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Objectives: Hardness is relevant to the degree of conversion (DC) and depth of
cure (DoC). The aim of this study was to determine the micro-hardness and DoC of
conventional and bulk-fill composite resins in class Il restorations using metal and
clear matrix bands.

Materials and Methods: Twelve specimens of each of the two composite resins,
i.e., Filtek Z350 XT bulk-fill and Gradia posterior conventional composite, were
prepared in the form of a class II cavity in a tooth mold, using a clear or metal
matrix band. All specimens were cured and stored at 37°C for 24 hours. Vickers
hardness was measured as a function of DoC at 2mm intervals. Data were analyzed
by two-way ANOVA (alpha=0.05).

Results: The bulk-fill composite exhibited significantly higher hardness levels
than the conventional composite in all tested surfaces (P<0.001). However, while
the metal matrix band had a significant impact on the bottom surface (P=0.059)
and also on the furthest surface from the matrix and light source (P=0.04), it did
not have a consistent effect across all tested surfaces. The simultaneous
interaction of the composites and matrix band types in all surfaces, did not show
significant differences in hardness values. The highest bottom-to-top surface
hardness ratio (73%) was observed in the conventional composite near the metal
matrix band.

Conclusion: In deep class II cavities, the bottom-to-top surface hardness ratio did
not reach the maximum of 80%, neither for bulk-fill nor conventional posterior
composites. Therefore, in such cavities extended light-curing and more
incremental composite placement is needed.
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INTRODUCTION

Dental composites are one of the most
commonly used restorative materials for the
anterior and posterior restorations. The
incremental placement technique (maximum of
2mm thickness) has been regarded as the gold
standard to apply and cure the composite resins
in increments of limited thickness. In addition to
increased clinical time and technical

complexities, other disadvantages of the
incremental filling technique include reduced
bond strength as well as void formation,
contamination, and bond failure between the
adjacent composite layers [1]. With advances in
polymer chemistry, photo-activation, and curing
light technologies, a new “class” of resin based
composites (RBCs) called bulk-fill composites
emerged that enable the application of
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composite resin in 4-5mm thick layers, which
are cured easily. Thus, they simplify the
restoration of large posterior cavities [2].

There are many concerns about the use of light
curing composites in class Il restorations
especially deep cavities; one of which is the
limited depth of cure (DoC) and the
probability of insufficient polymerization in
depth mainly for the bulk-fill composites [3].
As the distance between the light curing tip and
restoration increases, the light intensity
decreases much more proportionally. This
reduction is 7% at a distance of 2mm, reaching up
to 25% at a distance of 4mm [4]. Also, increasing
the composite thickness and the reduction of light
intensity caused by reflection, scattering, and
absorption by the first layer decrease the
polymerization rate, and consequently
compromise the physical, mechanical, and
biological properties of composite resins [5]. This
phenomenon can be correlated with the failure of
the restorations [6].

On the other hand, class Il cavity walls of
restorations are confined to the dental tissue and
the matrix band with a different index of
refraction (IoR). As we know, there is no
comprehensive study on the effect of band types
on composite polymerization. The IoR for the
steel and transparent bands is different from that
of the tooth structure. Therefore, the interactions
of light with these materials is different [7] and
there is a question about the effect of matrix band
type on composite polymerization.

The light cure composites are cured to a certain
depth. This depends on the penetration depth of
visible light into the composite mass. The
conversion rate decreases by an increase in depth
[8]. The DoC is the thickness of composite that is
adequately polymerized [9]. The use of thicker
increments in bulk-fill composite resins is due to
both developments in photo-initiator dynamics
and their increased translucency, which allows
additional light penetration and a deeper cure.
DoC is dependent on filler (type, size, and load),
light irradiance, exposure time, radiation
exposure, and also resin composition and shade
[10].

The DoC can be determined with several
methods. For dental composites, 1S0-4049
advocates scraping of the unset material after

Volume 20 | Article 20 | Jun 2023

irradiation and measuring the length of the set
specimen [11].

Also, by measuring the microhardness or
degree of conversion (DC) of the top and
bottom surfaces of a specimen, the DoC can be
determined [12]. The concept of DoC in the
scrape back technique differs from its
practical (clinical) meaning that is equal to the
depth at which the DC or hardness is 80-90%
of the maximum value at the top layer, which
is adjacent to the light source [13].

In general, the results of micro-hardness tests
show that the 1SO-4049 standard over-estimates
the DoC, particularly for the bulk-fill composites
[14,15]. Therefore, it will not be a good indication
for the clinical performance of composites. Also,
in vitro measurements of the hardness and DoC
are usually performed on standard composite
disks. The preparation of the standard disks in a
metal or Teflon molds will change the scattering,
absorption, and transmission of light compared
with the clinical setting where composite
restoration is surrounded by the tooth structure
[16].

Micro-hardness measurement is a common,
simple, and precise technique for indirect
measurement of dental composite resin
polymerization [9,17]. In this technique, the
acceptable values of the DC in the specified depth
are calculated as 80-90% of the upper layer
hardness [18].

Based on all the above, the purpose of this study
was to evaluate the DoC of two commonly used
bulk-fill and conventional composite resins with
metal and transparent matrix bands. The
following parameters were evaluated: (I) the
maximum Vickers hardness number (VHN), (II)
80% of the maximum VHN, and (III) the depth
corresponding to 80% of the maximum VHN.

MATERIALS AND METHODS

Tooth preparation:

Two mandibular third molars extracted for
orthodontic purposes were used in this study.
The teeth were free from defects and had proper
dimensions. One tooth was used to prepare a
mold, and the other was used as an adjacent tooth
for a class Il restoration. The teeth were
immersed in 0.05% Thymol solution for one
week for disinfection; then they were subjected

2/10



Musavinasab SM, et al

to scaling and root planing and kept in distilled
water for one week until the experiment.

The teeth were mounted in dental stone and to
achieve a flat occlusal surface, they were slightly
shortened by a rough diamond disc (OptiDisc
4200; Kerr, Switzerland). To optimize
accessibility, the Class Il cavity was prepared on
the occlusal surface rather than the proximal
surface (buccolingual dimension 6mm, mesio-
distal dimension 8mm, and occluso-gingival
height 4mm). This resulted in most of the cavity
height being situated on the occlusal surface,
allowing for effortless placement of the matrix
strip on the flattened occlusal surface.
Furthermore, instead of utilizing occlusal
exposure, exposure was achieved from the
proximal side of the cavity. In essence, this cavity
served as a tooth mold whereby the samples
were removed after curing.

Preparation of composite specimens:

A2 shade Filtek Z350 XT composite and Gradia
posterior conventional composite were used in
this study (Table 1). This shade decreases the
effect of pigments on composite polymerization
[15]. Filtek composite contains zirconia filler
particles (IoR=2.2) with different optical
properties from silica (IoR=1.53), and was
selected to investigate the effect of this filler on
light transmission and, consequently, the DoC of
the composite. To prevent composite-tooth
adhesion, petroleum jelly was applied on the
teeth and two groups of specimens were
prepared. In one group, a metal matrix band and
in the other group, a transparent matrix strip
was placed on the occlusal surface and held
firmly with fingers.

A wisdom tooth was fixed next to a transparent
strip using high viscosity silicone putty. This was
to simulate clinical situations regarding the
possibility of light reflection from the adjacent
tooth enamel into the class II cavity. The mold
was filled with two increments (4mm-thickness)
for the bulk-fill composite, and four increments
(2mm-thickness) for the conventional posterior
composite. The increments were cured using a
LED curing unit (Litex 695; Dentamerica, CA,
USA) with an intensity of 1200 mW/cm2 in the
free proximal tooth surface, according to the
manufacturer's instructions. Each layer of
composite was cured for 10 seconds from the
free side, then the metal strip was removed, and
the tooth was cured for another10 seconds from
buccal and another 10 seconds from the lingual
side. The surfaces were polished by a
consecutive series of polishing discs (OptiDisc
4200; Kerr, Switzerland) for the following

purposes:
. Removing the air inhibited layer.
. Easy placement of the samples in the

micro-hardness-test machine

Twelve samples were prepared from each
composite and matrix (i.e. totally 48 samples).
The top (A) and bottom (B) surfaces, and the
surfaces adjacent (C) and opposite (D) to the
strip were marked. The samples were placed in
an incubator at 37°C for 24 hours to complete
the polymerization process.

Micro-hardness tester.

The VHN of the composite surfaces was
measured by a micro-hardness tester (MicroMet
5114; Buehler, USA), under standard conditions.
To measure the hardness, the specimens were

Table 1. Specifications of the composite resins used in the present study

Combination of aggregated

Bis-GMA, Bis-  zirconia/silica cluster filler with

i 0,
g]l;il;iii? )(():ite) EMA, UDMA, primary particle size of 5-20nm, '(7553{)0/‘/:,;1) l?/ll\l/fl ES;’AE/ St Paul,
P TEGDMA nonagglomerated 20nm Silica Filler =70 ’
and cluster 0.6-1.4um
Gradia Direct Silica, pre-polymerized fillers, o
Posterior UDMA fluoro-alumino-silicate glass Zg 5{;}“‘%]) ](;C ;:r(:’ Tokyo,
(Microhybrid) (average particle size 0.85 micron) 0 p

Bis-GMA: bisphenol A-glycidyl methacrylate; Bis-EMA: bisphenol A ethoxylated dimethacrylate; UDMA: urethane dimethacrylate;

TEGDMA: triethylene glycol dimethacrylate urethane dimethacrylate
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Fig 1. Microscopic evaluation of composite surfaces (A) and Application of force on the composite samples using a

pyramid diamond probe (B)

first placed in the device, and the desired surface
was examined at x40 magnification to ensure
that the surface was free from any voids. Then
150g force was applied to the specimen for 15
seconds by a pyramid diamond probe with at
136° angle (Fig. 1).

The indentation of the pyramid probe was
recorded on the sample surface similar to a
positive sign (+) (Fig. 2). The VHN was
determined based on the mean value of the
vertical and horizontal dimensions of the
indentation. The VHN was measured at the
center of the top (A) and bottom (B) surfaces
of each sample.

The surfaces adjacent (C) and opposite (D) to the
matrix strip (i.e, mesiodistal length of the
sample) were divided into three parts (C1, C2, C3,
D1, D2, and D3) with the same length of 2mm
intervals. The first (C1, D1) and third (C3, D3)
parts were considered as the nearest and farthest
points from the light source, respectively.

The raw data from the micro-hardness tests
were analyzed using two-way analysis of
variance with a significant level of P<0.05.

RESULTS

The following results were obtained, based
on our statistical analysis:

The maximum mean micro-hardness was
observed at the (A) surface in bulk-fill
composite with metal matrix band
(VHNmax=185.36). The minimum micro-
hardness was found at the (B) surface in the
conventional composite near the transparent
strip (VHNmin=53.58).

In general, the measured hardness related to
the bulk-fill composite was significantly more
than the conventional composite (P<0.001) at
all tested surfaces. The effect of using metal
matrix bands on the hardness value was
significant on (B) and (D1) surfaces (P=0.05
and P=0.04, respectively).

Fig 2. Microscopic images of the probe trace on (A) conventional, and (B) bulk fill composite surfaces
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Table 2. Mean (* standard deviation) value of Vickers hardness values and the bottom-to-top surface

hardness ratio (B/A)

Metal
Filtek Z350 XT

Mylar

Metal
Gradia Direct Posterior

Mylar

185.4+31.2 110.7+29.8 59.7
177+42.4 102+18.4 57.6
88.5+11.4 64.6+3.3 73
94.4+10.4 53.6+4.2 56.7

The tests of between-subjects effects for
composites and matrix bands did not show
significant differences in hardness value in all
surfaces (P>0.05).

The depth corresponding to 80% of the
maximum value of hardness (DoC) was not the
same for the surfaces adjacent and opposite to
the metal and transparent strips. DoC near the
metal band was about 1mm greater than the
opposite surface. DoC near the metal strip in
bulk-fill and conventional composites was 3
and 4mm, respectively. DoC near the
transparent strip was 1mm less than the metal
strip. DoC in the bulk-fill and conventional
composites was 2 and 3mm, respectively.
According to Table 2, the bottom to top surface
hardness ratio (B/A) did not reach 80% in any
of the samples. The maximum ratio (73%) in
the conventional composite was observed near
the metal strip. This ratio for bulk-fill
composite with metal and transparent bands
and conventional composite with the
transparent strip was 59.7%, 57.6%, and
56.7%, respectively. The B/C2 and B/D2 ratios
exceeded 80% and the C2/A, D2/A ratios
varied between 60-70%.

The ratios of B/C3 and B/D3 in the
conventional composite were approximately
100%. The ratios of C3/C2 and D3/D2 near
the metal and transparent bands were 80%
and 75%, respectively. The ratios of C2/C1,
D2/D1 for the samples were measured to be
>80%. The ratios of C1/A and D1/A were
measured to be >90% and 100% for the metal
and transparent bands, respectively.
Therefore, it can be concluded that the
positive effect of metal matrix band on this
ratio in deep layers was more significant than
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the surface layers, as can be seen in Figures 3.
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Fig 3. Microhardness in bulk fill (BF) and
conventional (CO) composites with metal (MTL)
and transparent (MLR) bands measured near A and
B surfaces (chart A), adjacent to the matrix strip for
C1, C2, and C3 surfaces (chart B), and D1, D2, and
D3 surfaces (chart C)
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Fig 4. The C/D ratio of hardness at different depths for bulk fill (BF) and conventional (CO) composites with

metal (MTL) and transparent (MLR) bands.

According to Figure 4, the C/D ratio of hardness
was only less than 1 for the bulk-fill composite
with the transparent strip and was more than 1
in all other groups

DISCUSSION

The results of this study showed that there was
a significant difference in micro-hardness values
between the studied groups for the composite
types (P=0.0001). The maximum mean value of
VHN was measured near the curing unit (surface
A) for the bulk-fill composite with the metal
band (185.36). This is due to the intense reaction
of bulk-fill composite to the light and the effect of
light reflected by the metal band [19]. The
minimum mean value of VHN was found for the
conventional composite on the B surface and
near the transparent band (53,58).

The possible reasons for higher hardness of
Filtek Z350 XT are the nano-sized particles and
more filler load [20]. Besides, Gradia and Filtek
Z350 XT composites contain fluoro-alumino-
silicate and silica-zirconia, respectively. Fillers
containing silica have a lower hardness than
zirconia and their bonding to resin matrix is
more difficult [21].

The B/A ratio of hardness did not reach 80% in
any of the samples. The great light reduction by
transmission through the composite mass and
increasing the depth of restoration, decreased
the micro-hardness [8].

Volume 20 | Article 20 | Jun 2023

The degree of conversion of bisphenol A-glycidyl
methacrylate (Bis-GMA) monomer in Filtek
Z350 XT is lower than that of UDMA in the
Gradia composite [22]. Sideridou et al [23]
showed that the presence of amine group in the
urethane structure of urethane dimethacrylate
(UDMA) monomer caused a chain transfer reac-
tion, continuation of polymerization reaction, an
increase in mobility of free radicals, and
consequently, an increase in polymerization.

A previous study showed that the smaller the
filler particles, the greater the light scattering
during light curing would be, resulting in a
reduction in DC. On the other hand, by increasing
the filler content of Filtek Z350 XT, the amount
of light transmission through the composite
mass and the hardness decrease [24]. Therefore,
in bulk-fill composite, light scattering is higher
because of the smaller size of nano-fillers and
higher load of fillers [25]. The larger particles in
the  conventional  micro-hybrid  Gradia
composite also have a higher DoC because of
lower light scattering [26]. Comparison of the
DoC of nanofilled, nano-hybrid, and microfilled
composites indicated that the bottom-to-top
surface hardness ratio reached 80% only in the
hybrid composite [27]. A nanofilled and a micro-
hybrid composite were used in a class II
restoration in the present study, and this ratio
did not reach 80%. The next factors that affect
DC are the optical properties of the material, i.e,,
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[oR of zirconia filler (IoR=2.35) is not the same
as that of resin matrix. The closer the filler
refraction index to that of the resin matrix, the
better the light transmission through the
composite mass and the higher the DC and DoC
would be [15].

When evaluating composites of the same shade,
Gradia stands out as having superior trans-
lucency and light transmittance in comparison
to other opaque composites and bulk-filled
alternatives used in the current study. These
characteristics lead to greater polymerization at
deeper levels [28]. Furthermore, the conven-
tional composites exhibit a higher bottom-to-top
surface hardness ratio as a result of the
additional layers and extended exposure time of
deeper levels. This is in line with the findings of
a prior investigation by Poskus et al [22].

In Gradia conventional composite, the bottom-
to-top surface hardness ratio for nearly all layers
and the surface adjacent to the transparent and
metal matrixes was above 80% and for the
deepest layer, it reached almost 100%.
However, for the bulk-fill composite, this ratio
only for the deepest layer reached to more than
80% and for the top surface, this ratio varied
from 60-70%, which was consistent with
previous studies [22]. Aggarwal et al. [29]
reported that the high-viscosity bulk-fill
composites were not sufficiently cured in 4-mm
increments. The above-mentioned findings
were not consistent with the results of Cetin et
al, [30] and Alrahlah et al [31], who showed that
most of the bulk-fill composites have a bottom-
to-top surface ratio of 80% at the depth of 4mm.
On the other hand, the results are contradictory
with those of Garcia et al [32], who did not
record any difference in the bottom-to-top
surface hardness ratio of four types of bulk-fill
and conventional composites. This may be due
to the cumulative effect of light on the
conventional composite layers, and the first
layer of the bulk-fill composite. The deep layers
of conventional composites receive extra light
and experience greater polymerization [32].
Cornelio et al. [33] showed the positive effect of
exposure time on DoC. Rueggeberg et al. [34]
demonstrated that the LED intensity and the
exposure time were the main effective factors
to determine DoC for depths of more than 2Zmm.
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De Jong et al. [35] reported that the 10-second
exposure time for each 2mm of the conventional
composite provided sufficient hardness in small
to medium class Il restorations. In this study, the
dimensions of the restoration were 6x5x4mm
and the illuminating distance from the
restoration surface was 1mm. Therefore,
achieving a sufficient DC in deeper and wider
posterior restorations will be more difficult [36].
We prepared a 4x6x8mm cavity, thus, the
distance between the LED and gingival margin
was 9mm. The results indicated that in the deep
areas, the bottom-to-top surface hardness ratio
did not reach 0.8 in any of the composites.
Therefore, sufficient DC was not achieved at the
depth of restorations. It is worth to mention that
these results are related to two types of
composites and cannot be generalized to other
composites or darker shades of this composite.
The DoC corresponding to 80% of the
maximum hardness near the metal strip was
3mm and 4mm in the bulk-fill and conventional
composites, respectively. This was in conflict
with the recommended ISO standard values for
these composites. It can be deduced from the
results that the clinical and standard values of
DoC are different depending on the composite
and restoration type, the number of layers, and
the exposure time. The reason for this may be
attributed to the time of exposure of this layer
(4mm) of the conventional composite. This
layer is exposed to the cumulative exposure
time of 20 seconds. The manufacturer claims
that the exposure time of 10 seconds for the
LED device with an output of more than 1200
mW/cm2 is sufficient for polymerization of
composites. This exposure time leads to a
reduction in the hardness, DoC and clinical DC,
which is also expressed in previous studies
[16,37]. This is more significant in the gingival
floor of the restoration because of the increase
of the distance from the LED and light loss due
to transmission through the composite mass.

In all study groups, the values of hardness near
the metal matrix strip were more than other
points, which were statistically significant in (B)
and (D1) surfaces (P=0.05 and P=0.04,
respectively). However; it can affect the clinical
DoC. These results coincide with the results of a
study by Menees et al, [37] and contradict the
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study by Cornelio et al, [33] since they used a
maximum exposure time (40 seconds), which
may eliminate the effect of mold type on the DoC.
Price et al. [38] demonstrated that DoC
increased with increased values of the mold
diameter, and the cure near the metal strip was
less than the center of the mold, which was
different from our findings. Comparison of the
results shows that the positive effect of metal
strips on hardness and DoC is more significant
in critical conditions. Therefore, by increasing
the distance from the LED, -either vertically
(increasing the depth of a restoration) or
horizontally (increasing the diameter of a
restoration)- or using an opaque composite, the
use of metal strips will have more advantages.

The hardness near the transparent strip was
less than the opposite surface, which was an
intact tooth (P>0.05); however, this was not
statistically significant. It may depend on the
[oR. The IoR of steel, cement, dentin, and
enamel is 2.5, 1.58, 1.54, and 1.63, respectively
[39,40]. The IoR of zirconia filler in bulk-fill
composites, glass in conventional composites
and air is 2.35, 1.5, and 1, respectively.
Therefore, the light interactions are different in
different materials, and the hardness may be
reduced by decreasing IoR. Consequently, we
recommend longer exposure time (two times
the rate instructed by the manufacturer) to
ensure complete curing at the depth of
restorations, especially for bulk-fill composites.

CONCLUSION

The hardness of Filtek Z350 was greater than
Gradia Posterior composite. The bottom-to-
top surface hardness ratio did not reach more
than 80% in any of the above-mentioned
composites. The maximum bottom-to-top
surface hardness ratio (73%) was found in
the conventional composite in use of metal
strip. The clinical DoC of the composites in
class II restorations was different from the
[SO standard.

ACKNOWLEDGEMENTS

We would like to thank the Faculty of
Materials of Isfahan University of Technology
for its cooperation and assistance in
conducting microhardness tests.

Volume 20 | Article 20 | Jun 2023

CONFLICT OF INTEREST STATEMENT

None declared.

REFERENCES

1. Yu P, Yap A, Wang XY. Degree of
Conversion and Polymerization Shrinkage of Bulk-
Fill Resin-Based Composites. Oper Dent. 2017
Jan/Feb;42(1):82-89.

2. Leprince ]G, Palin WM, Vanacker ],
Sabbagh ], Devaux ], Leloup G. Physico-mechanical
characteristics of commercially available bulk-fill
composites. ] Dent. 2014 Aug;42(8):993-1000.

3. Jadhav S, Hegde V, Aher G, Fajandar N.
Influence of light curing units on failure of
directcomposite restorations. ] Conserv Dent. 2011
Jul;14(3):225-7.

4, Santos A, Proenca L, Polido M, Cristina
Azul A. Depth of cure of bulk-fill light cured
composite resins with different initiators. Annals
Med. 2019 Mar 29;51(sup1):141.

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

6. Ruyter IE, Oysaed H. Conversion in
different depths of ultraviolet and visible light
activated composite materials. Acta Odontol Scand.
1982;40(3):179-92.

7. Stokkers GJ, van Silfhout A, Bootsma GA,
Fransen T, Gellings PJ. Interaction of oxygen with
an AISI 314 stainless steel surface studied by
ellipsometry and auger electron spectroscopy in
combination with ion bombardment. Corros Sci.
1983;23:195-204.

8. Lima RBW, Troconis CCM, Moreno MBP,
Murillo-Gémez F, De Goes MF. Depth of cure of bulk
fill resin composites: A systematic review. ] Esthet
Restor Dent. 2018 Nov;30(6):492-501.

9. Leprince ]G, Leveque P, Nysten B, Gallez B,
Devaux |, Leloup G. New insight into the "depth of
cure" of dimethacrylate-based dental composites.
Dent Mater. 2012 May;28(5):512-20.

10. 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 Mar-Apr;40(2):172-80.

11. Tsai PC, Meyers 1A, Walsh L]. Depth of cure
and surface microhardness of composite resin
cured with blue LED curing lights. Dent Mater.
2004 May;20(4):364-9.

12. Schattenberg A, Lichtenberg D, Stender E,
Willershausen B, Ernst CP. Minimal exposure time
of different LED-curing devices. Dent Mater. 2008
Aug;24(8):1043-9.

13. Alshali RZ, Silikas N, Satterthwaite ]D.
Degree of conversion of bulk-fill compared to

8/10



conventional resin-composites at two time
intervals. Dent Mater. 2013 Sep;29(9):e213-7.

14. Flury S, Hayoz S, Peutzfeldt A, Hiisler J,
Lussi A. Depth of cure of resin composites: is the
ISO 4049 method suitable for bulk fill materials?
Dent Mater. 2012 May;28(5):521-8.

15. Benetti AR, Havndrup-Pedersen C,
Honoré D, Pedersen MK, Pallesen U. Bulk-fill resin
composites: polymerization contraction, depth of
cure, and gap formation. Oper Dent. 2015 Mar-
Apr;40(2):190-200.

16. Harrington E, Wilson HJ. Depth of cure of
radiation-activated materials--effect of mould
material and cavity size. ] Dent. 1993
Oct;21(5):305-11.

17. Poggio C, Lombardini M, Gaviati S, Chiesa
M. Evaluation of Vickers hardness and depth of
cure of six composite resins photo-activated with
different polymerization modes. ] Conserv Dent.
2012 Jul;15(3):237-41.

18. 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
Jul-Aug;33(4):408-12.

19. Bouschlicher MR, Rueggeberg FA, Wilson
BM. Correlation of bottom-to-top surface
microhardness and conversion ratios for a variety
of resin composite compositions. Oper Dent. 2004
Nov-Dec;29(6):698-704.

20. Cekic-Nagas I, Egilmez F, Ergun G. The
effect of irradiation distance on microhardness of
resin composites cured with different light curing
units. Eur ] Dent. 2010 Oct;4(4):440-6.

21. Oberholzer TG, Grobler SR, Pameijer CH,
Hudson AP. The effects of light intensity and
method of exposure on the hardness of four light-
cured dental restorative materials. Int Dent ]J.
2003 Aug;53(4):211-5.

22. Poskus LT, Placido E, Cardoso PE.
Influence of placement techniques on Vickers and
Knoop hardness of class II composite resin
restorations. Dent Mater. 2004 Oct;20(8):726-32.
23. Sideridou I, Tserki V, Papanastasiou G.
Effect of chemical structure on degree of conversion
in light-cured dimethacrylate-based dental resins.
Biomaterials. 2002 Apr;23(8):1819-29.

24. da Silva EM, Almeida GS, Poskus LT,
Guimaraes ]JG. Relationship between the degree of
conversion, solubility and salivary sorption of a
hybrid and a nanofilled resin composite. ] Appl
Oral Sci. 2008 Mar-Apr;16(2):161-6.

25. Turssi CP, Ferracane ]JL, Vogel K. Filler
features and their effects on wear and degree of
conversion of particulate dental resin composites.

Volume 20 | Article 20 | Jun 2023

Musavinasab SM, et al

Biomaterials. 2005 Aug;26(24):4932-7.

26. da Silva EM, Poskus LT, Guimaraes ]G.
Influence of light-polymerization modes on the
degree of conversion and mechanical properties
of resin composites: a comparative analysis
between a hybrid and a nanofilled composite.
Oper Dent. 2008 May-Jun;33(3):287-93.

27. Taher NM. Degree of Conversion and
Surface Hardness of Two Nanocomposites
Compared to Three Other Tooth-Colored
Restorative Materials. Pak Oral Dent .
2011;31:457-463.

28. Lassila LV, Nagas E, Vallittu PK, Garoushi
S.  Translucency of flowable bulk-filling
composites of various thicknesses. Chin | Dent
Res.2012;15(1):31-5.

29. Aggarwal N, Jain A, Gupta H, Abrol A,
Singh C, Rapgay T. The comparative evaluation of
depth of cure of bulk-fill composites-An in vitro
study. ] Conserv Dent. 2019; 22: 371-375.

30. Cetin AR, Hataysal AE, Kaplan TT, Botsali
MS. Depth of cure and microhardness of a new
composite vs. bulk-fill composites. ] Res Med Dent
Sci. 2019 Sep;7(5):53-9.

31. Alrahlah A, Silikas N, Watts DC. Post-cure
depth of cure of bulk fill dental resin-composites.
Dent Mater. 2014 Feb;30(2):149-54.

32. Garcia D, Yaman P, Dennison J, Neiva G.
Polymerization shrinkage and depth of cure of
bulk fill flowable composite resins. Oper Dent.
2014 Jul-Aug;39(4):441-8.

33. Cornelio RB, Kopperud MH, Haasum ],
Gedde UW, (jrtengren U. Influence of different
mould materials on the degree of conversion of
dental composite resins. Braz ] Oral Sci. 2012 Oct-
Dec;11(4):469-474.

34. Rueggeberg FA, Caughman WF, Curtis JW
Jr. Effect of light intensity and exposure duration
on cure of resin composite. Oper Dent. 1994 Jan-
Feb;19(1):26-32.

35. de Jong LC, Opdam NJ, Bronkhorst EM,
Roeters ], Wolke ]G, Geitenbeek B. The
effectiveness  of  different polymerization
protocols for class Il composite resin restorations.
J Dent. 2007 Jun;35(6):513-20.

36. Oberholzer TG, Schiinemann M, Kidd M.
Effect of LED curing on microleakage and
microhardness of Class V resin-based composite
restorations. Int Dent J. 2004 Feb;54(1):15-20.
37. Menees TS, Lin CP, Kojic DD, Burgess JO,
Lawson NC. Depth of cure of bulk fill composites
with monowave and polywave curing lights. Am ]
Dent. 2015 Dec;28(6):357-61.

38. Price RB, Dérand T, Loney RW, Andreou
P. Effect of light source and specimen thickness on

9/10



Bulk-fill Composites in Class Il Restorations

the surface hardness of resin composite. Am ]
Dent. 2002 Feb;15(1):47-53.

39. Wang X], Milner TE, de Boer JF, Zhang Y,
Pashley DH, Nelson ]S. Characterization of
dentin and enamel by use of optical coherence
tomography. Appl Opt. 1999 Apr

Volume 20 | Article 20 | Jun 2023

1;38(10):2092-6.

40. Arikawa H, Shinohara N, Takahashi H,
Kanie T, Fujii K, Ban S. Light transmittance
characteristics and refractive indices of light-
activated pit and fissure sealants. Dent Mater J.
2010 Jan;29(1):89-96.

10/ 10



