because 
sensitivity to the intensity varies with the 
wavelength and different light sources that 
have different spectral distribution (5). 
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Adequate polymerization of resin co-
mposite is considered to be a very import-
ant factor in obtaining adequate physical 
properties, and that is closely related to the 
degree of conversion of this material (13, 14).  

Higher values of the degree of conv-
ersion and superior mechanical and physi-
cal properties can be achieved by high 
intensity lights, but they produce higher 
contraction strain rates due to shrinkage 
during polymerization of the composite(15). 
Higher irradiation heat produced by LCUs 
also increasing contraction strain due to 
polymerization reaction acceleration (16, 8). 
Thus compromise the formation of an ade-
quate adhesive bond between the compo-
site and the tooth (17). 

The aim of this study was to compare 
shear bond strength (SBS) of composite 
bonded to dentin cured by three light 
curing units (LCUs) which are quartz tun-
gsten halogen (QTH) and two types of 
light emitting diode (LED) machines (two 
different intensities). 
 

MATERIALS AND METHODS 
Two kinds of LCUs: QTH–LCU and LED 

(low and high intensities) were used. QTH–
LCU (Astralis 5, Vivadent, Austria). Low 
intensity LED (Top Light, Taiwan). High 
intensity LED (Ultradent, South Jordan, Utah 
84095 USA). 

Light intensity of each curing unit 
was measured using a radiometer (CROM-
ATEST 7041, Curing Radiometer, Germa-
ny). The recorded light intensity values 
were as follow; QTH–LCU (405 mW/ 
cm2), LED "Top light" (141 mW/cm2), 
LED "Ultradent"(400 mW/cm2), Table (1). 

Three kinds of commercially availab-
le light cured composite materials were 
used: Point 4™ (Kerr), Tetric (Vivadent) 
and Degufill mineral (Degussa) in addition 
to self etching primer bonding agent (Cle-
arfil), Table (2). The same shade (A2) was 
selected for all types of composite used in 
this study.  

Ninety sound upper premolars extrac-
ted for orthodontic reasons were collected, 
cleaned, polished and stored in distilled 
water, used in this study. Roots of teeth 
were cut and discarded, then each crown 
was embedded in self–cure acrylic resin 
(Major Repair 2, 10024 Moncalieri, Italy), 
within cylindrical plastic tube (2×2 cm) in 

such away that palatal and middle third 
were embedded within acrylic leaving the 
buccal third extruded out of acrylic and 
above the level of plastic ring rim to ena-
ble subsequent grinding, restorative mater-
ials application and testing. After that, 
Buccal surface of each tooth was grinded 
to remove buccal enamel and exposing de-
ntin at least 4 mm diameter at middle third 
of tooth using 600 grit abrasive carbide 
papers mounted on grinding wheel of rota-
ry pregrinder machine (Metaserv, Surry, 
England) with copious amount of water to 
create standardized dentin surface (18). 

Before application of the restorative 
materials, bonding agent applied according 
to manufacturer instructions and cured for 
20 seconds with the tip of curing unit be-
ing perpendicular on the buccal surface 
with distance of 1 mm that controlled by 
using Teflon spacer which was a Teflon 
plate of 2×4 cm and 1 mm thickness with a 
5 mm diameter hole at the center of the 
plate in order not to interfere with the light 
beam irradiating the 4 mm diameter of 
exposed dentin, on the other hand this 5 
mm hole was smaller than the tip of curing 
units, so keeping the tip constantly 1 mm 
distant from dentin. 

Samples were divided into 3 groups 
(30 samples for each group), then each 
group further subdivided into 3 subgroups 
(10 samples for each subgroup) and resto-
red according to following procedure:  

First subgroup of each group restored 
with Point 4™ composite, second subgro-
up of each group restored with Tetric com-
posite, and third subgroup of each group 
restored with Degufill mineral composite. 
Restorative materials applied by the aid of 
a Teflon split mold with cylindrical cavity 
of 4 mm in diameter and 3 mm thickness, 
which perfectly adjusted on the exposed 
dentin. Composite applied by two increm-
ents of 1.5 mm thickness for each, this 
procedure was guided by the thickness of 
split mold which is already composed of 
two layers of 1.5 mm for each layer as 
shown in Figure (1). 

Approximation of the two parts of 
first layer of the split mold over the 
exposed dentin will provide a cylindrical 
space of 4 mm diameter and 1.5 mm depth 
(Figure 1A). 
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 First composite increment applied 
and cured for 40 seconds, then two parts of 
second layer of split mold approximated to 
each other creating a cylindri-cal space of 
4mm diameter and 1.5 mm depth contin-
uous with the first space, at (Figure 1B). 
The second composite increment applied 
over the first one and cured for 40 seconds 
(as recommended by manufacturers). The 
three subgroups of first group cured by 
QTH–LCU, the three subgroups of second 
group cured by low intensity LED (Top 
light), and the three subgroups of third gr-
oup cured by the higher intensity LED 
(Ultradent). Then samples thermocycled in 
a water bath for 300 times at a temperature 
(5+ 2 – 55 + 2 °C) with a dwell time of 30 

seconds for each cycle,(19) then stored in 
tap water for 24 hours. After that the bond 
strength between tooth and composite was 
measured by using Universal Testing 
Machine (Soil Test Co. Inc., USA). The 
samples grasped by a holder that hold the 
plastic ring horizontally, so making the 
tooth–restoration interface vertical to the 
floor, then the interface between dentin su-
rface and the core of composite subjected 
to a load with stainless steel knife edge 
head at a cross head speed of 1 mm/ 
minute till failure occurred (Figure 2) (18). 
The loads required to produce failure were 
recorded, calculated and statistically ana-
lyzed. 
 

 
 

 

Table (1): Curing Units Used with Their Light Intensities. 
Curing Units Manufacturer Light Intensity

Astralis 5 Vivadent Est. FL–9494 Schaan, Austria 405 mW/cm2 
Top Light Hsin–Chuang City, Tiapei, Hsien, Taiwan 141 mW/cm2 
Ultradent 505 West 10200 South, South Jordan, Utah 84095 USA 400 mW/cm2 

 
 

Table (2): Restorative Materials Used in This Study. 
Materials Manufacturer Batch No. 
Point 4™ Kerr, Avenue, Orange, Ca 92867, USA 31580 

Tetric Vivadent, Schaan, Liechtenstein C24789 
Degufill mineral Degussa, Hüls AG, Hanau, Germany  0942 

Clearfil (SE Bond) Umeda, Kita–Ku. Kuraray, Osaka, Japan Lot 125 
No.= number  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure (1): A: Split mold at first composite increment application. 
B: Split mold at second composite increment application. 
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               A                                                    B  
Figure (2): The testing rod loading the composite core by Universal Testing Machine.  
  
    

RESULTS 
Mean and standard deviation of SBS 

for the tested groups were as listed in Tab-
le (3) and represented by a histogram with 
(Figure 3). 

The one–way analyses of variance 
(ANOVA) was performed to show if there 
are significant differences between groups, 
and its revealed that there are significant 
differences among groups at probability 
value of p < 0.05, as shown in Table (4). 

Duncan Multiple Range Test revealed 
that there are no significant differences in 
SBS among Point 4™, Tetric and Degufill 

mineral composite types that cured by the 
same LCU (no significant differences am-
ong subgroups belong to same group that 
cured by same LCU). But, there were sig-
nificant differences in SBS among groups 
that cured by different LCUs. The SBS of 
the three subgroups that cured by high 
intensity LED were significantly higher 
than all other subgroups. While the SBS of 
the three subgroups that cured by QTH–
LCU were significantly higher than those 
cured by low intensity LED, as shown in 
Table (5). 
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Figure (3): A histogram shows the means of SBS for the tested groups. 
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Table (3): Mean and Standard deviation of SBS for the tested groups. 
Type of LCU Type of Composite No. Mean (Kg) +SD 

QTH Point 4™ 10 15.8 2.6 
QTH Tetric 10 16.1 3.2 
QTH Degufill 10 15.4 1.3 

LED (Low Intensity) Point 4™ 10 9.9 2.2 
LED (Low Intensity) Tetric 10 9.8 2.6 
LED (Low Intensity) Degufill 10 10.7 2.2 
LED (high Intensity) Point 4™ 10 21.6 2.7 
LED (high Intensity) Tetric 10 22.3 3.1 
LED (high Intensity) Degufill 10 20.7 1.8 

No.= number of samples; SD= Standard Deviation. 
 

Table (4): One–way Analyses of Variance Test. 
 SS Df MS F–value Significance 

Between groups 1171.96 8 146.494 12.121 0.000* 
Within groups 543.87 45 12.086   

Total 1715.83 53    
* = Significant; SS= sum of squares; Df= degree of freedom; MS= mean square. 

 

Table (5): Duncan Multiple Range Test for the tested groups. 
Type of LCU Type of Composite Duncan Grouping* 

QTH  Point 4™ C 
QTH  Tetric C 
QTH  Degufill C 

LED (Low Intensity) Point 4™ B 
LED (Low Intensity) Tetric B 
LED (Low Intensity) Degufill B 
LED (high Intensity) Point 4™ A 
LED (high Intensity) Tetric A 
LED (high Intensity) Degufill A 

 * No significant differences in SBS among subgroups with the same letter. 
 

 
DISCUSSION 

The peak of absorption spectrum of 
the photo–initiator "camphoroquinone" us-
ed in light cured dental materials is within 
the wave length region from 400–500 nm. 
The most effective wavelength to activate 
polymerization of these materials is 470 
nm and the most effective wavelength ba-
nd is in the range 450–490 nm (20). The 
spectral output of LED units fall convenie-
ntly within this most effective wavelength 
range, so that no filter required for LED 
units. LEDs, therefore have the potential to 
activate the polymerization of dental com-
posites without the drawbacks associated 
with other types of light curing units(2, 10, 12). 

According to ISO standard (ISO TS 
10650, 1999), the acceptable range of light 
intensity in the range of 400–515 nm 
wavelength region is 300–1000 mW/cm2. 

These limit values are standardized for 
LCUs of halogen type but not for LED 
units. For LED units, the acceptable light 
intensities for the same range wavelength 
is less than 300 mW/cm2. According to 
this ISO standardization, intensities of 
QTH–LCU and both LED units used in 
this study are within the accepted values. 

Since color and translucency of com-
posite material affect depth of cure and 
some other mechanical properties, one 
shade was selected for all composite types 
(21, 22). Minimum depth of cure specified in 
the ISO standard for resin based filling 
materials (ISO 4049, 2000) was 1.5 mm, 
the depth of cure for all of the groups 
exposed to halogen light clearly specified 
this depth of cure requirement. Although 
light intensities in the range 400–515 nm 
wavelength regions for LED units were 
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less than the minimum value of 300 mW/ 
cm2 specified in ISO standard, the depth of 
cure exposed to LED units for at least 20 
seconds was in excess of 1.5 mm (4).  

The degree of polymerization in cross– 
linked polymeric matrix system plays a 
potentially significant role in determining 
the ultimate physical and mechanical prop-
erties of the material (13, 14, 23). Inadequate 
polymerization results in inferior physico–
mechanical properties (24–26).  

A linear relationship between light 
intensity and degree of conversion (15) and 
polymerization contraction has been dem-
onstrated (27). There is a concern that the 
rapid development of polymerization shri-
nkage stress, and strain may compromise 
the formation of an adequate adhesive 
bond at tooth–composite interface (17). This 
is clinically important because the integr-
ity of tooth–composite interface is rapidly 
challenged during the early phase of poly-
merization when the bond between the 
hard tissue and composite is still maturing. 
It has been pointed out that composite 
cured at lower power density has a better 
marginal adaptation. But adversely this pr-
ocedure led to inferior material physical 
properties. So, it is clearly appeared that 
higher light intensities has a privilege of 
improving the mechanical properties of 
resin composite in spite of the adverse 
effects of strain produced by high 
intensities (15).  

Actually, polymerization of resin 
composite is a process mediated by 
photons. Higher intensity mean larger nu-
mber of photons per unit time will be deli-
vered into composite activating the sens-
itive photo initiator complex which give 
rise to free radical polymerization cascade 
(28). In the current study, the SBS of QTH–
LCU and high intensity LED, both were 
significantly higher than that of low inten-
sity LED. This result indicated that increa-
sng light intensity result in improving the 
bond strength of resin composite to dentin. 
This result supported by findings of other 
studies (29–33). 

Temperature rise during polymerize-
tion and heating from radiation of LED 
LCUs was significantly lower than QTH–
LCUs (34). Its speculated that the higher 
radiation heat result in an additional ace-
leration of polymerization reaction and 

consequently produces faster increase in 
contraction strain (8, 16). Shrinkage continu-
es beyond the gel point and in constrained 
system, even at this early stage of 
conversion with the week polymeric net-
work structure plasticized by a large exce-
ss of free monomer, external stress can 
begin to be conducted to the bonded int-
erface (35).  

Ozturk et al.(36) noted that maximum 
temperature rise of adhesive resin was 
5.16 °C, while the temperature rise of resin 
composite was only 3.83 °C. these results 
indicate that the risk of pulpal damage and 
contraction strain due to elevated tempera-
ture should be taken into consideration 
during photo–polymerization of adhesive 
resins rather than resin composite. This 
may be related to the fact that with unfilled 
resin, there can be a significant exothermic 
temperature rise that accompanies the ra-
pid polymerization of clinically relevant 
specimen thickness. In dental composites, 
the heat rise during cure is moderated by 
the high proportion of inner filler included 
(8, 37).  

Studies showed that there were only 
minor differences in the composite mecha-
nical performance when polymerized with 
LED–LCUs that had half or less irradiance 
of QTH–LCUs (2, 10, 38). These findings not 
supporting the results of this study, as the 
SBS of QTH–LCU (405 mW/cm2) in this 
study was significantly higher than low 
intensity LED (141 mW/cm2). This may 
be due to fact that light intensities were 
much higher at those studies (QTH=755 
mW/cm2 and LED=350 mW/cm2) (2) 
compared with this study. This very high 
light intensity of QTH–LCU will result in 
excessive temperature rise and subsequent 
polymerization shrinkage and contraction 
strain namely during bonding material 
curing and composite polymerization as 
well, and this will compromising the 
bonding quality at tooth–composite interf-
ace and this effect counteracting the higher 
degree of conversion and improvement of 
mechanical properties of increased light 
intensity and resulting in SBS comparable 
to LEDs with lower intensity, as most of 
the narrower spectral output of LEDs of 
440 to 490 nm fall within campho-
roquinone absorption spectrum (2, 12). 
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However, under the conditions of this 
study LED provides better SBS compared 
with QTH–LCU that has the same light 
intensity. 

A reasonable explanation for this 
event is that the halogen lamp is more 
efficient in the red and infrared light and is 
only slightly energetic in the zone of CQ 
absorption of maximum at 470 nm. It is 
common knowledge that red light pro-
duces more heat than violet light. This 
results in temperature rise without signify-
cant polymerization improvement, while 
narrow spectrum wavelength of LEDs 
(about 470 nm) don’t cause a rise in temp-
erature compared with halogen lamp light, 
and this narrow spectrum also absorbed 
more efficiently by CQ that not absorb 
wave length out of range between 430–500 
nm (7, 8, 10, 39). Over 80% of the total energy 
of the halogen lamp were outside the 
useful curing range. Most of the energy 
was removed by the interference filter 
used, only a small fraction of light do actu-
ally cure the resin. In contrast 100% of the 
light emitted by blue LED lies within the 
spectrum that can be used to cure resin (9). 

 
CONCLUSIONS 

The shear bond strength of resin com-
posite bonded to dentin is directly propor-
tional with the curing light intensity. The 
higher shear bond strength obtained by 
LEDs compared with equivalent intensity 
QTH–LCUs. Finally the type of resin co-
mposite doesn’t play important role in she-
ar bond strength when cured by the same 
light curing unit. 
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