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DEPTH OF CURE OF BULK-FILL RESIN COMPOSITES WITH
DIFFERENT PHOTO-INITIATOR SYSTEMS CURED BY MONOWAVE
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ABSTRACT

Objective: To evaluate depth of cure (DOC) of bulk-fill resin-based composites (BFRBCs)
with various photo-initiators cured by monowave and polywave light curing units (LCUs).

Methods: Two commercially available BFRBCs were used; Filtek One Bulk Fill Restorative
(3M ESPE) (FOBF) which contains Camphorquinone (CQ) photo-initiator system only and Tetric
N-Ceram Bulk Fill (Ivoclar Vivadent AG) (TNBF) which contain CQ and Ivocerin photo-initiator
systems. LCUs utilized were two light-emitting diodes (LED) LCUs; a monowave LED LCU
(BlueLEX LD-105, Monitex Industrial CO) and a polywave LED LCU (Twin Wave GT-2000,
Monitex Industrial CO). Twenty cylindrical specimens (4 mm diameter and 10 mm thickness)
were prepared from each BFRBC. Ten specimens light cured by monowave LCU and the other
ten specimens cured by polywave LCU according to the manufacturer’s recommendations (n=10).
The International Organization for Standardization (ISO) 4049 method (Scraping test technique)
was used to assess DOC. Statistical analysis was performed using two -way ANOVA and Tukey’s
post-hoc tests (p< 0.05).

Results: There were no statistically significant differences in DOC between LCUs within
each BFRBC (p> 0.05). However, there was a statistically significant difference in DOC between
composite types within each LCU (p< 0.05), and there was no interaction between them (p> 0.05).
FOBF with CQ photo-initiator system only showed particularly high DOC mean values.

Conclusion: When a BFRBC has a variety of photo-initiators, the type of LCU has no effect
on DOC. BFRBC with Ivocerin photo-initiator has lower DOC as ivocerin needs shorter violet
wavelength which is scattered by filler particles.

KEY WORDS: Bulk-fill resin-based composites, Depth of cure, Light curing units, Photo-
initiators.
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INTRODUCTION

Resin-based Composites (RBCs) are currently
the most used restorative material because of its
good cosmetic qualities and potential for adhesion
to teeth, which leads to less invasive cavity
preparations.®® Compared to the majority of other
restorative materials, it is distinguished by having
a high compressive strength.” The components
of modern RBCs are: an organic resin matrix
containing polymeric chains and cross-linking
agents, inorganic fillers, a silane coupling agent, an
initiator system for free radical polymerization, and
stabilizers to increase storage stability.”2-2!

Photo-polymerization is the term used to describe
a process in which polymerization is initiated by a
physical medium, such as light.>> Camphorquinone
(CQ) and its co-initiator tertiary amines have been
the most widely used photo-initiator system in
dental RBCs.?>* CQ is classified as a Norrish type II
photo-initiator since it requires a reducing agent to
react successfully in order to produce free radicals

to start the polymerization process.'*

CQ is cured by conventional light cure units,
and the effective wavelength range to activate it
has been observed to be between 410 nm and 500
nm, with a peak wavelength of 470 nm.!** CQ has
a chromatic group in its molecular structure that
makes it photoactive but also gives the substance
its intense yellow hue.* This yellow color affect the
restoration’s absolute beauty.'®

In order to replace CQ or act synergistically
with it CQ, researchers have explored a variety
of photo-initiators in the organic matrix.® When
enough energy at the right wavelength is provided,
alternative photo-initiators like Lucirin TPO and
benzoyl germanium decompose directly into one
or more free radicals.** They initiate by cleaving,
which eliminates the need for a co-initiator.”

These alternative initiators are typically

sensitive to ultraviolet or violet light or light with
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a wavelength of 380 to 410 nm." However, the
common commercially available light emitting
diode (LED) LCUs have an emission spectrum that
matches for the CQ’s peak absorption wavelength.*
Due to the low spectrum sensitivity, the alternative
initiators may not work with the widely used
monowave LCUs.'* There are several light curing
units (LCUs) available based on various physical
principles, including lasers, plasma arc lamps,
quartz-tungsten-halogen (QTH) bulbs, and light
emitting diodes (LEDs).*"® The development of
LED LCUs with multiple diodes, which offer a
wider range of output wavelengths necessary to
coincide with the absorption of CQ and alternative
photo-initiator systems, is an advantage of materials
that use short wavelengths.?’

The incremental application method is a wide-
ly used methodology for applying conventional
light activated composites to lessen polymeriza-
tion stress.** On the other hand, RBCs layering
techniques and numerous curing steps take a lot of
time.'>% BFRBCs materials were created to make
the application of RBCs simpler.* The improved
depth of cure in BFRBCs was achieved by enhanc-
ing the materials’ translucency, which is how it dif-
fers from typical RBCs." This Enhancement is ac-
complished by utilizing novel photo-initiators, more
photo-initiator content special resins, unique fillers,
specific modulators and filler distribution.'>*? CQ,
phosphine oxide and a germanium-based photo-ini-
tiator as Ivocerin are used to create BFRBCs, which
are designed for use in increments up to 4 mm.*

DOC has been described as the depth at which the
resin matrix transforms from a glassy to a rubbery
condition and is used to assess the extent to which
RBCs of various thicknesses can be polymerized
during light curing.” DOC are important parameter
to evaluate the ultimate biological, mechanical, and
physical characteristics of RBCs.*-3¢

It is crucial to analyze the DOC of light-cured
RBCs since a variety of factors hinder RBCs
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from achieving adequate photo-polymerization
at depth,'® such as a mismatch between the curing
light emission spectrum and the requirements of
the RBC’s photo-initiators.>* LCUs are frequently
ignored, however they can affect the depth of cure
in RBCs.! The top and bottom hardness ratio, top
and bottom degree of conversion ratio, removal of
the uncured polymer from the sample with solvents,
and manual scraping (SCR) (ISO 4049 standard)
of the uncured material are several methods that
have been suggested to measure the DOC.® A
simple method has been described in the ISO 4049
4 standard and is based on a measurement with
micrometer of the RBC thickness that remains
following removal of soft, unpolymerized material
with a plastic spatula.?*%

According to several studies, there is no
significant difference observed irrespective of the
variations in photo-initiators inside the examined
RBCs, that indicate the major effect of LCU
was not significant.’® 3> ¥ However, according
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to other studies, the polywave LCU produced a
higher monomer to polymer conversion than the
monowave, particularly when resin composites with
various photo-initiators were involved.?®: 344246

Studies on the effects of employing monowave
and polywave LCUs on polymerization of BFRBCs
with innovative photo-initiators was insufficient, so
this study evaluated DOC of BFRBCs with different
photo-initiator systems cured by monowave and
polywave LCUs. The first null hypothesis tested
was that the type of BFRBC had no significant
effect on DOC values. The second null hypothesis
tested was that the type of LCU had no significant
effect on DOC values.

MATERIALS AND METHODS

Materials:

Detailed information about BFRBCs materials
and light curing units used in this study is presented
in Table 1 and Table 2 respectively.

TABLE (1) Bulk-fill resin-based composites used in the study.

Filler Load Recommended Recommended Manufacturer
BFRBC Shade Composition wt. % Curing Time and Thickness
(vol %) Light Intensity (Lot No.)
Resin: AUDMA,
DDDMA, UDMA 20 s
. Fillers: silica filler, >1000 mW/cm? 3M ESPE, St.
Filtek™ One . . . . Paul, MN,
. zirconia filler, zirconia/ 76.5%
Bulk Fill . 4 mm USA
. silica Cluster filler and 585%) @ @0o0—n—————
Restorative A3 . . .
ytterbium trifluoride 40s (NE18435)
Photo-initiator: CQ/ 550 -1000 mW/cm?.
amine system
Resin: Dimethacrylates
(19-21% weight), Bis- Ivoclar
GMA, UDMA, Bis-EMA 10s Vivadent
Tetric Fillers: barium glass, >1000 mW/cm? AG, Schaan,
i prepolymer, ytterbium 75-77% Liechtenstein
1;“(13&‘;‘5‘]‘ VA rifluoride, and mixed  (53-35%) —— 4 mm
oxide. 20 s (Z02SV4)

Photo-initiator: CQ/ >500 mW/cm?

amine system, TPO and
Ivocerin.
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TABLE (2) Light curing units used in the study.
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Irradiance

LCU Type Wavelength (nm) (mW/cm?) Manufacturer
BlueLEX LD-105  Monowave  420-490 nm (peaks at 455 — 465 nm) 1200 mW/em?  Momitex Industrial CO.
LTD, Taiwan
Twin Wave GT-2000 Polywave 420-490 nm (peaks at 455 — 465 nm) 1300 mW/em? Monitex Industrial

360-420 nm (peaks at 400-410 nm)

CO.,LTD, Taiwan

Study design and specimen’s preparation:

The study was submitted to and approved by
the Dental Research Ethics Committee under
protocol number A07061222 (Faculty of Dentistry,
Mansoura University). Using G*power version
(3.0.10) to calculate sample size based on effect size
=1.64, 2-tailed test, a error =0.05 and power = 90%
then total sample size were 9 per group. So,n = 10
specimens were prepared for each group.

Twenty specimens with a cylinder shape were
prepared from each BFRBC material using a
cylindrical stainless-steel mold with dimensions
of 4 mm diameter and 10 mm thickness.” Vaseline
was applied to the internal surface of the mold by a
microbrush for the easy removal of the specimens
after curing .’

A Mylar strip was placed over a 1 mm thick glass
microscope slide and mold was placed on it. The
material was packed in one increment into the mold,
the top was covered by another Mylar strip and
glass slide, and to ensure consistent packing of the
specimens, a load of 0.5 Kg was applied to the glass
slide for 60 seconds. When performing light curing,
the tip of the light curing unit made direct touch
with the glass slide only from the top surface.*’

Ten samples were light cured using monowave
LED LCU. The other ten specimens were light
cured using polywave LED LCU. Light curing was
done according to the manufacturer’s guidelines
for each BFRBC (10 seconds for TNBF and
20 seconds for FOBF). Power intensity was
measured regularly after each specimen using a
digital radiometer (Bluephase Meter II, Ivoclar

Vivadent, Liechtenstein). The power intensity of
the monowave LED LCU is 1200 mW/cm?, while
the power intensity of the polywave LED LCU is
1300 mW/cm?.

After light curing, the cylindrical specimens
were forced out of the stainless-steel mold by using
a stainless steel “pin driver” whose diameter is the
same as the mold hole.”

Depth of cure test:

DOC of the examined materials was measured
according to ISO 4049 method*.The uncured part
of the samples was scraped with a plastic spatula.’
After that, a digital caliper was used to measure the
cylindrical specimen of hardened composite resin’s
absolute length in millimeters (Figure 1). Three
measurements were recorded for each single speci-
men and the average was calculated. The length val-

ues were divided by two according to ISO 4049 !

Fig. (1) Measuring the length of the specimen with the digital
caliper for depth of cure test.
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Statistical analysis:

Data analysis was performed by SPSS software,
version 25 (SPSS Inc., PASW statistics for windows
version 25. Chicago: SPSS Inc.). After exploring
the data distribution (Shapiro-Wilk test), DOC data
showed parametric distribution and were analyzed
using two-way ANOVA tests followed by Tukey’s
post-hoc test for multiple comparisons. The level of
significance was set at p< 0.05 in all analyses.

RESULTS

There were no statistically significant differences
in DOC between LCUs within each BFRBC (p>
0.05). However, there was a statistically significant
difference in DOC between composite types within
each LCU (p< 0.05), and there was no interaction
between them (p> 0.05). The mean value SDs of
DOC of all research groups are presented in Table
3. Also, the result of Tukey’s post-hoc test is shown
in Table 3.

TABLE (3) DOC mean values = SDs of the tested
BFRBCs with Tukey’s post-hoc test

results.
LCU
Monowave Polywave
BFRBC

Filtek™ One Bulk Fill

K 4.39+0.09 Aa 4.27+0.13 Aa
Restorative

Tetric N-Ceram Bulk

3.63+0.07Ba  3.71 £0.10 Ba

Fill

-Different capital letters in the same column indicate
statistically significant difference.
-Different lowercase letters in the same row indicate

statistically significant difference.

FOBF cured by monowave LCU showed
particularly high DOC mean values followed by
FOBF cured by polywave LCU, TNBF cured by
polywave LCU, and TNBF cured by monowave
LCU respectively. There were no statistically
significant differences between the used LCUs
within each RBC material (p>0.05), but there was
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statistically significant difference between the
tested RBC materials regardless of the used LCU
(p<0.05).

DISCUSSION

Although monowave and polywave LED LCUs
can generate comparable amounts of power for the
restoration, variations in their spectral outputs can
significantly affect the photo-initiator system.* In
the current study, the effect of using polywave LCU
was compared to the effect of using monowave
two BFRBCs with different
photo-initiators. The comparison was done by the
evaluation of DOC.

LCU in curing of

In the current study, two BFRBCs (FOBF and
TNBF) were used. FOBF, is a nanofilled RBC,
contains nanoparticles that cannot scatter or absorb
visible light, which have a considerable impact on
the curing, translucency, and esthetics.*’ Only CQ
serves as a photo-initiator in FOBF."® TNBEF, is a
nanohybrid BFRBC, includes
resin fillers which are consisted of resin-encased

pre-polymerized

fillers that have been polymerized and milled to
a required particle size** Other photo-initiators
included in Tetric N- Ceram include Ivocerin (a
derivative of dibenzoyl germanium) and TPO,
which are stimulated by many wavelengths and are
intended to promote photopolymerization.'* Both
photo-initiators require wavelength irradiated by a
polywave LCU.?® The wavelength of light at which
ivocerin is most reactive is 408 nm, however it is
also still quite sensitive to light between 400 and
430 nm.*

DOC and the composition of RBC itself are
the two most significant variables impacting the
mechanical properties of RBC.*” The depth of
polymerization is crucial to ensure that clinical
issues are not caused by partially polymerized
material in the cavity’s base.? To measure DOC of
RBCs, a number of techniques have been suggested,
such as measuring the bottom and top surfaces’
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microhardness or degree of conversion at various
depths until an 80% bottom/top ratio is reached,
removing the uncured material from the specimen
with solvents, and manually scraping (SCR) the
uncured material >?

In the current study, DOC was evaluated by ISO
scraping test technique. The ISO 4049 standard
outlines a basic technique for measuring DOC.?* This
ISO scraping test method was employed to determine
DOC because it requires less instrumentation and
can be carried out anywhere.!” In this study, the non-
polymerized part of the specimen was dismissed
by manual scraping technique as described in
ISO 4049 test. Although it was simple to use the
alternative solvent-dissolution procedure to remove
uncured RBC,*® the solvent-immersion approach
has not been subjected to a standardized application
protocol.” Comparing the solvent dissolving no-
touch approach to the “scraping” method, it lessens
the operator’s effect, but it is not covered by ISO
4049 standard.*! Also, the scraping technique is a
validated research tool to directly compare different
materials, LCUs, and curing times.*>?!

In the current study, FOBF had significantly
higher DOC than TNBF regardless of the used
LCU. This might be attributed to the fact that
BFRBCs have less light penetrating into their depth
because to light reflection from BFRBCs, light
deflection from filler particles, and light absorption
by photo-initiators.”” Although FOBF does not
identify any alterations to the initiator, it does state
that the matrix is made up of a combination of
high molecular weight monomers.” TNBF’s filler
loading (79-81 wt%) and pre-polymerized fillers
may significantly affect the incident light’s intensity
and reducing DOC.* Maghaireh et al.* observed
that the additional photo-initiator (Ivocerin) in
TNBF is unable to entirely compensate for the
reduced translucency of this product since DOC of
CQ-based materials can be larger than that of TPO-
based materials. These observations agreed with the
current study results.
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Shorter wavelengths of light will be more
likely to be scattered by filler particles, according
to the Rayleigh effect. The majority of the radian
exposure at the specimen’s depth came from
the blue light spectrum due to the composite’s
considerable attenuation of the polywave LCU’s
violet spectrum.* This might explain why this study
showed that both LCUs had the same effect within
each BFRBC material on DOC by ISO method.

The current study results showed that TNBF had
the lowest DOC by ISO method and did not achieve
the manufacturer’s recommended thickness (4 mm)
evenly with polywave LCU. The mold’s material
might have an effect on DOC, the specimens in
ISO method were prepared using opaque stainless-
steel mold to prevent light penetration.’ Stainless
steel does not transmit light, in contrast to ceramic
or polymeric materials. Teflon molds cause DOC
values to be overestimated, as light is transmitted
through the Teflon unlike stainless steel.*?

Based on the findings of this study, The first
null hypothesis was rejected as the results showed
statistically significant difference between the tested
RBC materials regardless of the used LCU. The
second null hypothesis was accepted as the results
showed that there were no statistically significant
differences between the used LCUs within each
RBC material.

In this study, the in vitro study’s limitations
were noted such as this study was conducted using
fabricated molds instead of natural teeth, which
might have affected the results. Another limitation
is that this study tested only two materials with dark
shade. Lighter shades or other products of RBCs may
provide different results; therefore, the conclusions
cannot be generalized. In addition, further studies
should evaluate the use of polywave LCUs with
higher power densities or longer exposure times
that may enable enough light from reaching a 4-mm
thickness of BFRBCs with combination of photo-
initiators (CQ, TPO, and Ivocerin).
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CONCLUSIONS

The use of a polywave LCU is not obligatory to

achieve optimal DOC of a BFRBC with combination
of photo-initiators (CQ, TPO, and Ivocerin).

REFERENCES

1.

10.

Adams KR, Savett DA, Lien W, Raimondi C, Vandewalle
KS. Evaluation of a Novel “Quad” wavelength light curing
unit. J Clin Exp Dent 2022; 14:815-821.

AlQahtani MQ, Michaud PL, Sullivan B, Labrie D,
AlShaafi MM, Price RB. Effect of high irradiance on depth
of cure of a conventional and a bulk fill resin-based com-
posite. Oper Dent 2015; 40:662-672.

AlShaafi MM, AlQussier A, AlQahtani MQ, Price RB. Ef-
fect of mold type and diameter on the depth of cure of three
resin-based composites. Oper Dent 2018; 43:520-529.

Araujo JLN, de Melo Alencar C, Barbosa GM, Silva CM,
Turbino ML. Effect of leds with different wavelengths on
the microhardness and nanohardness of nanohybrid com-
posite resins. J Contemp Dent Pract 2021; 22:122-127.

Bastian M, Vineet R, Mathew J, Paul S, Varghese TP.
Comparative evaluation of depth of cure between two
bulk-fill composites and a conventional resin composite:
An in vitro study. Conserv Dent Endod J 2020;5:23-27.

Brandt WC, Schneider LFJ, Frollini E, Correr-Sobrinho
L, Sinhoreti MACJBor. Effect of different photo-initiators
and light curing units on degree of conversion of compos-
ites. Brazilian Oral Res 2010; 24:263-270.

Chan KH, Mai Y, Kim H, Tong KC, Ng D, Hsiao JCIM.
Resin composite filling. Materials 2010; 3:1228-1243.

Conte G, Panetta M, Mancini M, Fabianelli A, Brotzu A,
Sorge R, et al. Curing effectiveness of single-peak and
multi-peak led light curing units on Tpo-containing resin
composites with different chromatic characteristics. Oral
Implantol 2017; 10:140-150.

de Céssia Romano B, Soto-Montero J, Rueggeberg FA,
Giannini M. Effects of extending duration of exposure to
curing light and different measurement methods on depth-
of-cure analyses of conventional and bulk-fill composites.
Eur J Oral Sci 2020; 128:336-344.

de Mendonga BC, Soto-Montero JR, de Castro EF, Kury
M, Cavalli V, Rueggeberg FA, et al. Effect of extended

light activation and increment thickness on physical prop-

11.

12.

13

14.

15.

16.

17.

18.

19.

20.

21.

22.

(2089)

erties of conventional and bulk-filled resin-based compos-
ites. Clin Oral Investig 2022; 26:3141-3150.

De Oliveira DCRS, Rocha MG, Gatti A, Correr AB, Fer-
racane JL, Sinhoret MACJJod. Effect of different photo-
initiators and reducing agents on cure efficiency and color
stability of resin-based composites using different led
wavelengths. J Dent 2015; 43:1565-1572.

Elawsya ME, Montaser MA, El-Wassefy NA, and Za-
ghloul NM. Depth of cure of dual- and light-cure bulk-fill
resin composites. Am J Dent 2022; 35:185-190.

. Espindola-Castro LF, Durdo MA, Pereira TV, Cordeiro AB,

Monteiro GM. Evaluation of microhardness, sorption, sol-
ubility, and color stability of bulk fill resins: A comparative
study. J Clin Exp Dent 2020; 12:1033-1038.

Farzad A, Kasraei S, Haghi S, Masoumbeigi M, Torabza-
deh H, Panahandeh N. Effects of 3 different light-curing
units on the physico-mechanical properties of bleach-
shade resin composites. Restor dent endod 2022; 47:9.

Gan JK, Yap AU, Cheong JW, Arista N, Tan C. Bulk-fill com-
posites: Effectiveness of cure with poly- and monowave cur-
ing lights and modes. Oper Dent 2018; 43:136-143.

Ghaemi A, Molayi M, Chaharmahali RJIDH. Influence of
monowave and polywave led unites on G-Aenial resin
composites’ polymerization: An in vitro study. Dent. Hy-
potheses 2022; 13:16-9.

Gugnani M, Singla M, Grewal MS, Arora A, Setya G, Jain
AJWIJoD. Comparison of four different light-curing units
and evaluation of the depth of cure and microhardness of
nanohybrid composite resin. World J Dent 2022; 13:611-
616.

Hassan SS, Al-Jadwaa FT, Al-Ashou WMJJoGSR. Evalu-
ation of degree of conversion of different types of bulk-fill
resin composites. J glob sci res 2022; 7:2104-2116.

Jandt KD, Mills RW. A brief history of led photopolymer-
ization. Dent Mater 2013; 29:605-617.

Kaisarly D, Gezawi MEJO. Polymerization shrinkage as-
sessment of dental resin composites: A literature review.
Odontology 2016; 104:257-270.

Kowalska A, Sokolowski J, Bociong K. The Photoinitia-
tors used in resin based dental composite-a review and fu-
ture perspectives. Polymer 2021; 13:470

Kowalska A, Sokolowski J, Gozdek T, Krasowski
M, Kopacz K, Bociong K. The Influence of various



(2090)

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

E.D.J. Vol. 70, No. 2

photoinitiators on the properties of commercial dental
composites. Polymer 2021; 13:3972

Lara L, Rocha MG, Menezes LR, Correr AB, Sinhoreti
MAC, Oliveira D. Effect of combining photoinitiators on
cure efficiency of dental resin-based composites. J Appl
Oral Sci 2021; 29: 20200467

Leprince JG, Leveque P, Nysten B, Gallez B, Devaux
J, Leloup G. New insight into the “depth of cure” of di-
methacrylate-based dental composites. Dent Mater 2012;
28:512-520.

Leprince JG, Palin WM, Vanacker J, Sabbagh J, Devaux J,
Leloup G. Physico-mechanical characteristics of commercial-
ly available bulk-fill composites. J Dent 2014; 42:993-1000.

Li X, Pongprueksa P, Van Meerbeek B, De Munck JJJod.
Curing profile of bulk-fill resin-based composites. J Dent
2015; 43:664-672.

Lima AF, Salvador MVO, Dressano D, Saraceni CHC, Gon-
calves LS, Hadis M, et al. Increased rates of photopolymerisa-
tion by ternary type ii photoinitiator systems in dental resins. J
Mech Behav Biomed Mater 2019; 98:71-78.

Lucey SM, Santini A, Roebuck EM. Degree of conversion
of resin-based materials cured with dual-peak or single-
peak led light-curing units. Int J Paediatr Dent 2015;
25:93-102.

Ludovichetti FS, Lucchi P, Zambon G, Pezzato L, Berto-
lini R, Zerman N, et al. Depth of Cure, hardness, roughness
and filler dimension of bulk-fill flowable, conventional
flowable and high-strength universal injectable compos-
ites: An in vitro study. Nanomaterials 2022; 12:1951.

Maghaireh GA, Price RB, Abdo N, Taha NA, Alzraikat H.
Effect of thickness on light transmission and vickers hard-
ness of five bulk-fill resin-based composites using poly-
wave and single-peak light-emitting diode curing lights.
Oper Dent 2019; 44:96-107.

Makhdoom SN, Campbell KM, Carvalho RM, Manso AP.
Effects of curing modes on depth of cure and microtensile
bond strength of bulk fill composites to dentin. J Appl Oral
Sci 2020; 28:20190753.

Marovic D, Par M, Macan M, Klari¢ N, Plazoni¢ I, Tarle Z.
Aging-dependent changes in mechanical properties of the new
generation of bulk-fill composites. Materials 2022; 15:902.

. Menees TS, Lin CP, Kojic DD, Burgess JO, Lawson NC.

Depth of cure of bulk fill composites with monowave and
polywave curing lights. Am J Dent 2015; 28:357-361.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43

44.

45.

Rahma Mohamed Elsharawy, et al.

Miletic 'V, Santini AJJoD. Micro-raman spectroscopic
analysis of the degree of conversion of composite res-
ins containing different initiators cured by polywave or
monowave led units. J Dent 2012; 40:106-113.

Moore BK, Platt JA, Borges G, Chu TM, Katsilieri I.
Depth of cure of dental resin composites: Iso 4049 depth
and microhardness of types of materials and shades. Oper
Dent 2008; 33:408-412.

Nagi SM, Moharam LM, Zaazou MH. Effect of resin
thickness, and curing time on the micro-hardness of bulk-
fill resin composites. J Clin Exp Dent 2015; 7:600-604.

Parasher A, Ginjupalli K, Somayaji K, Kabbinale P. Com-
parative evaluation of the depth of cure and surface rough-
ness of bulk-fill composites: An in vitro Study. Dent Med
Probl 2020; 57:39-44.

Price RB, Rueggeberg FA, Harlow J, Sullivan B. Effect of
mold type, diameter, and uncured composite removal method
on depth of cure. Clin Oral Investig 2016; 20:1699-1707.

Price RB, Shortall AC, Palin WM. Contemporary issues in
light curing. Oper Dent 2014; 39:4-14.

Rezaei S, Abbasi M, Sadeghi Mahounak F, Moradi ZJ-
TODJ. Curing depth and degree of conversion of five bulk-
fill composite resins compared to a conventional compos-
ite. Open Dent J 2019; 13:422.

Rocha MG, Maucoski C, Roulet JF, Price RB. Depth of
cure of 10 resin-based composites light-activated using a
laser diode, multi-peak, and single-peak light-emitting di-
ode curing lights. J Dent 2022; 122:104141.

Sahadi BO, Price RB, André CB, Sebold M, Bermejo GN,
Palma-Dibb RG, et al. Multiple-peak and single-peak den-
tal curing lights comparison on the wear resistance of bulk-
fill composites. Brazilian Oral Res 2018; 32:122.

. Salem HN, Hefnawy SM, Nagi SMJCCD. Degree of con-

version and polymerization shrinkage of low shrinkage
bulk-fill resin composites. Contemp Clin Dent 2019; 10:
465-470.

Sampaio CS, Pizarro PG, Atria PJ, Hirata R, Giannini M,
Mahn E. Effect of shortened light-curing modes on bulk-
fill resin composites. Oper Dent 2020; 45:496-505.

Schneider LFJ, Pfeifer CS, Consani S, Prahl SA, Ferracane
JLJDm. Influence of photoinitiator type on the rate of po-
lymerization, degree of conversion, hardness and yellow-
ing of dental resin composites. Dent Mater 2008; 24:1169-
1177.



DEPTH OF CURE OF BULK-FILL RESIN COMPOSITES WITH DIFFERENT PHOTO-INITIATOR SYSTEMS CURED

46.

47.

48.

49.

Shimokawa C, Sullivan B, Turbino ML, Soares CJ, Price RB.
Influence of emission spectrum and irradiance on light curing
of resin-based composites. Oper Dent 2017; 42:537-547.

Siagian JS, Dennis D, Ikhsan T, Abidin T. Effect of differ-
ent Led light-curing units on degree of conversion and mi-
crohardness of bulk-fill composite resin. J Contemp Dent
Pract 2020; 21:615-620.

Sim J-S, Seol H-J, Park J-K, Garcia-Godoy F, Kim H-I,
Kwon YHIJJod. Interaction of Led light with coinitiator-
containing composite resins: Effect of dual peaks. J Dent
2012; 40:836-842.

Dentistry polymer-based filling, restorative materials. Ge-
neva, Switzerland: International Standards Office; 2019.

50.

51.

52.

(2091)

Strini BS, Marques JFL, Pereira R, Sobral-Souza DF, Pec-
orari VGA, Liporoni PCS, et al. Comparative evaluation of
bulk-fill composite resins: Knoop microhardness, diame-
tral tensile strength and degree of conversion. Clin Cosmet
Investig Dent 2022; 14:225-233.

Wannous M, Abboud SAJJoS. Curing depth and degree of
conversion of different nano-hybrid composites. Czas Sto-

matol 2021; 74:147-152.

Yokesh CA, Hemalatha P, Muthalagu M, Justin MR. Com-
parative evaluation of the depth of cure and degree of con-
version of two bulk fill flowable composites. J Clin Diag-
nostic Res 2017; 11:86-89.



