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Abstract

Introduction: One factor affecting the degree of polymerization is the type of light-curing device.
The aim of this study was to compare the effects of LED and QTH light curing units on the surface
hardness of composite and compomer.

Materials &Methods: In this experimental study, 30 samples of composite and compomer were
divided into 3 groups of 10 each. One-half of the subgroups in each group were cured with LED
and the other half with Halogen light curing units (LCUs). 49 points on the surface were marked
and then the hardness of these points was measured by using Vickers hardness test.

Results: The mean hardness of composites cured by using LED was more than the Halogen group
but in compomer it was reversed and this difference was statistically significant (p<0.001). Z 250
composite had the highest level of hardness and the lowest hardness was related to the Heliomolar
composite and had significant difference (p<0.001).

Conclusion: In the present study, the results indicated that LED light curing unit had great effect
on the hardness of composites but in compomer, the QTH showed a better result.
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Introduction

here has been a rapid development of new
adhesive restorative materials that can restore the color
and features of natural teeth. ™2 Light-cured resin
composites have been widely used because they are
conservative and more esthetic technique and have
many advantages in comparison with self-cure
composites. ™ 4 For acceptable treatment in children,
different restorative materials made in different colors
called compomers are widely used for primary teeth.
B8 Compomers are composites with some glass
ionomer components. Most of them are light cured
materials so it is very easy to use them and they
become popular, because their functional properties are
desirable and have some advantages as ability to
release fluoride, minimum steps required to place and
esthetic as composites. Colored compomers can be
produced by adding a small amount of glitter particles
(mainly silicates form kali) to conventional compomers
to produce materials with pink, green, blue, silver,
lemon and gold shades.["? Because of the color and the
attractiveness of compomers, the children are

Caspian J Dent Res-March 2015, 4(1): 23-29

encouraged to cooperate more and make it possible to
choose different colors during the treatment and have
less stress, fear and impatience.*®! The majority of
dental equipment that can be caused esthetic
restorations is light curing units. Today, there are four
main sources for polymerization of light composites:
Quartz-tungsten-halogen (QTH), Plasma Arc (PAC),
L/ight emitting diode (LED), Argon ion laser. Each of
them has some advantages and disadvantages that can
affect the degree of polymerization of light resin
composite.™ & ! The most common light curing units,
which are used for the polymerization of resin
composites, are Halogen units and their output light
intensity is 400_800mw/cm2. Despite the low costs,
there are some disadvantages: limited curing depth,
long curing time and the output light intensity
decreases with time. It seems that the degree of
polymerization can be improved with increasing light
intensity. Therefore, light units with high intensity
were introduced such as argon ion laser with a light
intensity output up to 2000mw/cmz2.It was reported that
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it speeded up polymerization but caused high
temperature on the tip of the light curing unit.[1%

Due to these limitations, some studies have been
assessed using the LED. Light intensity output of
previous LED has been about 300mw/cm2, but the new
models of LED have high light output intensity. LED
lamps have the most photo-polymerization effect.
LEDs need lower energy consumption in comparison
to QTH and they do not need any external cooling part,
thousand-hour shelf life without decreasing light
intensity, smaller units, wireless mode and less heat.
According to the mentioned advantages, today LED
light curing units are widely accepted. ™ **!

There are several methods for evaluating the
hardness of composite resin and the most common is
Vickers microhardness device that is an indirect
method to determine the degree of monomer
conversion and composite polymerization.

Since the physical and mechanical properties of
composites are related to the amount of polymerization
and the researchers always face to new composites and
colored compomers that are already entered and no
study has been done to assess the amount of their
surface hardness yet, so in this study, the researchers
want to consider the effects of different light curing
units on the amount of surface hardness of composites
and compomers and compare them.

Methods
Two types of resin composites with high [filtek Z

250 (3M, USA) (group 1)] and low [Heliomolar
(colten, Germany) (group 2)] surface hardness ™! with

Twinky star compomer (Voco_Germany) (group 3)
with silver shade and two light curing units: LED
valo(ultradent, USA) and Astralis 7 QTH (ivocolar
vivadent , Austria) (table 1,2) were compared in this
experimental study . Composites had A2 shade.

30 samples were prepared for three of ten-sample
groups. All the samples were placed in the Teflon
molds with length and width of 4mm and thickness of
1mm.The samples were protected to prevent air as they
impact at both sides of the mold with a glass slide and
the pressure was applied to extrude the excess material.
Jig molds were made from putty to ensure perfect
positioning and pick up. In each group of composites
and compomers, 5 samples were cured by Astralis 7
QTH (ivocolar vivadent, Austria) and 5 samples were
also cured using LED valo (ultradent, USA). The
exposure times were chosen for QTH 40s and LED 20s
based on the manufacturers' recommendations. A
halogen with an output irradiance of 400 mw/cm?2and
LED with 800 mw/cm? were used for curing process.
Then the samples were stored for 24 hours in a dark
place, water and room temperature for the completion
of polymerization. All samples were placed in the acryl
and mounted. The surface of the materials was
polished using a 400, 800, 1000, 1500, 2000, 2500 grit
silicon carbide paper. The microhardness of the surface
in 49 points with intervals of 0.5mm was determined
by using Vickers microhardness device that the load
used was 500 gram for 10 second (figure 1). The data
were statistically analyzed using SPSS 20 software test
and one-way ANOVA, two-way analysis of variance
and multiple comparisons Scheffe. The level of
significance was considered p<0.05.

Tablel. Utilized light curing units

Light curing unit

LED VALO (ultradent USA)

Intensity Time Energy output
(mw/cm?)  (second) (mj/cm?)

Table2. Utilized materials

Product name Manufacturer

Compomer twinky star ~ VOCO, Cuxhaven, Germany

25

BisGMA, BHT, TEGDMA, durethane, dimethacrylate

Composition

silver
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Figurel. The schematic image of pointing method to
measure the hardness of places is defined in 49

points with intervals of 0.5 mm.
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Results

Two-way analysis of variance showed that the
hardness of two units, 3 types of materials and different
materials in different units had significant difference at
the level of 0=0.05 (Table 3). One-way (ANOVA) test
also showed that Z250 composite had significantly the
highest hardness and Heliomolar composite had the
lowest hardness (figure 2).

According to the type of units, LED significantly
showed higher hardness in Z250 composite and
Heliomolar composite compared to QTH, but this
result was reversed in the Twinky star compomer
(figure 2).

Table3. Comparison the amount of hardness of different materials in different units

P value Twinky star

Heliomolar

Composite/unit

<0.001 (c) (b)

@ QTH

1232.214+163.5166 740.765+152.4801 1578.867+311.6296

= The different letters in each row indicate the significant difference in 0.05

= The numbers in the table are Mean+SD

N
"

QTH Twinky star

QTH Heliomolar

QTH Z 250

LED Twinky star

LED Heliomolar

LED Z 250

1700-1900 - 1100-1300 I:I 500-700 l:l
1500-2100 - 1300-1500 - 700-900 l:l
1500-1700 - 00-1100 I:I

Figure2. The color schematic image consider the hardness of Composites and Compomers.
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Discussion

The result showed the significant difference in the
hardness of two units, three materials and different
materials in different units. Hardness is defined as the
resistance to permanent indentation which correlates
with the degree of monomer conversion. ! The lower
degree of monomer conversion corresponds to the
inferior mechanical properties of material *"! and there
are different techniques to evaluate it.  Vickers
microhardness device was used in this study.

In current study, LED light curing unit produced
greater hardness in group 1 and group 2 than QTH, but
it was reversed in group 3. According to the studies of
Safarcherati et al in 2009™® and Vaezi in 2012 and
Yaman et al in 2011%% on the hardness of composites
by LED and QTH light curing units, there was a
significant difference between these two units which
was similar to the results of the present study.

By considering the proximity of emitted wave
spectrum of LED to the absorbing spectrum of
comphorquinone, LED can produce higher hardness
than QTH. The most common initiator used in light
cure composite materials is comphorquinone that its
absorbing spectrum is around 468nm, but it is possible
to use the other photo initiators in composites activated
in lower wave spectrum.

In the current study, the hardness of composites
was higher when they were cured with LED than QTH,
which was in contrast to the results of Polydorou et al.
in 2008 .They related the better result of QTH to the
noticeable heat produced by using light unit. "% Okte
et al. in 2005 reported that there was no significant
difference between LED and QTH light curing units on
hardness of two compomers in 40 seconds which was
different from the outcomes of this study. They found
that it might be due to the LED properties and material
type. *®1 Because of high intensity of LED light output
compared to the QTH in this article, some components
of compomer may not completely polymerized due to
the activation at lower wavelengths therefore they
caused the lower hardness.

Group 1 and group 2 had the highest and lowest
surface hardness, respectively in this study that was in
accordance with the study carried out by Price et al. in
2009.21 The hardness of composites is certainly related
to their composition. Since the Z250 composite was
microhybrid and had a comphorquinone and high
percentage of filler, it seemed that these led to more
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hardness. Heliomolar composite is microfill with high
radiopacity thus light scattering occurs and the
reduction in the intensity of the light beam can reduce
the hardness of this composite. ?22*]

Koupis et al. in 2006 evaluated the relative curing
degree of polyacid-modified and conventional resin
composite, they found that the compomer had less
hardness than Z 250 composite which was similar to
our finding. They related it to the type of materials.
Hybrid resin composites have higher light transmission
coefficient and hence they have a greater curing degree
compared to microfilled resin composite, also
compomers consist of some additional specific
monomers and a rather easily degradable (usually
opaque) aluminosilica glass. It is expected that these
modifications can affect the curing degree of
compomers compared to conventional  resin
composites. ! According to Hwang et al. in 2007, the
transmittance spectral distribution can be influenced by
the glittering effect. Glittering components contain
irregular shapes and sizes that can reduce the hardness
of material, so they can reduce the hardness of
compomer, too. [

The color of compomer can also affect light
transmission with the degree of polymerization
conversion. Koupis et al. in 2006 reported that the
darker color reduces the degree of curing material, so it
can be effective in the reduction of compomers'
hardness. It is obvious that this statement needs more
investigation. %! Different factors such as light source
intensity, wavelength, exposure duration, size and type
and content of fillers, location and orientation of the tip
of the source and color have influence on
polymerization of the light curing material. 1*°!

Because compomer is a new material and no study
has been done on its surface hardness, it seems that the
causes of its difference with the composites studied in
this article, considering the identical exposure time and
color of the material were the factors mentioned above
that had affected its polymerization. In our study,
compomer cured with QTH had high hardness than
LED. By considering the disadvantages of QTH, it
requires further studies.

Conclusion

The hardness of compomer is lower than that of Z
250 composite, but on the other hand, the compomer
has variety of different colors and brightness and more
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hardness than Heliomolar composite. It can be said that
compomer may be a useful material for the restoration
of primary teeth in children. LED light cure unit had
the greatest impact on the surface hardness of
composite. Although QTH in compomer had better
results, further studies are needed.

Acknowledgments
We would like to thank Dr. Evangeline Foronda
for the English editing.

Funding: This study was a part of thesis and research
project (Grant N0:923648) which was supported and
funded by Babol University of Medical Sciences.
Conflict of interest: There was no conflict of interest.

References

1.Rode KM, de Freitas PM, Lloret PR, Powell LG,
Turbino ML. Micro-hardness evaluation of a
micro-hybrid composite resin light cured with
halogen light, light-emitting diode and argon ion
laser. Lasers Med Sci. 2009; 24:87-92.

2.Krémer N, Lohbauer U, Garcia-Godoy F,
Frankenberger R. Light curing of resin-based
composites in the LED era. Am J Dent 2008;
21:135-42.

3.Rahiotis C, Kakaboura A, Loukidis M,
Vougiouklakis G. Curing efficiency of various
types of light-curing units. Eur J Oral Sci 2004;
112:89-94.

4.Aravamudhan K, Floyd CJ, Rakowski D, Flaim G,
Dickens SH, Eichmiller FC, et al. Light-emitting
diode curing light irradiance and polymerization of
resin-based composite. J Am Dent Assoc 2006;
137:213-23.

5. Atabek D, Bodur H, Kalayci S, Baygin O, Tirali E.
Conversion degrees of a colored compomer in
different colors utilized by various curing times. J
Dent Child (Chic) 2011; 78:83-7.

6. Castro A, Feigal RE. Microleakage of a new
improved glass ionomer restorative material in
primary and permanent teeth. Pediatr Dent 2002;
24:23-8.

7. Hwang SW, Kwon TY, Kim KH, Kwon YH, Kim
HL, Lee JB.Optical,mechanical and chemical

Caspian J Dent Res-March 2015, 4(1): 23-29

Khodadadi E, et al.

properties of colored compomer.Biomed Res
2007;11:36-42

8. Ceballos L, Fuentes MV, Tafalla H, Martinez A,
Flores J, Rodriguez J. Curing effectiveness of resin
composites at different exposure times using LED
and halogen units. Med Oral Patol Oral Cir Bucal
2009; 14: 51-6.

9. Price RB, Fahey J, Felix CM. Knoop microhardness
mapping used to compare the efficacy of LED,
QTH and PAC curing lights. Oper Dent 2010;
35:58-68.

10. Polydorou O, Manolakis A, Hellwig E, Hahn P.
Evaluation of the curing depth of two translucent
composite materials using a halogen and two LED
curing units. Clin Oral Investig 2008; 12:45-51.

11. Leonard DL, Charlton DG, Roberts HW, Cohen
ME. Polymerization efficiency of LED curing
lights. J Esthet Restor Dent 2002; 14:286-95.

12. Correr AB, Sinhoreti MA, Sobrinho LC, Tango
RN, Schneider LF, Consani S. Effect of the
increase of energy density on Knoop hardness of
dental composites light-cured by conventional
QTH, LED and xenon plasma arc. Braz Dent J
2005; 16:218-24

13. Hubbezoglu I, Bolayir G, Dogan OM, Dogan A,
Ozer A, Bek B. Microhardness evaluation of resin
composites polymerized by three different light
sources. Dent Mater J 2007; 26:845-53.

14. Torno V, Soares P, Martin JM, Mazur RF, Souza
EM, Vieira S. Effects of irradiance, wavelength,
and thermal emission of different light curing units
on the Knoop and Vickers hardness of a composite
resin. J Biomed Mater Res B Appl Biomater 2008;
85:166-71.

15. Zarenezhad N.Comparison of in-depth hardness of
composites cured with LED and QTH units [DDS
thesis]. Babol: Babol University of Medical
Sciences; 2013.[In Persian]

16. Okte Z, Villalta P, Garcia-Godoy F, Garcia-Godoy
F J, Murray P. Effect of curing time and light
curing systems on the surface hardness of
compomers. Oper Dent 2005; 30:540-5.

17. Uhl A, Mills RW, Jandt KD. Photoinitiator
dependent composite depth of cure and Knoop
hardness with halogen and LED light curing units.
Biomaterials 2003; 24:1787-95.

18. Safarcherati H,Alaghehmand H. Comparative
evaluation of hardness dental composite

28


http://www.ncbi.nlm.nih.gov/pubmed?term=Rode%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=18058187
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Freitas%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=18058187
http://www.ncbi.nlm.nih.gov/pubmed?term=Lloret%20PR%5BAuthor%5D&cauthor=true&cauthor_uid=18058187
http://www.ncbi.nlm.nih.gov/pubmed?term=Powell%20LG%5BAuthor%5D&cauthor=true&cauthor_uid=18058187
http://www.ncbi.nlm.nih.gov/pubmed?term=Turbino%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=18058187
http://www.ncbi.nlm.nih.gov/pubmed/18058187
http://www.ncbi.nlm.nih.gov/pubmed?term=Kr%C3%A4mer%20N%5BAuthor%5D&cauthor=true&cauthor_uid=18686762
http://www.ncbi.nlm.nih.gov/pubmed?term=Lohbauer%20U%5BAuthor%5D&cauthor=true&cauthor_uid=18686762
http://www.ncbi.nlm.nih.gov/pubmed?term=Garc%C3%ADa-Godoy%20F%5BAuthor%5D&cauthor=true&cauthor_uid=18686762
http://www.ncbi.nlm.nih.gov/pubmed?term=Frankenberger%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18686762
http://www.ncbi.nlm.nih.gov/pubmed/?term=Light+curing+of+resin-based+composites+in+the+LED+era
http://www.ncbi.nlm.nih.gov/pubmed?term=Rahiotis%20C%5BAuthor%5D&cauthor=true&cauthor_uid=14871199
http://www.ncbi.nlm.nih.gov/pubmed?term=Kakaboura%20A%5BAuthor%5D&cauthor=true&cauthor_uid=14871199
http://www.ncbi.nlm.nih.gov/pubmed?term=Loukidis%20M%5BAuthor%5D&cauthor=true&cauthor_uid=14871199
http://www.ncbi.nlm.nih.gov/pubmed?term=Vougiouklakis%20G%5BAuthor%5D&cauthor=true&cauthor_uid=14871199
http://www.ncbi.nlm.nih.gov/pubmed/14871199
http://www.ncbi.nlm.nih.gov/pubmed?term=Aravamudhan%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16521388
http://www.ncbi.nlm.nih.gov/pubmed?term=Floyd%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=16521388
http://www.ncbi.nlm.nih.gov/pubmed?term=Rakowski%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16521388
http://www.ncbi.nlm.nih.gov/pubmed?term=Flaim%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16521388
http://www.ncbi.nlm.nih.gov/pubmed?term=Dickens%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=16521388
http://www.ncbi.nlm.nih.gov/pubmed?term=Eichmiller%20FC%5BAuthor%5D&cauthor=true&cauthor_uid=16521388
http://www.ncbi.nlm.nih.gov/pubmed?term=Fan%20PL%5BAuthor%5D&cauthor=true&cauthor_uid=16521388
http://www.ncbi.nlm.nih.gov/pubmed/16521388
http://www.ncbi.nlm.nih.gov/pubmed?term=Atabek%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22041112
http://www.ncbi.nlm.nih.gov/pubmed?term=Bodur%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22041112
http://www.ncbi.nlm.nih.gov/pubmed?term=Kalayci%20%C5%9E%5BAuthor%5D&cauthor=true&cauthor_uid=22041112
http://www.ncbi.nlm.nih.gov/pubmed?term=Baygin%20%C3%96%5BAuthor%5D&cauthor=true&cauthor_uid=22041112
http://www.ncbi.nlm.nih.gov/pubmed?term=Tirali%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22041112
http://www.ncbi.nlm.nih.gov/pubmed/?term=Conversion+degrees+of+a+colored+compomer+in+different+colors+utilized+by+various+curing+times
http://www.ncbi.nlm.nih.gov/pubmed/?term=Conversion+degrees+of+a+colored+compomer+in+different+colors+utilized+by+various+curing+times
http://www.ncbi.nlm.nih.gov/pubmed?term=Castro%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11874054
http://www.ncbi.nlm.nih.gov/pubmed?term=Feigal%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=11874054
http://www.ncbi.nlm.nih.gov/pubmed/?term=microleakage+of+a+new+improved+glass+ionomer+restorative+material+in+primary+and+permanent+teeth
http://www.ncbi.nlm.nih.gov/pubmed?term=Ceballos%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19114957
http://www.ncbi.nlm.nih.gov/pubmed?term=Fuentes%20MV%5BAuthor%5D&cauthor=true&cauthor_uid=19114957
http://www.ncbi.nlm.nih.gov/pubmed?term=Tafalla%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19114957
http://www.ncbi.nlm.nih.gov/pubmed?term=Mart%C3%ADnez%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19114957
http://www.ncbi.nlm.nih.gov/pubmed?term=Flores%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19114957
http://www.ncbi.nlm.nih.gov/pubmed?term=Rodr%C3%ADguez%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19114957
http://www.ncbi.nlm.nih.gov/pubmed/19114957
http://www.ncbi.nlm.nih.gov/pubmed?term=Price%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=20166412
http://www.ncbi.nlm.nih.gov/pubmed?term=Fahey%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20166412
http://www.ncbi.nlm.nih.gov/pubmed?term=Felix%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=20166412
http://www.ncbi.nlm.nih.gov/pubmed/?term=.knoop+microhardness+mapping+used+to+compare+the+efficacy+of+LED%2CQTH+and+PAC+curing+lights
http://www.ncbi.nlm.nih.gov/pubmed?term=Polydorou%20O%5BAuthor%5D&cauthor=true&cauthor_uid=17960434
http://www.ncbi.nlm.nih.gov/pubmed?term=Manolakis%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17960434
http://www.ncbi.nlm.nih.gov/pubmed?term=Hellwig%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17960434
http://www.ncbi.nlm.nih.gov/pubmed?term=Hahn%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17960434
http://www.ncbi.nlm.nih.gov/pubmed/?term=Evaluation+of+the+curing+depth+of+two+translucent+composite+materials+using+a+halogen+and+two+LED+curing+units
http://www.ncbi.nlm.nih.gov/pubmed?term=Leonard%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=12405584
http://www.ncbi.nlm.nih.gov/pubmed?term=Charlton%20DG%5BAuthor%5D&cauthor=true&cauthor_uid=12405584
http://www.ncbi.nlm.nih.gov/pubmed?term=Roberts%20HW%5BAuthor%5D&cauthor=true&cauthor_uid=12405584
http://www.ncbi.nlm.nih.gov/pubmed?term=Cohen%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=12405584
http://www.ncbi.nlm.nih.gov/pubmed?term=Cohen%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=12405584
http://www.ncbi.nlm.nih.gov/pubmed/12405584
http://www.ncbi.nlm.nih.gov/pubmed?term=Correr%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=16429188
http://www.ncbi.nlm.nih.gov/pubmed?term=Sinhoreti%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=16429188
http://www.ncbi.nlm.nih.gov/pubmed?term=Sobrinho%20LC%5BAuthor%5D&cauthor=true&cauthor_uid=16429188
http://www.ncbi.nlm.nih.gov/pubmed?term=Tango%20RN%5BAuthor%5D&cauthor=true&cauthor_uid=16429188
http://www.ncbi.nlm.nih.gov/pubmed?term=Tango%20RN%5BAuthor%5D&cauthor=true&cauthor_uid=16429188
http://www.ncbi.nlm.nih.gov/pubmed?term=Schneider%20LF%5BAuthor%5D&cauthor=true&cauthor_uid=16429188
http://www.ncbi.nlm.nih.gov/pubmed?term=Consani%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16429188
http://www.ncbi.nlm.nih.gov/pubmed/18203490
http://www.ncbi.nlm.nih.gov/pubmed?term=Torno%20V%5BAuthor%5D&cauthor=true&cauthor_uid=17853418
http://www.ncbi.nlm.nih.gov/pubmed?term=Soares%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17853418
http://www.ncbi.nlm.nih.gov/pubmed?term=Martin%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=17853418
http://www.ncbi.nlm.nih.gov/pubmed?term=Mazur%20RF%5BAuthor%5D&cauthor=true&cauthor_uid=17853418
http://www.ncbi.nlm.nih.gov/pubmed?term=Souza%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=17853418
http://www.ncbi.nlm.nih.gov/pubmed?term=Souza%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=17853418
http://www.ncbi.nlm.nih.gov/pubmed?term=Vieira%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17853418
http://www.ncbi.nlm.nih.gov/pubmed/?term=effects+of+irradiance%2Cwavelength+thermal+emission+of+different+light+curing+unitson+the+knoop+and+vickers+hardness
http://www.ncbi.nlm.nih.gov/pubmed?term=Okte%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=16130877
http://www.ncbi.nlm.nih.gov/pubmed?term=Villalta%20P%5BAuthor%5D&cauthor=true&cauthor_uid=16130877
http://www.ncbi.nlm.nih.gov/pubmed?term=Garcia-Godoy%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16130877
http://www.ncbi.nlm.nih.gov/pubmed?term=Garcia-Godoy%20F%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=16130877
http://www.ncbi.nlm.nih.gov/pubmed?term=Garcia-Godoy%20F%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=16130877
http://www.ncbi.nlm.nih.gov/pubmed?term=Murray%20P%5BAuthor%5D&cauthor=true&cauthor_uid=16130877
http://www.ncbi.nlm.nih.gov/pubmed/16130877
http://www.ncbi.nlm.nih.gov/pubmed?term=Uhl%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12593961
http://www.ncbi.nlm.nih.gov/pubmed?term=Mills%20RW%5BAuthor%5D&cauthor=true&cauthor_uid=12593961
http://www.ncbi.nlm.nih.gov/pubmed?term=Jandt%20KD%5BAuthor%5D&cauthor=true&cauthor_uid=12593961
http://www.ncbi.nlm.nih.gov/pubmed/?term=photoinitiator+dependent+compositedepth+of+cure+and+knoop+hardness+with+halogen+and+led
http://dx.doi.org/10.22088/cjdr.4.1.23
https://dor.isc.ac/dor/20.1001.1.22519890.2015.4.1.4.1
http://cjdr.ir/article-1-133-fa.html

[ Downloaded from cjdr.ir on 2025-11-04 ]

[ DOR: 20.1001.1.22519890.2015.4.1.4.1 ]

[ DOI: 10.22088/cjdr.4.1.23 ]

Comparison of light curing units on surface hardness

19.

polymerized with LED and Halogen Light Curing
units. J Dent Babol Univ Med Sci 2008; 1:24-9.[In
Persian]

Vaezi A. A comparative study of the amount of
polymerized composites with LED and QTH light
curing units[DDS thesis]. Babol: Babol University
of Medical Sciences; 2012.[In persian]

20. Yaman BC, Efes BG, Dorter C, Gémeg Y, Erdilek

21.

29

D, Buytkgokcesu S. The effects of halogen and
light-emitting diode light curing on the depth of
cure and surface microhardness of composite
resins. J Conserv Dent 2011;14:136-9.

Price RB, Felix CA. Effect of delivering light in
specific narrow bandwidths from 394 to 515nm on

22.

the micro-hardness of resin composites. Dent
Mater 2009; 25:899-908.

Sakaguchi RL, Powers JM. Craig’s restorative
dental materials. 13" ed. Philadelphia: Elsevier
Mosby; 2012.p.178-81.

23. Heymann HO, Swift EJ Jr, Ritter AV. Sturdevant's

24,

Art and Science of Operative Dentistry.6™ ed. St
Louis: Moshy; 2013.p.218-22.

Koupis NS, Martens LC, Verbeeck RM. Relative
curing degree of polyacid-modified and
conventional resin composites determined by
surface Knoop hardness. Dent Mater  2006;
22:1045-50.

Caspian J Dent Res- March 2015, 4(1): 23-29


http://www.ncbi.nlm.nih.gov/pubmed?term=Yaman%20BC%5BAuthor%5D&cauthor=true&cauthor_uid=21814353
http://www.ncbi.nlm.nih.gov/pubmed?term=Efes%20BG%5BAuthor%5D&cauthor=true&cauthor_uid=21814353
http://www.ncbi.nlm.nih.gov/pubmed?term=D%C3%B6rter%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21814353
http://www.ncbi.nlm.nih.gov/pubmed?term=G%C3%B6me%C3%A7%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21814353
http://www.ncbi.nlm.nih.gov/pubmed?term=Erdilek%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21814353
http://www.ncbi.nlm.nih.gov/pubmed?term=Erdilek%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21814353
http://www.ncbi.nlm.nih.gov/pubmed?term=B%C3%BCy%C3%BCkg%C3%B6k%C3%A7esu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21814353
http://www.ncbi.nlm.nih.gov/pubmed/21814353
http://www.ncbi.nlm.nih.gov/pubmed?term=Price%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=19243817
http://www.ncbi.nlm.nih.gov/pubmed?term=Felix%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=19243817
http://www.ncbi.nlm.nih.gov/pubmed/?term=.Effect+of+delivering+light+in+specific+narrow+bandwidths+from+394+to+515nm+om+the+microhardness+of+resin+composites
http://www.ncbi.nlm.nih.gov/pubmed/?term=.Effect+of+delivering+light+in+specific+narrow+bandwidths+from+394+to+515nm+om+the+microhardness+of+resin+composites
http://www.ncbi.nlm.nih.gov/pubmed?term=Koupis%20NS%5BAuthor%5D&cauthor=true&cauthor_uid=16388844
http://www.ncbi.nlm.nih.gov/pubmed?term=Martens%20LC%5BAuthor%5D&cauthor=true&cauthor_uid=16388844
http://www.ncbi.nlm.nih.gov/pubmed?term=Verbeeck%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=16388844
http://www.ncbi.nlm.nih.gov/pubmed/?term=Relative+curing+degree+of+polyacid_modified+and+conventional+resin+composites+determined+by+surface+knoop+hardness
http://dx.doi.org/10.22088/cjdr.4.1.23
https://dor.isc.ac/dor/20.1001.1.22519890.2015.4.1.4.1
http://cjdr.ir/article-1-133-fa.html
http://www.tcpdf.org

