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Can bulk-fill compromise the curing potential in deep cavities?
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ABSTRACT

Objective: To determine the effect of the restorative technique, material’s opacity and the selected light
sources on the curing potential (CP) in deep cavities. Material and Methods: The radiant exitance (mW/cm?)
of two light curing units (Bluephase G2 and Radii-Cal) was determined at 0 and 8 mm distance from a power
meter sensor (Ophir). Two bulk-fill composites of regular consistency (Opus, FGM; and Filtek One, 3M) and a
conventional one (Sirius-Z, DFL) were considered and the level of their opacity were determined by a sphere-
based spectrophotometer (SP60, X-Rite). The degree of C=C conversion (DC) was determined by spectroscopy
(FTIR-ATR) at 0.05 and 8 mm depths and the CP considered the ratio between them. The “incremental technique”
considered 4 increments of 2mm thickness each, whereas the “bulk-fill technique considered 2 increments of
4mm-thickness. Data were submitted to analysis of variance and Tukey’s test (95%). Pearson’s correlation tests
were performed to calculate the possible relation between curing potential and materials’ opacity. Results: With
the incremental technique it was possible to achieve high CP regardless of the light source. The CP of bulk-fill
composites was dependent on the light source, whereas Radii-Cal compromised the DC at 8 mm for both materials.
The correlation between opacity and CP was dependent on the light source (r = 0.891707246 for Radii-Cal; r =
0.515703768 for Bluephase G2). Conclusion: The bulk-fill technique was dependent on the light source while
the incremental was not. The influence of materials’ opacity was dependent on the light curing unit.
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RESUMO

Objetivo: Determinar o efeito da técnica restauradora, a opacidade do material e as fontes de luz selecionadas
sobre o potencial de cura (PC) em cavidades profundas. Materiais e métodos: A saida radiante (mW/cm2)
de duas unidades de cura por luz (Bluephase G2 e Radii-Cal) foi determinada a O e 8 mm de distdncia de um
sensor de poténcia (Ophir). Dois compdsistos bulkfill de consisténcia regular (Opus, FGM; e Filtek One, 3M)
e um convencional (Sirius-Z, DFL) foram considerados e o nivel de sua opacidade foi determinado por um
espectrofotometro (SP60, X-Rite). O grau de conversdo C=C (DC) foi determinado por espectroscopia (FTIR-
ATR) a 0,05 e 8 mm de profundidade e o PC considerou a relagéo entre eles. A técnica incremental considerou 4
incrementos de 2 mm de espessura cada, enquanto que a técnica bulkfill considerou 2 incrementos de 4 mm de
espessura. Os dados foram submetidos a andlise de variancia e ao teste de Tukey (95%). Os testes de correlacdo
de Pearson foram realizados para calcular a possivel relacdo entre o potencial de cura e a opacidade dos materiais.
Resultados: Com a técnica incremental foi possivel obter um PC elevado, independentemente da fonte de luz. O
PC de compdsitos bulkfill foi dependente da fonte de luz, enquanto que Radii-Cal comprometeu o DC em 8 mm
para ambos os materiais. A correlacdo entre opacidade e PC foi dependente da fonte de luz (r = 0,891707246
para Radii-Cal; r = 0,515703768 para Bluephase G2). Conclusao: O potencial de polimerizacio para a técnica
bulkfill foi dependente da fonte de luz, enquanto para a técnica incremental ndo. A influéncia da opacidade dos
materiais sobre a capacidade de polimerizacédo foi dependente da unidade de fotoativacao.
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INTRODUCTION

Resin composites have become widespread
used in the dental practice due to the ability to
naturalness restore anterior and posterior teeth
in a single session, in a practical and functional
way at an affordable price and with less operative
time, when compared to ceramic materials [1,2].

Despite the evolution over the years, this
material still had some disadvantages, such
as polymerization stress and low activation
capacity at great depths [3]. To reduce these
shortcomings, the incremental technique was
proposed to guarantee the necessary light
penetration and to reduce the polymerization
shrinkage stress. This technique has been used
until today, but it is a delicate procedure that
demands a long working time. Thus, alternative
formulations were launched on the market [4],
but the theoretical advantages did not reflect
in clinical benefits. More recently, bulk-fill
composites were developed and seem to be
occupying good portion of daily clinical use in
restorative dentistry [5].

Bulk-fill resin-based composites were
developed to allow the operator to sculpt with
greater ease and shorter working time due to the
insertion of larger increments in the cavity [5,6].
However, despite the several advantages related
to such composites, it is necessary to understand
how they behave when used in clinical scenarios
of extremely deep cavities. Several studies have
already been carried out with bulk-fill composites,
but usually considering increments of a maximum
of 4 or 5mm in depth, which differs from several
clinical situations that dental surgeon faces
in clinical routine as for example in cases of
restorations involving proximal posterior teeth
walls or even when it is necessary to make a filling
core in endodontically treated teeth [5,7,8].

In general, bulk-fill composites were
initially presented in formulations with a high
translucency degree so that there would be an
adequate passage of light emitted by the light
source and consequently a satisfactory activation
of the increment [9]. However, the high aesthetic
demand has made manufacturers to develop
materials with a greater opacity degree [10,11].

Can bulk-fill compromise the curing potential in deep cavities?

As consequence, questions arise about the
possibility of adequate activation of these
increments, as the more opaque materials tend
to block the passage of light. Furthermore, the
studies with bulk-fill resins usually consider the
use of light sources of high irradiance, many of
them of high cost, which does not reflect the
working condition of every clinician [12].

In view of the existing doubts to date, the
present study aimed to determine the influence
of the operative technique (conventional or
bulk-fill), material’s opacity and the light sources
on the curing potential (CP) in deep cavities.
The research hypothesis was that bulk-fill
composites have a superior polymerization
capacity to the incremental technique regardless
of the materials’ opacity and the light curing unit.

MATERIALS AND METHODS

Materials used

The current investigation used two bulk-fill
composites of regular viscosity (Opus - FGM and
Filtek One - 3M) and a conventional one for the
incremental technique (Sirius Z - DFL). Table I
shows the materials’ formulations described by
the manufacturers.

Characterization of materials’ opacity

To quantitatively determine the opacity level
of each material, disk-shaped samples (n = 3) were
made in a Teflon-based mold (10mm in diameter
and 1mm in thickness). After 24 hours of dry and
dark storage, the samples were placed on white (L*
=93.7,a* = 1.2, b* = 0.8) and black (L* = 8.6;
a* =-0.7; b* = -1.5) standardized backgrounds
for readings with spectrophotometer (SP60 X-Rite,
Grand Rapids, Michigan, EUA) in reflection mode
to determine L*, a*, b* parameters, where L*
represents the luminosity (100 is white and O is
black), a* and b* represent the red-green and
yellow-blue chromaticity coordinates, respectively.
Thus, opacity was determined by the translucency
parameter (TP), which was calculated using the
formula described below:
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Table I - Resin composites used in the current study

Can bulk-fill compromise the curing potential in deep cavities?

Sirius Z (DFL) Bis-GMA, TEDGAMA, UDMA, bis-EMA,
Aluminum Borosilicate, Zirconia Glass,

(Batch #19070787) Camphorquinone, BHT, Pigments.

Urethane-methacrylic monomers,
Oligometracrylics with spatial
conformation in alpha helix, urethane
oligomers.

Opus APS (FGM)

(Batch #130519)

Filtek One (3M)

AUDMA, UDMA and 1, 12-dodecano-
DMA.

(Batch #N895057)

2

*

+(b Wb

ﬂ% ®

* * 2 * *
TP=|:(LW-L b) +(a w-a b)
where “w” refers to those values measured on
the white background and “b” on the black.

The equipment was previously calibrated in its
calibration standard before each sample reading.

Light sources

Considering the purpose of the study, two
light sources based on LEDs were considered:
Radii-Cal (SDI, Bayswater, Victoria, Australia) and
Bluephase G2 (Ivoclar Vivadent, Liechtenstein).
The radiant exitance of each source was
determined by dividing the power - determined
in mW by a power meter (Ophir Optronics
Solutions, Jerusalem, Israel) - by the emission
area of the light source (in cm?). Readings were
performed with the LCU tip directly positioned
on the power meter’s sensor and also with a
8 mm-thickness spacer.

Degree of conversion

The degree of conversion was determined
by Fourier-transformed infrared spectroscopy
with an attenuation reflectance accessory (ATR-
FTIR, Alpha, Bruker Optics, Ettlingen, Germany).
Readings were taken at every 4 mm-thickness
increment when bulk-fill composites were used
and every 2mm-thickness increment when
the conventional composite was considered.
For spectral analysis, the vibrating modes of the
carbon chains in the peaks of ~1638 cm™! (aliphatic
bonds) and ~1608 c¢cm! (aromatic bonds) were
considered before and after the photoactivation

silanized silicon dioxide, 10 um, 2 ym, 1 um

Volume: 62%-63%

Particles with an average size of 0.7 ym;

Particle size range 0.01-4.5um. Weight: 77%-78%

Special initiators (APS system). Load of
Weight: 79%
and 0.7 um barium glass.

20 nm silica particles; non-agglomerated/

non-aggregated, zirconia particles from Volume:58.5%
4 to 11 nm non-agglomerated/non-

aggregated, zirconia/silica nano-

agglomerates (composed of 20 nm silica
particles and 4 to 11 nm zirconia particles)

Weight: 76.5%.
and particles of ytterbium trifluoride in

100 nm agglomerated particles.

process, considering the manufacturers’
recommended light exposure times. Thus, the
degree of conversion (DC, in %) was determined
by the formula:

%DC = 100 X{l-{ (C=C_yreq /aromatic yeq) :H (2)

(C=Cuncured/aromaticyncyred )

Statistical analysis

One-way analysis of variance (ANOVA) and
Tukey’s tests (95% significance) were applied
for those results of opacity. The results of the
degree of conversion obtained from the FTIR
analyses were submitted to two-way ANOVA
(light curing unit and depth) and the Tukey’s test
(95% significance). Independent analyzes were
performed for each material tested.

Pearson’s correlation tests (95%) were used
to verify the potential relationship between
material’s opacity and the loss of conversion as
a function of depth. Independent analyzes were
used for each light source tested.

RESULTS

Table II illustrates the values found for the
opacity degree of each material and it is possible
to observe that Sirius-Z was the most translucent
material and Filtek One the most opaque. Opus
BF presented intermediate values.

Table Il illustrates the radiant exitance values
obtained by the light curing units. According to data
taken from the LCU tips close to the power meter
sensor, there was no great difference between
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the results obtained, with Bluephase G2 higher
than Radii-Cal. However, when considering the
outcomes observed with light sources with 8mm
spacing it is possible to see a huge discrepancy,
with the Bluephase G2 showing a higher result
than Radii-Cal (255% higher).

Figure 1 details the degree of conversion as
a function of depth and LCU for Sirius-Z resin
composite, where there were no significant
differences as a function of depth and LCU.

Table I - Opacity values for each material tested

Sirius-Z A2 54+1 ¢
Opus BF A2 581 b
Filtek One A2 61+1 a

Mean values followed by distinct small case letters are statistically
different.

Table Il - Radiant exitance values emitted by light sources

Bluephase G2 1218 827 67
Radii-Cal 1177 377 32

Can bulk-fill compromise the curing potential in deep cavities?

The degree of conversion at the bottom of the
cavity as a function of light exposure by the
incremental technique is shown in Figure 2.
Although the Radii-Cal source promotes lower
initial values, the degree of conversion is increased
as new light exposures are performed with
subsequent increments.

Figure 3 presents the degree of conversion
as a function of depth and LCU for Opus BF
resin composite, where in the top region had no
difference in the degree of conversion depending on
the light source used, while in the base region the
light source Radii-Cal produced lower conversion
values. It was observed that, in both light sources,
the degree of conversion of the base was lower
than the one produced at the top. The average
conversion values of the Opus BF resin at the
bottom of the cavity as a function of light exposure
are shown in Figure 4. As can be seen, additional
light exposure resulted in the largest discrepancy in
values produced by the tested light sources.

In Figure 5, the values of the Filtek One resin
were presented, where the top results had little
difference, while the base values were higher
in the Bluephase. The degree of conversion of

DC as a function of depth - Sirius-Z

[

60
50
40
30
20
10

0

Bluephase G2

mTop
8mm

i
I

Radii-Cal

Figure 1 - Degree of conversion as a function of depth and LCU for Sirius-Z resin composite.

DC at 8mm depth - Siriuz-Z

=—Eluephase G2

-~ Radii-Cal

1st 2nd
Exposure

3rd 4th

Figure 2 - Degree of conversion at the bottom of the cavity as a function of light exposure when using the incremental technique (Sirius Z).
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DC as a function of depth - Opus BF

Bluephase G2

W Top
8 mm

Radii-Cal

Figure 3 - Degree of conversion as a function of depth and LCU for Opus BF resin composite.

DC at 8mm depth - Opus BF
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35
0
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Figure 4 - Degree of conversion at the bottom of the cavity as a function of light exposure when using the bulk fill technique with Opus BF.

DC as a function of depth - Filtek One

Bluephase G2

[ mTop
Emm

Radii-Cal

Figure 5 - Degree of conversion as a function of depth and LCU for Filtek One resin composite.

the base was slightly higher in the Bluephase
light source and in the Radii-Cal light source
the degree of conversion of the base was lower
when compared to the top. Figure 6 shows the
degree of conversion of Filtek One resin to the
bottom of the cavity as a function of exposure
to light. Despite the degree of conversion being
higher with the exposure to the second increment
for both light sources, the superiority of the
Bluephase G2 source was maintained.

The loss of conversion percentage due to
depth and the source of light employed is shown
in Figure 7. It can be seen that for the incremental

Braz Dent Sci 2022 Apr/Jun;25 (2): e2999

technique with Sirius-Z resin there was no loss of
conversion, regardless of the light source employed
values were higher than those verified for the most
superficial region. Regarding bulk-fill resins, it can
be seen that the loss of conversion as a function
of depth was dependent on the light source used.
Figures 8 and 9 show the relationship between
opacity and loss of conversion due to depth when
using the Radii-Cal and Bluephase G2. When
considering the correlation coefficients determined
by the Pearson test, it appears that the correlation is
significant when using the Radii-Cal source, but the
same was not evidenced when using Bluephase G2.
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DC at 8 mm depth - Filtek One

75
70
65

R 55

Figure 6 - Degree of conversion

ES

Figure 7 - Degree of conversion

Figure 8 - Relationship between

DC loss ratio ()

Figure 9 - Relationship between

DC loss ratio (%)

——Bluephase G2

0 -- Radii-Cal

a5

35
30
1st
Exposure

at the bottom of the cavity as a function of light exposure when using the bulk fill technique with Filtek One.

DC loss ratio (%) % as a function of LCU and material.
30

25
20
15

10 W Bluephase

Radii-Cal

-10

Sirius-Z Opus BF Filtek One

loss ratio according the materials' and LCUs tested.

Relatio between DC loss ratio and opacity - Radii-Cal

56 57 58 59 61 62

-10
Opacity (%)

materials' opacity and degree of conversion loss ratio when using Radii-Cal LCU.

Relation between DC loss ratio and opacity - Bluephase G2
30

25
20
15

10

62

Opacity (34)

materials' opacity and degree of conversion loss ratio when using Bluephase G2 LCU.
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DISCUSSION

The simplicity of bulk-fill technique arouses
great interest from a clinical perspective due to
the potential working time reduction [13,14].
However, it is foreseeable that questions arise
regarding the effectiveness of the polymerization
and whether it is associated with the translucency
degree of the material used in deep cavities. Thus,
the current research determined the influence of
the operative technique and the light curing unit
on the degree of conversion due to the depth of
bulk-fill composites with different translucency
degrees. The research hypothesis - that bulk-
fill composites have a superior polymerization
capacity to the incremental technique regardless
of the commercial brand and light source
employed — was rejected.

In order to increase the depth of
polymerization, approaches in the literature
report that in order to obtain greater translucency
and guarantee the adequate passage of light
throughout the increment, the amount of charge
particles is reduced and the size of these particles
increased [15]. In addition, the relationship
between light filling and dispersion matrix
is reduced so that light can penetrate deeper
areas [16]. Some manufacturers claim that to
the monomer to be fully converted to polymer,
even if inserted in 4mm increments and with an
acceptable opacity value, alternative photoinitiator
systems can be added [6], as the APS system
employed in Opus bulk-fill APS resin. However,
this same material has greater translucency
and it cannot be said that the effectiveness of
polymerization is associated with the initiation
system. In the opposite Filtek One becomes more
opaque during photoactivation, although they are
highly translucent at the beginning of activation.
As the quality of activation in deeper layers is
directly influenced by the number of photons that
reach these areas, an improved opacity during
polymerization can negatively affect the kinetics
of photoactivation and the degree of conversion in
deeper layers [17]. Indeed, the current outcomes
confirm that this material presented the highest
opacity within the tested composites.

Two light sources were chosen as
representatives of possible scenarios to be
observed in clinical practice. One of them is quite
popular within clinicians (Radii-Cal) and the other
one (Bluephase G2) is known to be a powerful
light source with a great capacity for activation,

Can bulk-fill compromise the curing potential in deep cavities?

as demonstrated by previous publications [18-
20]. In the present study, Radii-Cal emitted and
Bluephase G2 presented similar when considered
those readings taken close to the power meter
sensor, but high discrepancy as the light source
was moved 8mm away. The difference can be
caused by factors such as varied beam profiles or
active tip diameter. It should be considered that
the Radii-Cal device has a LED protective lens, an
acrylic part adapted to the device’s tip and which
causes an increase in its diameter, a factor that
can significantly influence the amount of light
dissipated and capable of reach the bottom of
thick restorations [20].

The degree of conversion considers the
amount of monomers converted into polymers
and therefore is associated with the resultant
physical-mechanical properties, such as color
stability, surface hardness, fracture resistance and
others. Thus, a low conversion can be resultant
from free monomers, which may be leached in the
presence of oral cavity moisture and accelerate
the degradation process of resin-based composite
and compromise its durability [21,22]. Therefore,
it is essential that the activation process occurs
efficiently. Regarding the incremental technique,
the degree of conversion as a function to depth
(Figure 1) was not affected by the light curing
unit. Although Radii-Cal presents lower radiant
exitance than Bluephase G2, the overexposure
of light in multiple increments appears to
attenuate the differences arising from the light
curing devices. Furthermore, most increments
of conventional resins become progressively
translucent during polymerization, which allows
an improved light transmission in depth during
the activation of the increment [15,17,20,23].

The degree of conversion as a function
of depth followed a similar trend for Opus BF
(Figure 3) and Filtek One (Figure 5), showing
stability for those values obtained by Bluephase
G2 and significant differences with Radii-Cal —
where those final values found at the bottom
were considerably lower than that from the
top. These results are explained by its radiant
exitance emitted when at a distance of 4mm
from the increment. The Bluephase G2 showed
a great increase in the degree of conversion due
to light exposures (Figures 4 and 6), which can
be explained by its high radiant exitance and low
light dispersion when at a distance of 4mm from
the increment.

Braz Dent Sci 2022 Apr/Jun;25 (2): 2999



Aratjo LAN et al.

Considering the overall study, the incremental
technique did not result in loss of conversion
due to depth or light source (Figure 7). Indeed,
the final conversion at 8mm depth showed was
even higher (numerically) as that of the top
as it receives a greater number of activation
exposures, regardless of the photoactivating
unit used. In contrast, Opus BF resin had loss
of conversion in both light source units, being
the loss with Radii-Cal considerably greater
than that produced by Bluephase G2. Bluephase
G2 showed an insignificant loss of conversion
when used to activate the Filtek One resin, while
the Radii-Cal apparatus showed a significant loss
of conversion. Therefore, it is possible to identify
an association between the values obtained when
related to opacity with loss of conversion due to
depth (Figure 8) using the Radii-Cal, showing
a correlation coefficient r = 0.891707246.
On the opposite, this association was not seen
when using the Bluephase G2 curing device
(Figure 9), indicating a correlation coefficient r
= 0.515703768.

CONCLUSIONS

* The research hypothesis - that bulk-fill
composites have a superior polymerization
capacity to the incremental technique
regardless of the materials’ opacity and the
light curing unit — was rejected.

* Depending on the light curing, the bulk-
fill technique can compromise the curing
potential in deep cavities.

*  The effect of materials’ opacity was dependent
on the light curing unit used.
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