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Comparative Evaluation of Depth of Cure of Three High
Viscosity Bulk Fill Composites versus Conventional
Composite: An In Vitro Study
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Objective: The aim of this study was to evaluate the microhardness and depth of cure of three high viscosity bulk fill resin
composites and to compare it with a conventional composite.
Methods: To evaluate depth of cure, the composite specimen was prepared using metallic mold with a hole of 4 mm depth
and 4 mm internal diameter which was bulk filled with each of the three bulk fill composites (SonicFill, Filtek Bulk Fill
Posterior & Beautifil Bulk Restorative) and light cured for 20 seconds. The conventional composite (Tetric N Ceram) was filled in the increments of 2-mm. The top and bottom surface hardness was measured using a Vickers microhardness indenter.
The depth of cure was then calculated by dividing the bottom & top mean hardness values.
Results: Sonicfill showed maximum surface microhardness followed by Beautifil Bulk restorative, Tetric N Ceram and Filtek
Bulk Fill. Maximum depth of cure was seen in SonicFill followed by Filtek Bulk Fill, Tetric N Ceram and Beautifil Bulk restorative and the difference was statistically significant. SonicFill and Filtek Bulk Fill were able to achieve the minimum
depth of cure value ≥0.80 at 4-mm depth. Beautiful bulk restorative composite was not able to achieve the minimum bottom to top ratio of 0.80.
Conclusion: Microhardness and depth of cure is a material specific property and factors such as composition; content and
size of fillers; viscosity and translucency of the material play an important role in determining the properties of the bulk fill
composite.
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The increased usage of direct chair-side application of resin
composite for restoring cavities in the anterior and posterior
dentition has continued despite their technique sensitivity and
limited depth of cure. When restoring deep or large cavities in
the posterior dentition, an incremental filling process which includes repetitive placement and photo polymerization of resin
composite is often required [1]. However, using this technique
is time consuming and also there is probability of air bubbles
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confinement or contamination between layers of the composite
[2].
Thus, currently there is a growing trend among practitioners
to use bulk-fill resin based composite materials because of their
more simplified procedures [3]. They are an attempt to speed
up the restoration process by enabling up to 4 or 5-mm thick increments to be cured in one step, thus skipping the time-consuming layering process [4].
A new bulk-fill posterior composite, SonicFillTM (Kerr,
Orange, CA, USA) consists of a handpiece that delivers sonic
energy at varying intensities, which is adjustable to control the
rate of composite extrusion. The composite incorporates modifiers that react to sonic vibrations and reduces the viscosity of
the resin by 87% allowing adaptation in deep cavities, up to 5
mm, in a single increment. When the sonic energy ceases, the
resin returns to its high viscosity state, facilitating sculpting and
carving to the desired anatomical form [5].
FiltekTM Bulk Fill Posterior (3M, ESPE, Irvine, CA, USA)
restorative material is another posterior bulk fill composite that
provides excellent strength and is claimed to achieve 5 mm
depth of cure [6].
Another recently launched bulk fill composite, Beautifil
Bulk Restorative (Shofu Dental Corporation, Kyoto, Japan) is
an advanced giomer based on pre-reacted glass (PRG) technology [7]. Giomers were introduced as a resin restorative material,
which would maintain the clinical advantages of glass ionomer
while the poor aesthetics and dehydration potential would be
compensated by the development of a pre reacted glass-ionomer (PRG) filler that could be incorporated into resinous materials [8]. The manufacturers claim that bulk-fill giomers can
achieve satisfactory results in 4-mm increments in terms of
depth of cure [7].
It is claimed that bulk fill composites have the potential of
obtaining an optimal degree of conversion (DC) even in the bottom of the cavities [9]. A high DC can determine good mechanical properties, chemical stability and longevity of the restoration [10].
There is much debate as to whether it is possible to apply bulk
fill type of resin with increments of twice the thickness indicated
for conventional resin-based composites (RBCs), maintaining
the same physical, mechanical, and biological properties of
conventional RBCs. In light of the recent efforts of manufacturers to promote the use of bulk-fill RBCs, it is important
to analyze the recent changes in the technology and to check if
their performance in clinical situations is comparable to the results obtained by conventional RBCs used with the incremental
technique [11].
The effectiveness of the composite cure may be assessed directly or indirectly. Direct methods that assess the degree of con-
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version are infrared spectroscopy, resonance imaging, optical
microscopy and laser Raman spectroscopy. Indirect methods
include visual inspection, scraping method and microhardness
testing [12].
Microhardness is an indirect measure of the depth of cure of
a material. It provides useful information on the depth of cure
when measured on the top and bottom surfaces of a specimen
[13]. The depth at which a resin composite achieves 80 % of its
surface hardness is generally regarded as the maximum depth
at which a resin composite should be used [14]. Additionally,
the microhardness data for a specific material provide information on its wear, polishability and abrasive effect on antagonist teeth [15].
Therefore this study was planned to determine the microhardness and depth of cure of three recent bulk fill composites
(SonicFill, Filtek Bulk Fill and Beautifil Bulk Restorative) and
to compare it with a conventional composite (Tetric N ceram
[IvoclarVivadent, Schaan, Liechtenstein]) using Vickers hardness ratio.

Materials and Methods
1. Study materials
Three high viscosity bulk-fill restorative materials were
evaluated in this study. The bulk-fill restorative materials and
their composition are shown in Table 1.
Group A: SonicFill [shade A2] (Kerr)
Group B: Filtek Bulk Fill [shade A2] (3M, ESPE)
Group C: Beautifil Bulk Restorative [shade Universal]
(Shofu Dental Corporation)
Group D: Tetric N Ceram [shade A2] (IvoclarVivadent)
Forty-eight metallic cylindrical molds 4 mm long with an internal diameter of 4 mm (Figure 1), was used to prepare the composite specimens. The mold was placed on a glass slide covered
with a Mylar strip. The metallic molds were divided into 4
groups (n=12) and the complete depth of the metallic mold was
bulk filled with the respective composites with the help of
Teflon coated composite instrument. The upper surface of the
mold was filled with composite and was covered with a Mylar
strip, followed by a glass slide. Then, the specimen was polymerized for 20 seconds, keeping the tip of the light-curing unit
2
(LY-A180 LED curing light delivering 1,200-2,000 mW/cm ,
420-480 nm) in contact with the 1.2-mm-thick glass slide to ensure a constant distance from the specimen (Figure 2). The light
intensity of was monitored using a radiometer (Model 100;
Kerr). After polymerization, each specimen was removed from
the mold. The specimens were stored in distilled water for 24
hours at room temperature. Subsequently, the top and bottom
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Table 1. List of composites used in the study with the composition and filler loading [2,16,35]
Bulk fill composite
SonicFill
Filtek Bulk Fill
Beautiful Bulk Restorative
Tetric N Ceram

Resin matrix

Filler load
wt% (vol%)

Filler

EBADMA, BisphenolA-bis-(2-hydroxy-3-mehacryloxypropyl)
ether, TEGDMA, 3-trimethoxysilylpropyl methacrylate,
Bis-GMA, Bis-EMA, UDMA
Bis-GMA, UDMA, Bis-MPEPP, TEGDMA
UDMA, Bis-GMA, Ethoxylated Bis-EMA

Glass oxide, silicon dioxide

83.5% (83%)

Zirconia/silica, ytterbium trifluoride 76.5% (58.4%)
Fluoro-silicate glass
87% (74.5%)
Barium glass, ytterbium trifluoride
80% (57%)

EBADMA: ethoxylated bisphenol-A dimethacrylate, TEGDMA: triethyleneglycol dimethacrylate, Bis-GMA: bisphenol-A-glycidyl dimethacrylate,
Bis-EMA: ethoxylated bisphenol-A-dimethacrylate, UDMA: urethane dimethacrylate, Bis-MPEPP: Bisphenol A polyethoxy methacrylate,.

Figure 1. Metallic mold with 4 mm diameter and 4 mm height.

surface hardness of each 4-mm high specimen were measured
using the Vickers microhardness (Model SM 700; Futuretech,
Tokyo, Japan). The measuring indenter, the Vickers pyramid,
was pressed to the composite specimen using a load of 4.903
N for five seconds. The surface Vickers hardness was measured
at three points of each specimen to minimize measurement errors within a specimen. The three measurement microhardness
values on the top and bottom were averaged to obtain a single
value of Vickers microhardness of each specimen.
Equation 1: Vickers hardness of material (VHN)=
2
(1.8544P)/D
In which, VHN represents Vickers hardness of material
2
(kg/mm ), P is the predetermined load applied on the sample
(kg) and D is the average diagonal distance (mm) of the square
resulting from indentation of the pyramid tip of Vickers hardness tester.

Figure 2. Composite in metallic mold being cured by keeping the tip
of light curing unit in contact with the glass slide kept on the mylar
strip.

Value of 0.80 was accepted as adequate depth of cure [14].
The data was collected, tabulated and subjected to statistical
analysis.

3. Statistical analysis
The results were analysed using software IBM SPSS ver. 21
(IBM Co., Armonk, NY, USA). Depth of cure was analyzed using a two-way ANOVA and Tukey’s post hoc tests. Significance
level for all tests was (p<0.0001)

Results

2. Depth of cure measurement
After determining the top and bottom microhardness, the
depth of cure of each sample was calculated according to
Equation 2.
Equation 2: Depth of cure=bottom microhardness⁄top microhardness

1. Surface microhardness
The results for surface microhardness of high viscosity
bulk-fill restorative materials are shown in Table 2. One way
ANOVA test revealed significant difference (p<0.0001) between the tested composites. On post hoc analysis it was found
www.ijcpd.org
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Table 2. Surface microhardness (VHN), depth of cure (bottom/top microhardness) of the samples and intergroup comparison between study groups
for depth of cure (p＜0.0001)
Group
Group A (SonicFill)
Group B (Filtek Bulk Fill)
Group C (Beautifil Bulk Restorative)
Group D (Tetric N Ceram)

Mean surface
microhardness
b

76.43
43.15a
47.70b
43.98c

Mean bottom
microhardness

Mean depth of cure
(bottom/top microhardness)

64.57b
35.42a
31.41b
35.32c

0.85c
0.82a
0.66b
0.80c

VHN: Vickers hardness of material, ac: non significant, ab, bc, cc: significant.

that the mean surface Vickers hardness of SonicFill was found
to be significantly higher (p<0.0001) as compared to all the other groups. Values for Filtek Bulk Fill and Tetric N Ceram was
found to be significantly lower (p<0.0001) as compared to
Beautifil Bulk Restorative while there was no statistically significant difference (p=0.429) in mean Vickers hardness among
Filtek Bulk Fill and Tetric N Ceram.

2. Depth of cure
The highest depth of cure value was found to be 0.85, which
was shown by SonicFill followed, by Filtek Bulk Fill, Tetric N
Ceram and Beautifil Bulk Restorative (Table 2). According to
Bouschlicher et al. [22], bottom-top hardness ratio value of 0.80
is accepted as adequate depth of cure. SonicFill, Filtek Bulk Fill
and Tetric N Ceram showed adequate depth of cure of 0.80 or
more whereas Beautifil Bulk Restorative showed the lowest
depth of cure value of 0.66 and was not able to achieve the minimum accepted depth of cure value. Overall intergroup comparison of mean Vickers hardness of the bottom-top hardness ratio
was done using one way ANOVA test and revealed significant
difference (p<0.0001) between the tested composites. On post
hoc analysis it was found that the bottom-top hardness ratio of
Group A (SonicFill), B (Filtek Bulk Fill) & D (Tetric N Ceram)
was found to be significantly higher as compared to Group C
(Beautifil Bulk Restorative). No statistically significant difference was found between Group A & B and B & D.

Discussion
Manufacturers claim that the bulk-fill composite materials
can be cured up to a depth of 4 to 5 mm. The increased depth
of cure may be achieved through the use of novel proprietary
resins, special modulators and unique fillers [7]. The higher
light transmission properties of the bulk fill composite is due
to reduction of light scattering at the filler–matrix interface by
either decreasing the filler amount or increasing the filler size.
Moreover, differences in the refractive indices between the fillers and the organic matrix of the RBC materials also affect their
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translucency [16].
In the present study, variations in depth of cure between different experimental bulk fill composites can be attributed to the
difference in material composition as the other factors like material shade, curing light intensity and time were controlled. A
lighter shade was selected for each material (A2 shade for group
A, B, and D and universal shade for group C) so that light penetration would be optimal and the effect of shading pigments
would not be a confounding variable.
In literature many laboratory methods have been used to determine the depth of cure of restorative materials. It can be measured either indirectly by surface hardness (ISO 4049 scraping
method or Vickers micro-hardness value) or directly with either
Raman or Fourier transform infrared spectroscopy [17].
The scraping method ISO 4049 is the commonly used test that
advocates scraping of the unset materials, immediately after irradiation, and measuring the length of the set specimen [18].
Flury et al. [19] in their study concluded that the ISO 4049 scraping method overestimated depth of cure as compared to the
depth of cure determined by Vickers hardness profiles.
Therefore, in the present study Vickers microhardness method
was used to evaluate the depth of cure. Also it is easy to apply
as compared to the other methods and the data obtained are
reliable. The diamond indenter used in this procedure does not
deform over time and is reportedly suitable for measuring the
hardness of fragile brittle materials [20].
When Vickers hardness values are obtained, mean bottom/top ratio hardness value is determined to establish the depth
of cure. This reflects the relative extent of conversion of the
deeper surfaces in relation to the top surface [21]. According
to Bouschlicher et al. [22], bottom-to-top surface microhardness value of 0.80 indicates adequate depth of cure.
When light interacts with a solid structure, it may be transmitted, reflected or absorbed. Since stainless steel is an opaque
metal, it does not transmit light, unlike ceramic or polymeric
materials. Studies that used Teflon molds reported exaggerated
depth of cure values since light was transmitted through the
Teflon more than it was through the composite resin. Therefore,
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metallic molds were used to prepare the samples in this study
[23].
In the present study, the highest mean surface microhardness
value was recorded for SonicFill followed by Beautifil Bulk
Restorative further followed by Filtek Bulk Fill. The values
were statistically significant between all the tested composites.
SonicFill showed significantly higher microhardness value
than Beautifil Bulk Restorative. Though both SonicFill and
Beautifil Bulk Restorative incorporate a highly filled resin
monomer but SonicFill is a combination of flowable and universal composites and incorporates a highly filled proprietary resin
with special modifiers that react to sonic energy. When this energy is applied via the system’s handpiece, a modifier causes
a reduction in viscosity (up to 87%), thereby increasing the flow
of the composite. When the sonic energy is stopped, the composite returns to a more viscous, non-slumping state. This results
in fewer voids in the mass of the material during insertion [24].
This could be the possible reason for higher microhardness of
SonicFill than Beautifil Bulk Restorative. Another reason for
Beautifil Bulk Restorative to have lesser microhardness than
SonicFill is incorporation of softer PRG fillers in them [7].
The lowest mean surface microhardness value was shown by
Filtek Bulk Fill having comparatively lower filler content (76.5
wt%) than the other tested bulk fill groups [6]. Previous studies
found a positive correlation between filler loading and Vickers
hardness value [25]. Increased filler loading reduces the volume
of resin matrix for polymerization and intrinsically increases
the hardness [18]. These results were in accordance with a study
done on the mechanical properties of bulk-fill composites by
Alkhudhairy [13], which showed higher hardness value for
SonicFill followed by Filtek Bulk Fill [13].
Another study done by Didem et al. [24] to investigate the
mechanical properties of different types of nanohybrid bulk fill
composites also showed similar results and concluded that
SonicFill system had the highest score among the tested materials and can be used as an alternative to regular composite for
posterior teeth restoration.
After obtaining the top and bottom values of Vickers hardness, to evaluate the depth of cure, the mean bottom/top hardness ratio was calculated. It was found that SonicFill and Filtek
Bulk Fill both were able to achieve the minimum required bottom to top hardness ratio i.e., ≥0.80 at 4-mm depth. SonicFill
showed the greatest depth of cure among the materials tested
and the values were significantly higher than the other tested
composites. The good depth of cure may be due to the refractive
index matching between the resin and filler, which enhances
light transmission. Reduction in refractive index differences
between resin and filler improved degree of conversion and increased depth of cure [13].

These results are also in close agreement with the findings
of study done by Ilie and Stark [26] in which SonicFill specimens showed highest depth of cure and better translucency as
compared to the other specimens. They stated that greater depth
of cure in bulk-fill composites could be achieved by enhancing
translucency through the reduction in filler content and increase
in filler particle size. In SonicFill, despite the high filler content,
a large filler size might increase translucency parameter [4].
Jerri [27] in their study stated that SonicFill showed higher
degree of conversion as compared to the other bulk fill composites (SonicFill, Surefill SDR, Tetric EvoCeram & Fill GC
flow). The possible reason could be due to chemical composition of resin that contains 3-trimethoxysilylpropyl methacrylate (10%-30%), TEGDMA and BisEMA. These types of
monomers are highly flexible, have lower molecular weight and
low viscosity. All these properties lead to high mobility during
polymerization and consequently favor conversion [26].
In contrast to our results, Tarle et al. [14] evaluated degree
of conversion of bulk fill composites and found that Sonicfill
did not reach 80% critical value for depth of cure. A possible
reason for lower values of degree of conversion in their study
for Sonicfill could be the difference in methodology i.e. hardness values were measured using Knoop hardness number
(KHN). It has been recently established that the distribution of
KHN is non-uniform within molds and that KHN is substantially lower at or near the mold walls than at the center. In
their study, a hemi-cylindrical mold was used, and hardness
measurements were performed along the surface that had been
in contact with the stainless steel shell [14].
In the present study, Filtek Bulk Fill showed the second highest depth of cure value. Filtek Bulk-Fill posterior restorative
material is a visible, light-activated restorative composite with
special filler loading technology. In this material, the fillers are
a combination of a non-agglomerated/non-aggregated silica
filler, zirconia filler, and a ytterbium trifluoride filler [6]. Filtek
Bulk Fill was formulated with aromatic resins, which allowed
the refractive index to more closely match the filler so the light
would not significantly bend, and successfully transmitted
through the material that increased the material’s depth of cure
[28].
Depth of cure values of both Filtek Bulk Fill and SonicFill
were comparable to conventional resin composite, Tetric N
Ceram that was used as a control group in this study. Alshali et
al. [29] also found that bulk fill resin composite materials bottom/top microhardness ratio was comparable to conventional
resin composite restorative materials at the recommended manufacturer thickness.
In the present study Beautifil Bulk Restorative was not able
to achieve the minimum 0.80 bottom to top hardness ratio and
www.ijcpd.org
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thus was not able to cure effectively at a 4-mm depth. A significantly lower depth of cure was observed for Beautiful Bulk
Restorative as compared to the depth of cure recorded in
SonicFill and Filtek Bulk Fill. This may be due to the increased
filler content (87 wt%) of Beautifil Bulk Restorative resulting
in light scattering at the filler-matrix interface, which might impede the depth of light penetration [29]. This is in concurrence
with the findings of study done by Yu et al. [30].
Similar findings are seen in studies done by Dionysopoulos
et al. [16], and Al-Ahdal et al. [31] in which Beautifil Bulk
Restorative was not able to meet the threshold value at 4-mm
depth when polymerized for 20 seconds.
In contrast to our results, Ilie and Fleming [25] found that
Beautifil Bulk Restorative showed adequate depth of cure of 4
mm in their study. A possible reason for this difference could
be due to difference in the methodology as they had used Teflon
molds in contrast to metallic molds used in our study, which
might transmit light through them and therefore increase the
depth of cure.
Another study done by Tsujimoto et al. [1] showed that adequate depth of cure for Beautifil Bulk Restorative could be
reached on increasing the polymerization time to 40 seconds
and suggested that depth of cure for high viscosity bulk fill materials is time dependent.
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Conclusion
It can be concluded that microhardness and depth of cure is
a material specific property and factors such as composition;
type, content and size of fillers; viscosity and translucency of
the material play an important role in determining the properties
of the bulk fill composite [11]. SonicFill and Filtek Bulk Fill
were properly cured in 4-mm bulk for 20 seconds but Beautifil
Bulk Restorative was not sufficiently cured in the 4-mm bulk.
Therefore SonicFill and Filtek Bulk Fill can be used as an alternative for incremental layering in posterior restorations.
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