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ABSTRACT

 The aim of this in-Vitro study to evaluate the depth of cure of Tetric EvoCeram® Bulk Fill Com-
posite and Tetric N-Ceram® Bulk Fill Composite nano-hybrid low-shrinkage resin based composite 
materials using the Vickers hardness test. Specimens were fabricated in 4 mm bulk depth and 10 
mm width and each sample was light cured using blue phase- G2 light cure device, then finished and 
polished using Sof-Lex™ disks. Specimens were immersed in ultrasonic bath with distilled water for 
two minutes and kept inside an oven at 37°C for 24 hours. Thereafter, the top and bottom surfaces of 
each specimen were subjected to the Vickers hardness testing machine. The hardness was measured in 
three different indentations in the top and bottom surfaces for each sample. Data were collected and 
analyzed using independent T-test. The bottom-to-top ratio of the surface-hardness for both materials 
was over 80% which indicates that the bottom surfaces were adequately cured. This study showed 
that adequate curing of the samples was possible up to a depth of 4mm with no significant differences 
between both types of nano-hybrid low-shrinkage bulk fill resin based composite materials.
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INTRODUCTION

 Composite resins were first introduced in the mid-
1960s for posterior dental restorations.1 Since then, 
the use of composite resins continues to flourish as the 
materials meet the increasing demand for esthetics.2 
The massive increase in the use of these materials has 
lead the manufacturers seeking further improvement 
and development of new sophisticated systems. As a 
result, the compositions and techniques have improved 
resulting in enhanced longevity and strength of the 
composite restorations. However, with all these im-
provements, dentists still face problems while placing 
posterior restorations that are time and technique 
sensitive, necessitating the development of a procedure 
that must be quickly and accurately performed. It has 
been continuously reported that placing and curing 
resin composites in increments was required to achieve 
successful posterior restorations.3 However, if not per-
formed properly, placing multiple layers may result 
in polymerization shrinkage and marginal leakage.4 

Moreover, inadequate curing depth can affect both 
chemical and physical properties of resin composite.5,6 
In order to minimize the undesired effects, composite 
resin should be cured to a high degree and appropriate 
depth.7 Such challenges have led to numerous studies, 
some of which suggest reducing the number of composite 
layers or utilizing a bulk fill materials.

 The bulk fill type of composite materials are placed 
in up to 4-mm thick increments and can be adequately 
cured up to that depth. The composition of these ma-
terials has been altered in various ways to allow for 
increased depth of curing while having less shrinkage 
and shrinkage stress than previous generations of 
composite materials. In 2008, Polydorou et al published 
an in-vitro study to evaluate the depth of cure in two 
translucent composites; the study showed that adequate 
curing of the samples was possible up to a depth of 3.5 
to 5.5 mm.5

 Recent studies support that the bulk fill materials 
result in significant reduction of polymerization shrink-
age and, satisfactory bond strength in comparison to the 
conventional types of composite resins.8 Thus, problems 
related to polymerization shrinkage such as gap forma-
tion, secondary caries, pulp irritation, post-operative 
sensitivity during chewing, or cusp deflection could be 
minimized.9 Placing a self-adapting material as bulk 
saves time as well as improves material handling. The 
progress of bulk-fill composites and new improvements 
in resin and photo-polymerization technology enables 
dentists to be productive without sacrificing quality.
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inside an oven at 37°C for 24 hours in a light-proof 
container. After that, the top and bottom surfaces of 
each specimen were subjected to the Vickers hardness 
testing machine (Micromet 2100, Buehler, Lake Bluff, 
IL, USA) (Fig 5). The specimens were placed on a 
platform and a square diamond pyramid indenter was 
utilized to apply load of 300g to the surface for a 15 
seconds dwell time. Three different squared pyramid 
indentations were done on each surface (Fig 6). Both 
the vertical and horizontal diameters of the pyramid 
were obtained from the machine. The corresponding 
Vickers Hardness Number (VHN) values were taken 
from specially designed tables supplied with Vickers 
Hardness machine. The mean of the vertical and hori-
zontal VHN readings was calculated to have one reading 
per indentation. The mean of the sum of indentations 
per surface was calculated to have one representative 
reading for both the bottom and top surface hardness. 
The values measured at the top were considered as 
100% and the values measured at 4mm distance were 
expressed as percentage of the value and were obtained 
from the following equation:%VHN=bottom VHN/TOP 
VHN × 100. Data were entered using the SPSS Program 
version 16.0 and, analyzed using Independent T- Test.

RESULTS

 Table 2 shows the top and bottom surfaces means 
and standard deviations of the Vickers hardness num-
bers (VHN) for all specimens. Tetric EvoCeram Com-
posite material gave slightly higher results. However 
Independent T- Test showed p-values >0.05 for the top 
to top, bottom to bottom and the overall bottom to top 
ratio for the surfaces hardness (Table 3); indicating 
an insignificant difference between the two materials 
(Fig 4).

 VHN mean values were 103.42 for the top surfaces 
and 88.28 for the bottom of the Tetric EvoCeram Com-
posite specimens. The bottom-to-top surfaces hardness 
ratio equals to 85. 4%. This meant that the top surfaces 
were harder in average by about 14.6% than the bot-
tom surface. For Tetric N-Ceram, VHN mean values 
were 99.69 and 82.94 for the top and bottom surfaces 
respectively. The bottom-to-top surfaces hardness ra-
tio equals 83.61%; which meant the top surfaces were 
harder in average by about 16.39%.

DISCUSSION

 The present study investigated the surface hardness 
and curing depth of two recently introduced bulk-fill 
resin based composite materials (Table 1). There are 
several methods available for testing the depth of cure. 
Infrared spectroscopy and laser are considered direct 
methods while micro- hardness, scraping and visual 
inspection are some of the indirect methods.6

 There are a number of in-vitro tests for establishing 
depth of cure. One of the mostly used is Vickers hardness 
test.10 Hardness is often expressed in percentage; the 
surface hardness is always compared to 100% which 
represents the maximum surface hardness. Accord-
ing to research carried out by Watts in University of 
Manchester; an acceptable curing depth is achieved, if 
bottom hardness corresponds to at least 80% of the sur-
face hardness.11 Experience has shown that the simple 
hardness measures (top and bottom) correspond well to 
the more thorough hardness profile measurements.12

 The aim of this study was to evaluate cure depth 
of two nano-hybrid low-shrinkage bulk-fill resin based 
composite materials using the Vickers hardness test 
24 hours post-cure. The null hypothesis was: There is 
no significant difference between the two materials 
(Tetric EvoCeram® Bulk-Fill Composite and Tetric 
N-Ceram® Bulk-Fill Composite) in the curing depth 
at a standardized distance.

METHODOLOGY

 Approval for the present project was obtained from 
the Collage of Dentistry Research Center in King Saud 
University. Forty disk shaped specimens of Tetric 
EvoCeram® bulk-fill Composite (Ivoclar Vivadent, 
Schaan, Liechtenstein), and Tetric N-Ceram® bulk-fill 
Composite (Ivoclar Vivadent, Schaan, Liechtenstein) 
were fabricated (20 disks of each material) in universal 
A shade IVA (Table 1). IVA shade was selected to min-
imize the effects of colorants on light polymerization.13

 Using a special custom Teflon mold (10 mm in di-
ameter and 4 mm depth) the materials were condensed 
in 4 mm bulk in the mold over the glass slab (Fig 1). 
After the materials were inserted into the mold, a 
transparent plastic matrix strip was placed over the 
material and a glass plate with 1.00 mm thickness was 
secured over it to flatten the surface. Each sample was 
light cured for twenty seconds using blue phase-G2 light 
cure device (Ivoclar Vivadent, Schaan, Liechtenstein) 
following manufacturer instructions within the range 
of 1200 to 1400 Mw/cm2. The tip of the curing device 
was kept in direct contact to the glass plate to maintain 
standardized distance from the tip of the device to the 
top surface of the specimen (Fig 2).

 All specimens were finished and polished using Sof-
Lex™ disks (3M ESPE, St. Paul, MN, USA) gradually 
moving from the coarse to superfine disk with constant 
speed for the same duration. The specimens’ thickness 
was verified by a micrometer (Ultra-cal MarkIII, Fowler 
Tools and Instruments, Sylvac, Newton, MA, USA) (Fig 
3) to ensure uniform 4 mm thickness of all samples.

 After polishing, specimens were immersed in ul-
trasonic bath with distilled water for two minutes to 
remove any remaining debris. All specimens were kept 
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 Hardness is defined as the resistance of a material 
to indentation or penetration, and this property is highly 
related to a material's strength and is used to evaluate 
the wear resistance and determine to which degree 
a material will deform under load. Surface hardness 
is generally accepted as an important property and 
valuable parameter.14 Ferracane15 demonstrated good 

Fig 1: The equipment and materials 

Fig 2: The specimen was ready to be light cured

Fig 3: The verification of the samples' thickness 
using the micrometer

Fig 4: Comparison between Tetric EvoCeram and
Tetric N-Ceram bulk-fill Composites

Fig 5: The Vickers Hardness Machine

Fig 6: The appearance of the indentation under the 
microscope
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correlation between increasing hardness and increasing 
degree of conversion. Bouschlicher et al16 concluded 
that the bottom-to-top surface micro-hardness ratios 
of a composite resin proved to be an accurate reflec-
tion of bottom-to-top degree of conversion. The depth 
of cure and degree of conversion throughout the bulk 
of the resin composite materials is very important for 
the dentists to achieve the success and best clinical 
results.17,18 Multiple parameters can play role in the 
effectiveness of curing depth; some are related directly 
to the material itself such as its thickness or the com-
position as the filler particle type, size, and quantity; 
while others are related to the light source such as the 
intensity and time of the light cure device.

 In this study, the results demonstrated that 4mm 
increment can obtain (under in vitro conditions) a high 

degree of conversion. These findings were in contrary 
to the reports that the composite resin materials were 
not well polymerized if placed in more than 2mm in-
crements, the reason for using incremental technique 
to ensure full polymerization. However, new materials 
and technologies are being developed creating a great 
interest among researchers for further improvements.

 Enamel and Dentine Vickers hardness values have 
been stated as 348 VHN and 80 VHN respectively.19 
To assure an optimal clinical performance of the resto-
rations, it is important to use materials with hardness at 
least similar to that of dentine not only superficially but 
also in deep layers.20 Tetric EvoCeram exhibited 103.42 
and 88.82 mean VHN values for the top and bottom 
surfaces respectively. The top surface mean VHN value 
for Tetric N-Ceram was equal to 99.69 while its bottom 
VHN mean value was 82.94. Therefore, both materials 
exhibited VHN values more than that of dentine even 
at the 4mm depth; so these materials are expected to 
perform well clinically. The total Hardness is usually 
expressed as a percentage of the surface hardness. 
To define the depth of cure based on top and bottom 
hardness measurements, it is common to calculate the 
ratio of bottom-to-top hardness. To consider the bottom 
surface as adequately cured, values of 80% and 85% 
have often been used.21

 The amount of light to which the composite resin 
materials are exposed affects the degree of polymer-
ization.22 Ideally, the bottom-to-top surface hardness 

TABLE 1: TETRIC EVO-CERAM AND TETRIC N-CERAM BULK-FILL COMPOSITE

Restorative materials Tetric EvoCeram Tetric N-Ceram
Manufacturer Ivoclar Vivadent, Schaan, Liechtenstein Ivoclar Vivadent , Schaan, Liech-

tenstein
Composition Matrix:Bis-GMA, UDMA Filler: Barium glass, 

YbF3, oxides, and prepolymers  
Matrix: dimethacrylates Filler : Bar-
ium glass, YbF3, and mixed oxides

Filler content 80% by wt. and 60% by vol. 75-77% by wt., 53-55% by vol.
Type Nano-hybrid RBC Nano-hybrid RBC
Shade IVA IVA

*Bis-GMA: bisphenol A-glycidyl methacrylate, *UDMA: urethane dimethacrylate, *YbF3: ytterbium trifluoride, 
*wt: weight, *vol: volume, *RBC: resin based composite

TABLE 2: COMPARISON BETWEEN MEANS AND STANDARD DEVIATIONS OF TETRIC EVOCERAM 
AND TETRIC N-CERAM BULK-FILL COMPOSITES

Type of Composite Surface Mean Std. Deviation Std. Error Mean
Tetric EvoCeram Top 103.4245 7.32332 1.63754

Bottom 88.2770 12.22084 2.73266
Bottom-to-top ratio 85.3960 10.77669 2.40974

Tetric N-Ceram Top 99.6915 9.21192 2.05985
Bottom 82.9390 12.94422 2.89442
Bottom-to-top ratio 83.6090 13.24721 2.96217

TABLE 3: COMPARISON BETWEEN TETRIC 
EVOCREAM AND TETRIC N-CREAM 

COMPOSITES USING INDEPENDENT T-TEST 
AND LEVENE’S TEST

Test Surface P-Value
Independent 
T-Test  for Equality 
of Means

Top 0.1645
Bottom 0.188
Bottom :Top Ratio 0.6425

Levene's Test for 
Equality of Vari-
ances

Top 0.603
Bottom 0.781
Bottom :Top Ratio 0.413
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scores have to be very close or equal to each other 
indicating that the degree of polymerization of the 
material remained the same throughout its depth. But 
intensity of the light is gradually reduced because of 
light scattering as it passes through the depth of the 
composites, therefore the effectiveness of the light in 
curing the bottom surface is reduced.23

 It is generally accepted that an adequate depth of 
cure has been achieved if the bottom hardness corre-
spond to at least 80% of the surface hardness.24 The 
bottom-to-top surface ratio of VHN at 4 mm distance 
was equal to 85.4% and 83.61% for Tetric EvoCeram 
and Tetric N-Ceram bulk fill composites respectively. 
Both materials exhibit hardness percentages that 
were higher than the generally accepted 80% level. 
The difference between two materials was less than 
2% (p >.05); thereby the null hypothesis was accepted. 
Several previous studies have shown similar results for 
bottom-to-top surface hardness ratio of Tetric EvoCe-
ram bulk fill composite.25 However, no published data 
is available regarding the surface hardness of Tetric 
N-Ceram bulk fill composite at 4 mm depth.

 The possible reasons behind the 4mm increments 
to be cured as a bulk in Tetric EvoCeram and Tetric 
N-Ceram bulk-fill Composites could be advanced 
composite-filler technology, a pre-polymer shrinkage 
stress reliever, a light initiator/polymerization booster 
(Ivocerin®) and a light sensitivity filter.

CONCLUSION

— Adequate curing was achieved for both the tested 
materials; Tetric EvoCeram bulk fill composite and 
Tetric N-Ceram bulk fill composite at 4 mm depth.

— There was no significant difference between the two 
materials (Tetric EvoCeram bulk fill composite and 
Tetric N-Ceram bulk fill composite) in the curing 
depth from a standardized distance.
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