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ABSTRACT

Statement of the Problem: One of the problems with light-cured composite resins is the
limitation and inadequate depth of curing and polymerization, resulting in low surface mi-
crohardness and restoration failure.

Purpose: The present study aimed to compare the surface microhardness of two different
bulk-fill composite resins and one conventional composite resin using the Vickers micro-
hardness test.

Materials and Method: In the present in vitro study, 108 samples from two different bulk-
fill composite resins (Tetric N Ceram and Xtrafil) and one conventional composite resin
(Filtek Z250) were prepared in metallic molds (2x4x10 mm) (n=36 for each composite
resin). Six samples from each composite resin (n=6) underwent a hardness measurement test
at specific depths (0.1, 1, 2, 3, 4 and 5mm). The samples were then stored at 37°C for 24
hours, followed by a microhardness test at the depths mentioned above.

Results: In all the composite resin samples, microhardness decreased with an increase in
depth. The highest microhardness was recorded in Filtek Z250, followed by Xtrafil, with no
significant difference. The lowest microhardness was recorded in Tetric N Ceram bulk-fill.
Both bulk-fill composite resins at all the depths exhibited depth-to-surface standard micro-
hardness (>80%).

Conclusion: According to the results, both evaluated bulk-fill composite resins exhibited
favorable surface microhardness up to a depth of 5 mm.
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Introduction

Composite resins are widely used in dentistry. One of
the concerns with the use of light-cured composite res-
ins is their limited light penetration, resulting in inade-
quate curing depth and polymerization [1].

Adequate polymerization is a vital factor in achiev-
ing favorable mechanical properties, which ensures sat-
isfactory clinical efficacy of composite resin restora-
tions [2].

The release of uncured monomers, followed by de-
creased biocompatibility of restorations and compro-
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mised physical properties, including low color stability,
result from inadequate polymerization of composite
resin restorations [3].

Various factors affect the photo-polymerization of
composite resins, including composite resin type, its
color and translucency, the thickness of each composite
resin layer, the distance between the tip of the light-
conducting nozzle and the composite resin surface, the
type of the light-curing unit, curing parameters, irradia-
tion mode, photo initiators, the size and distribution of
fillers, and viscosity [4-5].
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Composite resins can be cured at specific depths,
depending on the penetration of light into the composite
resin bulk. The light energy of light-curing unit decreas-
es gradually as it transverses through the composite
resin bulk [6]. Several techniques have been proposed to
overcome this problem, including the layering technique
for composite resin placement or the adjustment of the
irradiation mechanisms. However, the layering tech-
nique is time-consuming, with a high risk of air bubble
entrapment and contamination [7].

Bulk-fill composite resins were introduced to over-
come the problems above. According to the manufac-
turer, these composite resins, which have become very
popular with dentists due to their ease of use, have a 4-
mm curing depth. Besides, this bulk of composite resin
can be cured in one stage because it has low polymeri-
zation shrinkage and minimal polymerization stress [8].

In bulk-fill composite resins, high translucency, high
monomer technology, modifications in fillers and use of
new photo initiators have decreased polymerization
stresses and increased the curing depth, with a signifi-
cant adaptation with the cavity walls as an advantage.
However, these composite resins have some disad-
vantages, including postoperative sensitivity, microle-
akage and debonding [9-10].

Surface hardness is used to predict materials’ wear
resistance to abrasion and abrasive caused by opposing
teeth. The depth-to-surface microhardness ratio of com-
posite resins is 0.8-0.85, so that it can be ensured that
the base has adequately been polymerized [11].

Microhardness is defined as the resistance against
penetration or permanent indentation of the surface,
which is a criterion for resistance against plastic defor-
mation and is calculated by dividing the force by the
indented surface area. Vickers test is one of the most
common tests in this respect [11-12]. The evaluation of
the curing depth of composite resins by measuring the
hardness is imperative since there is a relationship be-
tween an increase in hardness and curing depth [12].

Although the clinical use of bulk-fill composite res-
ins is increasing, several previous studies have not fully
confirmed their mechanical properties [8,13]. Therefore,
it is necessary to evaluate these properties in composite
resins, including degree of conversion (DC) or surface
hardness, especially in the long term [10,14].

Since there is a lack of adequate data in this filed,
and considering the discrepancies about adequate curing
depth and durability of bulk-fill composite resins in the
use of these composite resins with >2 mm depths, the
present study aimed to compare the microhardness of
two different types of bulk-fill composite resins and one
conventional composite resin at different depths by us-
ing Vickers microhardness test. The null hypothesis was
that all composites have the same Vickers microhard-
ness in different evaluated depths.

Materials and Method

In the present in vitro study, samples of Tetric N Ceram
bulk-fill and Xtrafil bulk-fill and Filtek Z250 conven-
tional composite resins were fabricated using bronze
molds. Table 1 presents the characteristics of the com-
posite resins evaluated.

Sample preparation

A bronze mold, measuring 10 mm in length, 4 mm in
width, and 2 mm in depth, was used to produce compo-
site resin samples. The base of the mold had an open-
ended cavity to place the restorative material. The base
of the mold had been designed to make it possible to
adapt it to and hold it on the table of the microhardness
machine. On each side of the cavity, a small retentive
groove was placed to ensure the stability and no move-
ment of the samples during force application in the test.
Besides, the open end of the cavity was placed anterior
to the front rim of the table so that it was possible to see
the forward and backward movement of the machine to
the position zero. The mold was cleaned with cotton
soaked with alcohol between the different rounds of
composite resin placement. The composite resins were

Table 1: The characteristics of conventional and bulk-fill composite resins under study

Commercial Brand Type of Composite

Manufacturer

Composition Filler Percentage

Tetric N Ceram Hybrid Ivoclar Vivadent AG, Barium glass, Prepolymer, Ytterbium trifluo- 7577 wt%
Bulk Fill Y Schaan, Liechtenstein ride, Mixed oxide Bis-GMA, DMA 53-55 vol%
Xtrafil Hybrid VOCO Cuxhaven, Barium-boron- aluminosilicate glass, Bis- 86 wt.%
Y Germany GMA, UDMA, TEGDMA 70.1 vol%
. . . 3M ESPE, St. Paul,  Zirconia/silica without silane treatment, Bis- 82 wt.%
A2 E R MN, USA GMA, UDMA, Bis-EMA 60 vol%
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placed in the mold. The mold was placed on a glass slab
and the composite was packed within it. A translucent
celluloid tape and a glass slab were used on the open
end of the mold and a 5 Kg weight was used to apply
pressure from the top for 3 minutes. This pressure
would extrude the extra composite resin, and subse-
quently, a smooth surface would be achieved; moreover,
it would ensure uniform thickness of sample and elimi-
nate the voids. The mold was closed from each side
with butterfly screws, and the composite resin was light-
cured from the exposure side for 20 seconds.

An LED light-curing unit (BluePhase N, Ivoclar Vi-
vadent AG, Schaan, Liechtenstein) was used in the pre-
sent study, delivering light with a wavelength of 385-
515 nm at 1200 mW/cm? intensity. The light-curing unit
was checked with a radiometer (Model 100; Optilux,
SDS, Kerr, Orange, CA, USA) after five curing rounds.
The tip of the light-conducting nozzle was placed at
contact with the glass slab to standardize the distance
between the nozzle and the composite resin surface dur-
ing polymerization. Thirty-six samples were fabricated
in this method. After retrieving the samples from the
molds, the lateral aspect of the samples was marked to
identify the upper and lower sides of the samples. Then
the upper and lower surfaces of the samples were pol-
ished with 800-, 1000- and 1200-grit polishing paper
(Struers, Ballerup, Denmark) to achieve a smooth sur-
face. The sample dimensions were measured with a
digital caliper (Mitutoyo, Tokyo, Japan) with 0.01 mm
accuracy after polishing. Then, the samples were stored
in water at 37°C for 24 hours.

Surface Microhardness measurement

A Vickers microhardness equipment (Bareiss, Germa-
ny) was used to determine the microhardness of sam-
ples at 0.1, 1, 2, 3, 4 and 5mm depths (comprising of
six samples for measuring microhardness at each
depth). A fixed force of 300 gr was applied for 15 se-
conds in each indentation to determine the samples’
microhardness.

Measurements began from 0.1 mm from the light-
cured surface to avoid the air-inhibited layer and ended
at a depth of 5 mm. Three indentations were produced at
each layer at a distance of 0.2mm. The mean of these
three values was calculated and reported as the hardness
value. The measurements were carried out at 40x for all
the samples.
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Statistical Analysis

The data were analyzed with SPSS 25.0. Since data
were distributed normally, Two-way ANOVA was used
to compare microhardness changes between the groups.
In addition, post hoc Tukey tests were used for two-by-
two comparisons of groups. The acceptable type | error
was set at 0.05 in this study (a=0.05).

Results
Table 2 presents microhardness values in terms of the
composite resin type and the evaluated depth.

Two-way ANOVA test showed that composite type
(p= 0.0001) and depth of sample (p= 0.008) had a sig-
nificant effect on composite microhardness but their
interaction was not significantly affected on microhard-
ness. In other words, all the composite resins tested in
this study had the same behavior in different depths
regarding microhardness.

The results showed that the hardness decreased with
an increase in depth (thickness) in Filtek Z250 compo-
site resin, with hardness values of 98.8 and 81 N/mm? at
0.1- and 3-mm depths, respectively (p< 0.01). It was not
possible to measure microhardness at 4- and 5-mm
depths because composite resins had not been cured.
However, at all the similar depths, the depth-to-surface
microhardness ratio standard level was >80% accord-
ing to 1SO 4049.

Table 2: The microhardness of composite resins evaluated in
the present study at different depths

Composite Composite  Vickers Microhardness
resin type Thickness (mm) (MPa)

0.1 98.8+3.8°

1 93+2°

. 2 91.1+1°

Filtek Z250 3 814579
4 No curing
5 No curing
0.1 68.1+10 9
1 66.6+11.8"
Tetric N Ceram 2 63.6110.8f
Bulk fill 3 64.2+11.41
4 60.8+14.3 %

5 55.1+13.2"

0.1 99+8.3 a
1 99.1+9.2°
2 96.3+9.4 ¢
3 92.3+8.5¢
4 88.5+9.01 °
5 86.7+14.6"

Xtrafil

* Different superscript letters show significant differences between
microhardness of groups.
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Microhardness values in the Tetric N Ceram bulk-
fill composite resin showed that the microhardness de-
creased with an increase in thickness, with 68.1 and
55.1 N/mm? on the surface and 5mm depth, respectively
(p< 0.01).

At all the depths in this composite resin, the depth-
to-surface microhardness ratio was at a favorable level
(>80%).

In the Xtrafil composite resin, microhardness de-
creased with an increase in thickness, with 99 and 6.7
N/mm? on the surface and 5-mm depth, respectively.
The decrease in microhardness with an increase in
thickness was statistically significant (p< 0.01). In this
composite resin, too, the microhardness was at a favora-
ble level in all the thicknesses.

Two by two comparison of composite types showed
no significant difference between 2250 and Xtrafil (p=
0.469) microhardness in the same depth, however, two
other composites had no significant difference (p=
0.0001) in this respect.

Discussion
The present study aimed to evaluate the effect of differ-
ent thicknesses on the microhardness of bulk-fill com-
posite resins. In the present study, Filtek Z250 compo-
site resin was used as a reference. Filtek Z250 is a mi-
crohybrid and opaque composite resin, designed for
anterior and posterior restorations. It contains inorganic
silica and zirconia fillers, and particles resulting from
the abrasion of glass, quartz and Bis-EMA, Bis-UDMA,
and Bis-GMA resin matrix. This product has excellent
resistance to abrasion and favorable mechanical proper-
ties and is suitable for areas under stress. The present
study showed that bulk-fill composite resins are proper-
ly polymerized up to a depth of 4 mm. Studies by Alra-
halah et al. [15], Alshali et al. [16], and Garounshit et
al. [17] are consistent with the present study. They
showed that the curing depth of bulk-fill composite res-
ins was adequate, comparable to conventional compo-
site resins, and consistent with the present study.
Different techniques are available to determine the
curing depth. Laser and Fourier transform infrared
(FTIR) are direct techniques to determine the curing
depth, and scraping, microhardness testing, and visual
inspection are indirect techniques to determine hardness
[18]. In this study, Vickers Microhardness used for

evaluating DC because this test is widely used to exam-
ine resin composite polymerization due to the direct
correlation between the microhardness of a composite
and the DC [19].

In the present study, Xtrafil and Z250 composite
reins exhibited the highest microhardness and Tetric N
Ceram bulk-fill exhibited the lowest microhardness.
Filtek Z250 and Xtrafil composite reins exhibited simi-
lar microhardness up to a depth of 3 mm, and both had
microhardness higher than Tetric N Ceram bulk-fill
composite resin. Besides, microhardness decreased with
an increase in thickness in all the samples.

High microhardness in Xtrafil is consistent with oth-
er studies [20-21]. This high microhardness might be
attributed to differences in the chemical composition of
resin matrix and the viscosity of monomers. Besides, the
flexibility of the monomer’s chemical structure might
affect the curing depth of composite resin. The resin
matrix of Xtrafil is composed of bis-GMA, UDMA, and
TEGDMA. TEGDMA is considered a diluting mono-
mer and exhibits the highest DC among composite resin
monomers. When bis-GMA is diluted with a low-
viscosity monomer, there is a synergistic effect on DC
and curing depth. Therefore, a high concentration of
TEGDMA might be a reason for a high curing depth of
Xtrafil composite resin [21-22]. In addition, the multi-
hybrid filler technology has been used in this material,
resulting in a decrease in polymerization shrinkage, a 4-
mm curing depth, high surface hardness, and high re-
sistance to abrasion in this material [23]. The high hard-
ness of the Z250 composite rein might be attributed to
its fillers composed of quartz and ceramic particles [24].

The significantly low surface hardness of Tetric N
Ceram bulk-fill composite rein might be attributed to
the initiator/catalyst system, the type of monomer, and
the use of barium glass fillers with re-polymerized par-
ticles in the structure of this composite resin [22]. The
parameters affecting microhardness include the shape
and distribution of fillers, the shape and density of parti-
cles, and the type and concentration of the monomer,
which are different in different composite resins [25].

In all the composite reins evaluated, the surface hard-
ness was significantly higher than that of the depth.
Hardness decreased with an increase in thickness, indi-
cating that the surface of composite rein depends on the
light intensity at a lower rate because it absorbs the nec-
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essary radiation energy due to its vicinity to the light-
conducting tip [26-27]. In the present study, in all the
composite resins evaluated, the sample’s depth-to-
surface microhardness ratio was >80% (almost 88%).
Al-Mansour et al. [28] reported that the proper curing
depth in Tetric N Ceram bulk-fill composite resin is due
to Ivocerin in its structure, which is an initiator with a
germanium base. According to the manufacturer, it has
a higher curing activity than camphorquinone because
generates at least two free radicals for polymerization
initialization compared to camphorquinone, the most
widely used visible-light photo-initiator in RBCs that
generates only one radical [1, 29]. Besides, it can initi-
ate polymerization without adding amine by creating
two radicals, which is more effective than the camphor-
quinone system with only one radical. Other studies
have shown that despite a high filler content in Tetric N
Ceram bulk-fill composite, the depth-to-surface micro-
hardness ratio <80%, which is different from the present
study [22, 30].

There is another new advancement in this composite
resin system, referred to as the Aessenico technology, in
which the refractive index of unpolymerized monomers
has been modified to match that of the fillers to achieve
a proper curing depth in thick layers. This has resulted
in a very translucent structure through which light
traverses easily without any barrier. This technology, in
association with lvocerin initiators, provides a reliable
and fast polymerization, even at tooth—composite resin
interface [31].

Jang et al. [30] compared the Vickers microhardness
of four different types of composite resins, including
two bulk-fill flowables (Surefil SDR flow and Venus
Bulk fill) and one bulk-fill nonflowable (Tetric N-
Ceram Bulk fill) and a highly-filled flowable (G-Aneial
Universal Flo) with two conventional composites (Tet-
ric Flow, Filtek Supreme Ultra) up to a depth of 4.5
mm. Tetric N Ceram bulk-fill contains translucent filler
and matrix that help transmit light through this material.
However, the results showed that all the composite res-
ins, except for SDR and Venus Bulkfill, exhibited low
microhardness, and Tetric N Ceram bulk-fill exhibited a
base microhardness lower than the standard level, de-
spite its high filler content, which might be attributed to
the difference in the light-curing unit. An LED light-
curing unit (Bluephase, Ivoclar, Vivadent) with a wave-
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length of 700 nm was used in that study [32-33]. Any
discrepancy between the unit’s radiation wavelength
and the photoinitiator’s sensitivity might give rise to
limitations in the creation of free radicals and a disturb-
ance in the polymerization process [34].

The employment of new resins and modified regula-
tors and fillers has increased the curing depth of bulk-
fill composite resins. Besides, the amount of light pene-
trating the composite resin depends on the amount of
the light reflected, scattered, and absorbed and all of
these factors depend on the composite resin structure.
Composite resins with smaller fillers scatter more light
[35].

Evidence indicates that an increase in filler content
decreases translucency due to an increase in light reflec-
tion at filler—resin interface. Translucency increases
with an increase in filler size. Therefore, the size, radio-
pacity, translucency, and pigments or filler particles
affect the passage of light through the material, which in
turn affects the curing depth [36].

Further studies are suggested to evaluate other bulk-
fill composite resins, abrasion resistance, and fracture
resistance.

This study was in vitro, therefore it may be different
from the clinical situation and besides that, there are
some factors available in the mouth like saliva, en-
zymes, different food and beverages with different pH
and temperature that affect composite microhardness
during the time.

Conclusion

Under the limitations of the present study, it was con-
cluded that microhardness decreased in all the compo-
site resins with an increase in depth. In both bulk-fill
composite resins, the depth-to-surface microhardness
ratio in all depth was at a standard level (>80%).

Conflicts of Interest
None declared.

References

[1] Pirmoradian M, Hooshmand T, Jafari-Semnani S, Fadavi
F. Degree of conversion and microhardness of bulk-fill
dental composites polymerized by LED and QTH light
curing units. J Oral Biosci. 2020; 62:107-113.

[2] Kamalak H, Canbay CA, Yigit O, Altin S. Physico-mec-



Bulk-fill Composite Microhardness Compare to Conventional Composite Resin

10.30476/DENTJODS.2021.87669.1278

Saati K, et al.

hanical and thermal characteristics of commercially
available and newly developed dental flowable composit-
es. J Mol Struct. 2018; 1156: 314-319.

[3] Cokic SM, Duca RC, De Munck J, Hoet P, Van Meer-
beek B, Smet M, et al. Saturation reduces in vitro leakage
of monomers from composites. Dent Mater. 2018; 34:
579-586.

[4] Schneider LF, Pfeifer CS, Consani S, Prahl SA, Fer-
racane JL. Influence of photoinitiator type on the rate of
polymerization, degree of conversion, hardness and yel-
lowing of dental resin composites. Dent Mater. 2008; 24:
1169-1177.

[5] Daugherty MM, Lien W, Mansell MR, Risk DL, Savett
DA, Vandewalle KS. Effect of high-intensity curing
lights on the polymerization of bulk-fill composites. Dent
Mater. 2018; 34:1531-1541.

[6] Rezaei S, Abbasi M, Sadeghi Mahounak F, Moradi Z.
Curing Depth and Degree of Conversion of Five Bulk-
Fill Composite Resins Compared to a Conventional
Composite. Open Dent. 2019; 13: 422-429.

[7] Fronza BM, Abuna GF, Braga RR, Rueggeberg FA,
Giannini M. Effect of Composite Polymerization Stress
and Placement Technique on Dentin Micropermeability
of Class | Restorations. J Adhes Dent. 2018; 20: 355-363.

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

[9] Van Ende A. Bulk-fill composites. In Dental Composite
Materials for Direct Restorations. 1st ed. Springer: Cham;
2018. p. 113-118.

[10] Hasani E, Panahandeh N, Shamszadeh S, Abrandabadi
AN, Sheikh-Al-Eslamian SM. Hygroscopic expansion of
bulk fill composites: A three-month report. Braz Dent
Sci. 2018; 21: 172-176.

[11] Lombardini M, Chiesa M, Scribante A, Colombo M,
Poggio C. Influence of polymerization time and depth of
cure of resin composites determined by Vickers hardness.
Dent Res J. 2012; 9: 735-740.

[12] Colombo M, Gallo S, Poggio C, Ricaldone V, Arciola
CR, Scribante A. New Resin-Based Bulk-Fill Compo-
sites: in vitro Evaluation of Micro-Hardness and Depth of
Cure as Infection Risk Indexes. Materials. 2020; 13:
1308-1320.

[13] Rosatto CM, Bicalho AA, Verissimo C, Braganga GF,
Rodrigues MP, Tantbirojn D, et al. Mechanical proper-

ties, shrinkage stress, cuspal strain and fracture resistance
of molars restored with bulk-fill composites and increme-
ntal filling technique. J Dent. 2015; 43:1519-1528.

[14] Finan L, Palin WM, Moskwa N, McGinley EL, Fleming
GJ. The influence of irradiation potential on the degree of
conversion and mechanical properties of two bulk-fill
flowable RBC base materials. Dent Mater. 2013; 29: 906-
912.

[15] Alrahlah A, Silikas N, Watts DC. Post-cure depth of cure
of bulk fill dental resin-composites. Dent Mater. 2014;
30:149-155.

[16] Alshali RZ, Silikas N, Satterthwaite JD. Degree of con-
version of bulk-fill compared to conventional resin-
composites at two-time intervals. Dent Mater. 2013; 29:
e213-e217.

[17] Garoushi S, Vallittu P, Shinya A, Lassila L. Influence of
increment thickness on light transmission, degree of con-
version and micro hardness of bulk fill composites.
Odontology. 2016; 104:291-297.

[18] Aguiar FH, Braceiro A, Lima DA, Ambrosano GM,
Lovadino JR. Effect of light curing modes and light cur-
ing time on the microhardness of a hybrid composite res-
in. J Contemp Dent Pract. 2007; 8:1-8.

[19] Pirmoradian M, Hooshmand T, Jafari-Semnani S, Fadavi
F. Degree of conversion and microhardness of bulk-fill
dental composites polymerized by LED and QTH light
curing units. J Oral Biosci. 2020; 62: 107-113.

[20] Moharam LM, El-Hoshy AZ, Abou-Elenein K. The ef-
fect of different insertion techniques on the depth of cure
and vickers surface micro-hardness of two bulk-fill resin
composite materials. JCED. 2017; 9: e266-e271.

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

[22] Yap AU, Pandya M, Toh WS. Depth of cure of contem-
porary bulk-fill resin-based composites. Dent Mater J.
2016; 35: 503-510.

[23] Rizzante FA, Mondelli RF, Furuse AY, Borges AF,
Mendonca G, Ishikiriama SK. Shrinkage stress and elas-
tic modulus assessment of bulk-fill composites. J Appl
Oral Sci. 2019; 27: 1-9.

[24] Illie N, Hickel R. Investigations on mechanical behavior
of dental composites. Clin Oral Invest. 2009; 13:427-438.

[25] Nagi SM, Moharam LM, Zaazou MH. Effect of resin

thickness, and curing time on the micro-hardness of bulk-

63



Saati K, et al.
10.30476/DENTJODS.2021.87669.1278

J Dent Shiraz Univ Med Sci. March 2022; 23(1): 58-64.

fill resin composites. JCED. 2015; 7: e600-e604.

[26] Rodriguez A, Yaman P, Dennison J, Garcia D. Effect of
light-curing exposure time, shade, and thickness on the
depth of cure of bulk fill composites. Oper Dent. 2017,
42:505-513.

[27] Pires JA, Cvitko E, Denehy GE, Swift Jr EJ. Effects of
curing tip distance on light intensity and composite resin
microhardness. Quintessence Int. 1993; 24: 517-521.

[28] Al-Mansour K, Al-Sada A, Al-Sinan H. Curing depth of
bulk-fill composites-an in vitro study. PODJ. 2015; 35:
271-274.

[29] llie N, Bucuta S, Draenert M. Bulk-fill resin-based com-
posites: an in vitro assessment of their mechanical per-
formance. Oper Dent. 2013; 38: 618-825.

[30] Jang JH, Park SH, Hwang IN. Polymerization shrinkage
and depth of cure of bulk-fill resin composites and highly
filled flowable resin. Oper Dent. 2015; 40:172-180.

[31] Ivoclar Vivadent AG, Report No 2, Research and Devel-
opment Ivoclar Vivadent, March 2015. Available at:

64

https://ivodent.hu/__docs/748_13c1b7a8ch7fb256026744
€9bb362b76.pdf

[32] Badawy R, Aboalazm E. Microhardness of two bulk-fill
resin composites. Dent J. 2015; 61(5573): 5582.

[33] Jang JH, Park SH, Hwang IN. Polymerization shrinkage
and depth of cure of bulk-fill resin composites and highly
filled flowable resin. Oper Dent. 2015; 40: 172-180.

[34] Kramer N, Lohbauer U, Garcia-Godoy F, Frankenberger
R. Light curing of resin-based composites in the LED era.
Am J Dent. 2008; 21:135-142.

[35] Fronza BM, Ayres AP, Pacheco RR, Rueggeberg FA,
Dias CT, Giannini M. Characterization of inorganic filler
content, mechanical properties, and light transmission of
bulk-fill resin composites. Oper Dent. 2017; 42: 445-455.

[36] Reis AF, Vestphal M, Amaral RC, Rodrigues JA, Roulet
JF, Roscoe MG. Efficiency of polymerization of bulk-fill
composite resins: a systematic review. Braz Oral Res.
2017; 31: 37-48.


https://ivodent.hu/__docs/748_13c1b7a8cb7fb256026744

