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ABSTRACT

The aim of this study was to evaluate the depth of cure of conventional (Filtek Z350 and Esthet-X HD) and bulk fill resins 
composites (Filtek bulk fill flow and SDR) using different photoactivation methods. Samples were made using five disc-
shaped matrices (1 mm high and 8 mm central diameter) with interposed polyester strips. The samples were photoactivated 
using different methods [continuous high-irradiance light (LCA), continuous low-irradiance light (LCB), and soft-start 
(SS)], maintaining 24 J/cm² radiant exposure. After 24h, Knoop microhardness test was performed at 5 depths (surface, 1 
mm, 2 mm, 3 mm and 4 mm). The Knoop microhardness were analyzed by ANOVA two-way and Tukey’s test (5%). Con-
ventional resins presented the highest results up to 2 mm depth, except for Esthet-X photoactived by LCB, which showed 
significant lower Knoop hardness from 2 mm depth. Bulk fill resins photoactivated with LCA and SS had the highest results 
in 4 mm depth. The LCA and SS photoactivation methods produce suitable photoactivation in conventional composites up 
to 2 mm and bulk fill up to 4 mm depth and the bulk fill composites present higher polymerization depth than conventional 
composites.
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1. INTRODUCTION 
The optical properties and the adhesion capacity to the dental structures, provide wide utilization of composite resins in 
restorative dentistry [1]. Conventionally, the restoring technique involves the application of composite resin increments 
of up to 2 mm of thickness, in order to allow correct photoactivation of the increment and minimize the shrinkage and 
shrinkage stress resulting from the material polymerization process [2]. The incremental technique is relatively sensitive 
and demands a considerable chair time. These factors associated to clinical problems of the restorations, such as post-op-
erative sensitivity, fissure formation on the tooth/restauration interface, marginal pigmentation, secondary caries, cusp 
deflection, fractures of the enamel edges, displacement of the restoration, and dental element fracture; encourage the de-
velopment of new composite resins in an attempt to overcome these problems [3, 4].

Recently, a new category of restoring composites (bulk fill composite resins) was proposed to restore cavities rang-
ing from 4 to 6 mm with a single increment, providing an easier restoration technique [less sensitive] with less chair time 
compared to the incremental technique [5-7]. Although the single increment technique (~5 mm) increases the trajectory of 
the photoactivation light to reach the deepest layer of the resin, the manufacturers claim that these materials present higher 
polymerization depth, as well as lower shrinkage and shrinkage stress that the conventional composite resins. Bulk fill 
composite resins have modified resinous monomers and reduction in the size for the filler particle [5-8].  

The bulk fill resins can be classified into low (flow), medium, and high viscosity. Besides low filler particles, a 
reasonable polymerization depth can be obtained using specific polymerization modulator, improving the translucency, or 
more effective photoinitiators. However, the smallest amount of particles may reduce the mechanic properties of bulk fill 
flow resins [5-8].  

Manufacturers do not provide the amount of the radiant exposure required to polymerize the composite resins; how-
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ever, a radiant exposure between 12 and 24 J/cm2 is enough to cure the composite resins restorations of up to 2 mm thick-
ness [9, 10]. The radiant exposure change according to commercial brand and composite resin color [9]. The suitable radi-
ant exposure to cure composite resin can be obtained through different methods of photoactivation, such as high-irradiance 
continuous light (LCA), continuous low-irradiance light (LCB), and soft-start (SS) [11]. The delivered radiant exposure on 
the surface of the composite resins should be enough to provide a complete polymerization of the material. Therefore, it is 
important to select the correct irradiance of the light-emitting diode (LED) curing light, and the photoactivation time for 
each type of composite resin to obtain clinical success in the restorative treatment [12, 13].

The aim of this study was to evaluate the polymerization depth (surface, 1 mm, 2 mm, 3 mm, 4 mm) of conventional 
and bulk fill composite resins using different photoactivation methods (LCA, LCB and SS). Two hypotheses were tested: 
(i) different microhardness results would be found in bulk fill resins thickness tested and (ii) photoactivation methods with 
lower irradiance would produce lower microhardness.

2. MATERIAL AND METHODS

All composite resins (A2 shade) used in the present study are described in the Table 1.

Table 1: Composite resins composition.

COMPOSITION
COMPOSITE RESIN, MANUFAC-

TURER (BATCH NUMBER) FILLER RESIN

Filtek Z350 XT,
3M ESPE (455134)

Non-agglomerated/non-aggregated silica
(20 nm),

non-agglomerated/non-aggregated zirconia
(4 to 11 nm), and aggregated zirconia/silica

cluster (comprised of 20 nm silica and 4 to 11 nm zirco-
nia particles).

bisGMA, UDMA, 
TEGDMA, bisE-

MA(6).

Esthet-X HD,
Dentsply (530658)

Barium fluoroborosilicate glass with a mean particle 
size (<1 µm) and nanofiller silica (0.04 µm).

bisGMA, TEGD-
MA,

bisEMA.

Filtek Bulk Fill Flowable Restorative,
3M ESPE (N620070)

Combination of zirconia/silica (0.01 to 3.5 µm) and 
ytterbium trifluoride (0.1 to 5.0 µm).

bisGMA,
UDMA, bisE-

MA(6), polyacryla-
te resins.

SureFil SDR Flow,
Dentsply (1503202)

Barium-alumino-fluoro-borosilicate glass, strontium 
alumino-fluoro-silicate glass, titanium dioxide and iron 

oxide pigments.

EBPADMA, 
TEGDMA, modi-

fied-UDMA.

bis-GMA: bisphenol A-glycidyl methacrylate; UDMA: urethane dimethacrylate; TEGDMA: triethyleneglycol dimetha-
crylate; bis-EMA(6): ethoxylated bisphenol A glycol dimethacrylate; EBPADMA: ethoxylated Bisphenol A dimethacrylate. 

2.1 Microhardness and polymerization depth

For the Knoop microhardness test, samples (n = 10) were made using five disc-shaped matrices (1 mm high and 8 mm 
central diameter) with interposed polyester strips. Each composite resin was inserted into the matrix in a single increment. 
A polyester strip and glass slide were used in order to extrude excess of the material. This procedure was repeated 4 times 
using 4 new matrices, totaling 5 matrices (5 mm depth). 

LED BluePhase (Ivoclar Vivadent, Schaan, Liechtenstein) equipment was used, following the photoactivation pro-
tocols described in the Table 2. After the photoactivation, the samples were stored for 24 h at 37ºC in a dry and light free 
environment. The radiant exposure was standardized at 24 J/cm2 for all groups.
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Table 2: Description of the photoactivation protocols (irradiance and exposure time).

PHOTOACTIVATION METHOD PROTOCOL
High-irradiance continuous light (LCA) 1200 mW/cm2 for 20s
Low-irradiance continuous light (LCB) 150 mW/cm2 for 160s

Soft-start (SS) 150 mW/cm2 for 10s + 1200 mW/cm2 for 19s

In the SS group, the different luminous irradiance was obtained using a pre-calibrated standard spacer. The spacer 
was made with acrylic resin (JET, Artigos Odontológicos Clássico, São Paulo, SP, Brazil). A hole at the center of the spacers 
was create to permit the light pass. 

 The Knoop microhardness was measured using a hardness tester HMV 2000 (Shimadzu, Tokyo, Japan) with 50 g 
load applied during 10s. Three indentations were made in the cross-sectional area at depths tested (from 0 to 4 mm - Figure 
1) from the top surface. 

Figure 1: Metal matrices interposed with polyester strips and evaluated depths.

For each specimen depth, the average of the three indentations was obtained (KHN – Kgf/mm²).

2.2  Analysis of light transmittance

The LED curing light source was analyzed (1) without composite resins (0 mm) and (2) with the composite resins thick-
nesses (1 mm, 2 mm, 3 mm and 4 mm) using a digital power meter (Ophir Optronics, Danvers, MA, USA). 

2.3 Statistical analysis

The Knoop microhardness data was subjected to statistical analysis using Kolmogorov-Smirnov and Analysis of Variance 
(ANOVA two-way; thickness and photoactivation method), with Tukey test with a pre-set alpha of 0.05 in SigmaStat pro-
gram 3.5 (Systat Software Inc., San Jose, Califórnia, USA). 

3. RESULTS

The ANOVA showed a statistically significant interaction between the factors (ρ < 0,001) for all the composite resins.

Filtek Z350 XT resin obtained the highest Knoop microhardness values up to 2 mm depth, regardless of the pho-
toactivation method used (Table 3). LCA showed higher Knoop microhardness values with statistically significant differ-
ences in 1 mm, 3 mm, and 4 mm depths than LCB and SS. For 4 mm depth, the microhardness cannot be evaluated for 
LCB and SS photoactivation methods.
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Table 3: Knoop microhardness means (±SD) for different composite resins, evaluated depths and photoactivation 
methods.

PHOTOACTIVATION METHODS

RESIN DEPTH LCA LCB SS

Filtek Z350 XT

0 mm 54.1 (19.0) A.a 47.8 (2.9) A,a 46.1 (0.8) A,a
1 mm 57.6 (17.4) A,a 45.1 (2.0) A,b 47.4 (3.6) A,b
2 mm 48.5 (12.9) AB,a 42.0 (0.7) A,a 46.3 (0.7) A,a
3 mm 38.8 (12.6) B,a 0.0 (0.0) B,c 26.9 (1.4) B,b
4 mm 9.0 (6.5) C,a 0.0 (0.0) B,b 0.0 (0.0) C,b

Esthet-X HD

0 mm 23.6 (5.6) AB,a 26.5 (2.6) A,a 24.2 (2.1) A,a
1 mm 25.5 (4.0) A,a 26.1 (2.5) A,a 25.1 (0.7) A,a
2 mm 20.9 (1.8) B,a 20.9 (2.4) B,a 24.0 (3.4) A,a
3 mm 8.8 (7.9) C,b 0.0 (0.0) C,c 13.5 (3.4) B,a
4 mm 1.1 (3.3) D,a 0.0 (0.0) C,a 0.0 (0.0) C,a

Filtek Bulk Fill Flow

0 mm 22.6 (2.3) A,a 19.5 (0.7) B,b 24.5 (1.4) A,a
1 mm   24.9 (3.3) A,a 19.9 (0.8) B,b 23.0 (2.4) A,a
2 mm 23.9 (2.8) A,a 24.0 (1.8) A,a 24.9 (2.4) A,a
3 mm 22.1 (1.9) A,a 19.2 (3.6) B,b 24.9 (3.1) A,a
4 mm 21.9 (4.5) A,a 0.0 (0.0) C,b 25.9 (3.8) A,a

SureFil SDR Flow

0 mm 22.9 (3.4) A,a 15.7 (0.8) A,b 23.2 (2.0) A,a
1 mm 24.0 (2.8) A,a 17.5 (1.1) A,b 25.3 (2.1) A,a
2 mm 25.1 (2.4) A,a 16.5 (1.0) A,b 23.4 (1.8) A,a
3 mm 24.8 (2.5) A,a 14.4 (0.9) A,b 25.1 (1.4) A,a
4 mm 23.2 (5.6) A,a 0.0 (0.0) B,b 21.8 (8.8) A,a

Means followed by distinct letters indicate significant difference (ρ < 0.05). Capital letter: comparison in column for each 
resin composite; lower-case letter: comparison in row. LCA - High-irradiance continuous light; LCB - Low-irradiance 
continuous light; SS - Soft-start.

The Esthet-X HD composite obtained the highest Knoop microhardness values up to 2 mm depth for all photoactiva-
tion methods. For 3 mm depth, SS showed the highest Knoop microhardness, but in 4 mm depth the microhardness cannot 
be evaluated. There was statistical significant decrease in microhardness from 2 mm depth for LCA and LCB groups, and 
from 3 mm depth for SS.

The Bulk Fill SureFill SDR Flow composite had the same Knoop microhardness results from 0 to 4 mm depth for 
the LCA and SS groups. For LCB, the 2 mm depth showed the highest Knoop microhardness mean and in 4 mm depth the 
microhardness cannot be evaluated.

The Filtek Bulk Fill composite obtained suitable Knoop hardness results in 4 mm depth for all groups, except for SS. 
Among the photoactivation methods, LCA and SS presented the highest Knoop hardness values in all depths.

The Table 4 shows the irradiance values obtained in all depths of composite resins and evaluated photoactivation 
methods. 

Table 4: Irradiance (mW/cm²) according to resin composite, photoactivation methods and depth.

DEPTH
FILTEK Z350 XT ESTHET-X HD FILTEK BULK

FILL FLOW
BULK FILL SUREFILL 

SDR FLOW
LCA LCB LCA LCB LCA LCB LCA LCB

0 mm 1080 180 1080 180 1080 180 1080 180
1 mm 690 127 592 85 662 111 756 133
2 mm 352 113 310 70 380 90 366 105
3 mm 254 90 197 55 275 80 282 90
4 mm 183 50 183 30 197 65 225 70
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4. DISCUSSION

The microhardness analysis is the more frequent method used to evaluate the conversion degree of the composite resins [8]. 
This test is more sensitive than equipment based on vibrational spectroscopy, such as Fourier-transform infrared spectroscopy 
(FTIR), because it is able to detect small changes in the degree of conversion after the polymer formation (after the network 
is cross-linked) [14].

	 The first tested hypothesis in this study was accepted because different values of microhardness were found for 
different polymerization depths in the bulk fill composite/LCB group. For LCA and SS groups, the microhardness values did 
not present statistical difference for both bulk fill resins (Table 3). The Knoop hardness values for the bulk fill resins showed 
an effective polymerization depth, because the results do not present statistical difference between depths (from 0 mm to 4 
mm) in LCA and SS groups.  

Increasing the thickness of conventional composite resins promotes a better curing light absorption and scattering, 
and less light penetration within the layers of the cured material. The higher degree of conversion and microhardness on top 
surface (low thickness – from 0 to 2 mm) than bottom surface (high thickness – 3 and 4 mm) can be explained by the highest 
number of photons on top surface. The density might decrease gradually in each thickness with a similar gradual decrease in 
refractive index. Therefore, curing light radiant exposure is reduced with increasing thickness, jeopardizing the Knoop mi-
crohardness as well as the degree of conversion [15]. For composite resin restorations with >2 mm thickness, the incremental 
layering technique is considered a gold standard for restorations with conventional composite resins [16].

The bulk fill composite resins can be polymerized using increments up to 4 mm to create a lower polymerization 
shrinkage stress. This can be explained by higher light transmission through translucent bulk fill thickness than conventional 
composite resins [17]. The translucency was measured in this study using light transmittance analysis [18], where the bulk 
fill composite resins present, in general, a light transmittance slightly superior to conventional composite resins (Table 4). 
Moreover, bulk fill composite resins exhibit higher light transmission properties due to reduction of light scattering at the 
filler–matrix interface [17].

On other hand, LCB results in low radiant exposure that reach the bottom surfaces of the composite resins. The com-
posite resins must present ≥80% bottom/top percentage microhardness to achieve a suitable polymerization [19, 20]. So the 
results of the present study demonstrate that the low irradiance photoactivation (LCB) is capable to cure the bulk fill resins 
up to 3 mm thickness (Table 3).

The second hypothesis was also accepted. For all composite resins in the LCB group, different depths showed different 
microhardness values. Higher microhardness values is result of a combination of photo and thermal effects. High light irradi-
ances immobilize the system increasing quickly the viscosity, but also generate a temporary excess of free volume improving 
the mobility of the monomers. This mobility allows the system to reach higher degrees of conversion [2, 4, 5, 7, 8, 13]. At high 
light irradiances, most of the reaction will occur in the unrelaxed state (post-gel), whereas at low light irradiances the resin is 
able to relax more during polymerization, reducing its internal mobility and its final conversion [4, 7, 13, 19]. Moreover, the 
increase of the light irradiance also increases the maximum temperature reached during polymerization, and consequently 
the mobility of the polymer chains [2, 4, 8, 11]. The increase of the irradiation time cannot compensate low values of light 
irradiance (higher times for LCB than LCA; Table 2). In general, the LCA and SS groups did not present difference in Knoop 
microhardness values. It is important to emphasize that modulated photoactivation can minimize the problems related to 
light-curing materials, i.e., to initiate the photoactivation of the composite resins with less light irradiance, followed by a final 
photoactivation with high irradiance [21, 22, 23].

Ideally, the photoactivation equipments should offer a light beam collimated with minimum reduction of the irradiance 
in clinically relevant distances [up to 8 mm from the top] [24]. The manufacturers of conventional composite resins tend to 
maximize the filler content to obtain the best mechanical properties, and at the same time, minimize the filler size to improve 
the aesthetic. The bulk fill composite resins contain a smaller amount of fillers with high size. It seems that the decrease the 
amount as well as increase size of the fillers plays a crucial effect in higher translucency of bulk fill composite resins [25].

Furthermore, the monomer composition and filler content influence the viscosity and they are important parameters 
related to reaction kinetics and degree of conversion, because their also affects the polymerization mobility [5, 7, 8, 13, 17, 
20, 23]. Both bulk fill composites resins tested in the present study are flow materials in comparison to conventional compos-
ites. They have modified monomers and different amount/size of filler particles (Table 1). The Bulk Fill SureFill SDR Flow 
have photoactive groups incorporated to the urethane methacrylate monomers (Table 1) that are capable to react with the 
camphorquinone. This reaction helps to module the polymerization and control the shrinkage stress (high mobility), besides 
to create a homogeneous polymer network [4, 7, 23]. The Filtek Bulk Fill Flow contains polyacrylate resins and bisEMA 
(Table 1). These materials have higher molecular weight and lower viscosity than bisGMA, that does not possess hydroxyl 
group in its structure and are present in higher amount in conventional composite resins (Table 1). Thus, bisEMA-based resins 
containing urethane monomers present higher values of hardness and degree of conversion in comparison to the conventional 
composite resins [5].
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It is important to emphasize that the good performance of the bulk fill composite resins is directly related to the viscosi-
ty of these materials. In the present study, bulk fill flow resins present the best polymerization effectiveness, since high viscous 
composite resins contain a greater amount of inorganic fillers [12, 25, 26]. Differences in the refractive indices between the 
fillers and the organic matrix (filler/matrix ratio) of the composite resins affect their translucency [8, 12, 23, 25]. Different 
parameters must be evaluated in futures studies, because other physicochemical properties of the composites resins are im-
portant factors to predict clinical success of the restorations. 

5. CONCLUSIONS

The photoactivation methods LCA and SS (higher irradiance) produce suitable photoactivation in conventional composites 
up to 2 mm and bulk fill up to 4 mm depth. The bulk fill composites present the same polymerization (microhardness) in 
all depths (0-4mm).
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