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Abstract
The aim of this study was to determine Relative Hardness (RH) of a restorative bulk-fil composite when polymerized in in-
crements with two LED lights. Methods: Two resin composites were used, Tetric-Evoceram Bulk-fill and Tetric -Evo Ceram 
nano-hybrid Universal (Ivoclar-Vivadent). Specimens were prepared from shade A2 in 4 thicknesses (1 – 4 mm). Two LED 
light polymerization units were used, Elipartm Deep-cure, 3M/ESPE and Blue phase Style, Ivoclar-Vivadent. Specimens were 
polymerized from upper surface only for 10 and 20 sec. Knoop microhardness measurements were then made on both upper and 
lower surfaces of each specimen. Ten Knoop hardness numbers (KHN) were obtained per specimen, five upper and five lowers. 
RH ratios were calculated by dividing a lower KHN by the corresponding upper value. Five RH ratios were obtained from each 
specimen (n = 5). Data were statistically-analyzed with multi-variate ANOVA. Results: ANOVA revealed significant differences 
among the groups (p<.0001). In general, 20 sec polymerization-cycle resulted in higher RH ratios than the 10 sec one. RH ratios 
decreased as specimen thickness increased. For Tetric-Evoceram Bulk-fil, RH ratio fell below the desired 80% level once incre-
ment thickness was greater than 2 mm irrespective of light unit used.  For Tetric-Evoceram Nano-hybrid, RH ratio fell below the 
desired 80% level once increment thickness was greater than 1 mm irrespective of light unit used. No significant difference was 
found between the two light units in terms of mean RH ratios (P = .247). Conclusions: While RH ratios were generally higher for 
Tetric Evo Ceram Bulk-fil, indicating a better monomer conversion, however, when specimen thickness was greater than 2 mm, 
RH ratios fell significantly below the desired 80% level. This finding is alarming as it directly relates to the risk of incomplete 
hardening that can be encountered in the Class 2 restorations. Thinner increments should be always used irrespective of the 
type of the composite restorative along with longer polymerization cycle of at least 20 seconds to ensure optimum hardening.

Introduction
Globally, the use of bonded composite restorations continues 
to increase on the expense of traditional amalgam restorations. 
[1] In the last few years, the widespread use of light sources 
has given rise to manufacturers producing several varieties of 
light units with variable intensities. Several factors can affect 
the intensity of a light unit such as line voltage [2], condition 
of the bulb and filters [3], resin adherence to the curing tip end, 
fracture of optic fiber bundles inside the light guide [4] and, 
more importantly, the type of the light unit (LED, Plasma-arc, 
Halogen and laser). LED light units have become the most 
popular and are used widely by dentists in North America
A polymerization light with proper wavelength range must 
reach all areas of a light-activated restoration to ensure ad-
equate polymerization and long-term clinical success. The 
depth of polymerization of composite restorations is affected 
by several factors, one of which is light energy [5,6]. Manufac-
turers have recently produced a number of radiometers useful 
for measuring the light intensity of the unit in the amount of 
energy on a given surface area (mW/cm2), in a limited wave-
length range (400 to 520 nm). This is a way that clinicians can 
rely on to verify periodically the effectiveness of their dental 

polymerization lights [7,8].
Methods for evaluating the depth of polymerization of light-ac-
tivated composites include optical microscopy to detect chang-
es in the translucency of the polymerized section [9],  scraping 
a specimen to remove unpolymerized portion and determine 
the depth of polymerization [10], infrared spectroscopy [11] 
and determining the relative hardness (RH) of the lower and 
upper surfaces of polymerized specimens [12,13].
Factors that may contribute to the quality of polymerization 
of composite restorations include light intensity [14-17] ex-
posure time [14,16,18-21], light wavelength [22], thickness 
of the composite increment [20], distance between the tip of 
the light guide and the surface of the composite [23], shade of 
the composite [24] and composition of the composite material 
[12,21,23,25,26].
Depth of polymerization and microhardness testing have been 
widely used to assess the relative hardness of resins and, thus, 
the efficiency of light sources [27,28]. Surface microhardness 
is related to the degree of monomer conversion and resin com-
posites showed a gradual decrease of microhardness from the 
top surface toward the bottom of specimens polymerized from 
the top surface only [29]. Since microhardness measurement 
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has been deemed a useful method to indirectly probe degree of 
conversion of the polymer matrix [30], the gradual decrease in 
microhardness along the specimen’s thickness suggests a de-
crease in the degree of monomer conversion with decreasing 
light penetration and increasing distance from the irradiated 
surface [30].
Four types of polymerization sources have been developed: 
quartz tungsten halogen (QTH) lamps, light emitting diodes 
(LED) units, plasma-arc lamps and argon-ion lasers [31,32].
Halogen light emits light intensities ranging from 400–800 
mW/cm2  [33], however, despite its low cost, halogen lights 
have some limitations, such as gradual reduction in energy 
output over time, limited depth of cure and relatively longer 
exposure time [33,34]. It is expected that, if the light intensity 
is increased, the degree of polymerization improves, the po-
lymerization depth increases and a shorter irradiation time is 
possible [35,36].
The use of light-emitting diodes [LED] units have certain ad-
vantages over conventional light units: Many of them are wire-
less, and the LEDs have an estimated lifetime of about 10,000 
hours, in contrast, QTH bulbs have a lifetime of 50 to 100 
hours.[28,37,39]
If a resin composite restoration does not receive sufficient light 
exposure at the correct wavelength, the degree of polymeriza-
tion may be less than ideal [14,40,41]. Previous studies have 
reported that QTH lights should deliver a minimum irradiance 
[power density] of 300 to 400 mW/cm2 to adequately cure a 
1.5- to 2.0-mm increment of resin composite [14,15,42]. Al-
though many lights can produce much more than 400 mW/cm2, 
the spectral emission from some of these lights may not match 
the absorption characteristics of the photosensitizers used in 
the resin composites, which then fail to polymerize adequately 
despite receiving sufficient total light energy [28,39,43-50]. 
More than 37% of composite restorations are clinically insuf-
ficiently polymerized, and most of the time it is due to inef-
ficient light units with intensities of less than 300 mW/cm2, 
which are described in the literature as inadequate, unusable, or 
unsuitable [28]..Three international studies conducted to mea-
sure the intensity of light units used for polymerization of resin 
composites in private dental offices reported that 33% to 48% 
of the lights had intensities of less than 300 mW/cm2 [51-53]..
The aim of this study was to determine relative hardness of a 
bulk-fil composite restorative when polymerized in increments 

of 1 mm thick with two polymerization cycles.  A conventional 
micro-hybrid composite restorative served as a control. In ad-
dition, two high-intensity light polymerization units were com-
pared in terms of their effect on hardening of the two composite 
restoratives.

Methods and materials
Details of two light polymerization units used in this study are 
presented in table [1]. Two resin composite restoratives were 
used [Tetric evoceram nano-hybrid Universal Composite Re-
storative Resin [Figure 1] and Tetric Evoceram Bulk Fill, [Fig-
ure 2], Ivoclar Vivadent, Germany] with a shade of A2 for both 
materials. The manufacturers and   detailed composition of the 
restorative resin composite materials are presented in Table 1, 
2.
Thirty-two-disc specimens of the two composite resins were 
obtained. Prefabricated cylindrical metallic molds with a 3 
mm internal diameter and thicknesses of 1 mm, 2 mm, 3 mm 
and 4 mm were used to make the specimens. Specimens were 
prepared by placing a mold on a glass slide lined with a My-
lar strip, then the mold was filled up flush with the composite 
material before another glass section lined with a Mylar strip 
was placed on top of it. The glass sections were secured to-
gether with a clamp. Composite resin [shade A2, Tetric evoc-
eram Universal the LED light was applied from the top surface 
only for either 10 or 20 seconds. Both Light unit intensities 
were measured before every light activation using the Check-
MARC®   System provided by BlueLight Analytics. The resul-
tant polymerized composite specimen thickness was verified 
with a micrometer to ensure accuracy. Specimens were indi-
vidually placed in black vials in water and were stored in the 
dark for 48 hours at 37±1°C.
After storage, each specimen was submitted to a micro-hard-
ness test [Tukon 300; Acco Industries Inc., Wilson Instrument 
Division, Bridgeport, Conn.]. A Knoop indenter was used for 
making the indentations. Micro-hardness measurements were 
made on the light-exposed surface [top surface] and on the bot-
tom surface for all specimens. Five indentations were made on 
each specimen surface [top and bottom] under a static load of 
50 g for 30 s [Figure 3]. Relative Hardness [RH] was calcu-
lated as a ratio between Knoop hardness number of the lower 
surface over that of the upper. Five RH ratios were obtained per 
specimen [n = 5]. Data were analyzed by four-way univariate 

Figure 1: Syringe containing Tetric Evoceram resin composite 
restorative.

Figure 2: Syringe containing Tetric Evoceram Bulk Fill resin 
composite restorative.
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Manufacturer brand name Style Intensity(mw/cm2) wavelength Manufacturing company
Bluephase style wand Max 1,100 mw/cm2 385-515 nm Ivoclar-Vivadent

Elipartm-Deep cure wand 1,470 mW/cm2 430-480 nm 3M/ESPE

Manufacturer brand name Composition 

Tetric Evoceram bulk fill Bis-GMA, Bis-EMA and UDMA; fillers: barium aluminum silicate glass with two different mean 
particle sizes, an isofiller, ytterbium fluoride and spherical mixed oxide.

Tetric Evoceram

nano-hybrid

Urethane modified Bis-GMA resin; TEGDMA; polymerizable
dimethacrylate resin; silanated barium-aluminoborosilicate
glass; silanated barium-boron-fluoro-alumino-silicate glass; silicon dioxide;
fluorescent agent; synthetic inorganic iron oxide pigments; titanium dioxide.

Type of Composite Material Thickness Light unit Polymerization cycle
Relative hardness ratio

Mean (SD)

 TETRIC EVOCERAM BULK FILL 1 mm Deep Cure 10 Sec .74 (.05)
20 Sec .88 (.03)

Blue phase 10 Sec .82 (.07)
20 Sec .93 (.02)

2 mm Deep Cure 10 Sec .73 (.06)
20 Sec .80 (.04)

Blue phase 10 Sec .73 (.07)
20 Sec .79 (.02)

3 mm Deep Cure 10 Sec .58 (.05)
20 Sec .59 (.05)

Blue phase 10 Sec .61 (.05)
20 Sec .61 (.04)

4 mm Deep Cure 10 Sec .40 (.05)
20 Sec .57 (.06)

Blue phase 10 Sec .37 (.04)
20 Sec .57 (.04)

TETRIC EVOCERAM
Nano-hybrid

1 mm Deep Cure 10 Sec .74 (.07)
20 Sec .92 (.04)

Blue phase 10 Sec .88 (.03)
20 Sec .88 (.05)

2 mm Deep Cure 10 Sec .56 (.04)
20 Sec .62 (.06)

Blue phase 10 Sec .52 (.02)
20 Sec .67 (.08)

3 mm
Deep Cure 10 Sec .35 (.03)

20 Sec .44 (.05)
Blue phase 10 Sec .42 (.04)

20 Sec .51 (.06)
4 mm Deep Cure 10 Sec .34 (.02)

20 Sec .45 (.06)
Blue phase 10 Sec .37 (.04)

20 Sec .41 (.02)

Table 1: Characteristics of LED light polymerization units used.

Table 2: Composition of composite material used.

Table 3: Mean relative hardness ratios and standard deviation values for both composite restoratives with the two light units at the 
two polymerization cycles and the four specimen thicknesses.  
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Source Type III Sum of Squares
Degrees of 
freedom Mean SquareF P value

Partial Eta Squared

Type of composite .087 1 .087 26.656 .0001 .516
Material thickness .815 3 .272 83.526 .0001 .909
Light unit used .005 1 .005 1.405 .247 .053
Curing time .069 1 .069 21.073 .0001 .457
Error .081 25 .003
Total 13.312 32
Corrected total 1.056 31

Table (4): Statistical analyses ANOVA results for all variables.

Figure 3: Diagrammatic representation of a composite speci-
men surface with locations of 5 indentations made with the 
Knoop indenter, one at the center and one at each corner.                                                                        

ANOVA with 95% confidence level. Data analyses were per-
formed using SPSS version [22].

Results
Mean RH ratios decreased with increasing thickness of the 
material increment regardless of the light unit used, polymer-
ization cycle or type of composite. In general, RH ratio was 
higher for the Tetric Bulk-Fill compared to the Tetric Evo Ce-
ram. Mean [SD] RH ratios for all groups are given in [Table 3]. 
Four-way univariate ANOVA showed that all variables, with 
the exception of the type of light unit, to have a statistically 
significant effect on RH ratios [p<.0001]. RH ratio increased 
with increasing polymerization cycle and decreased with in-
creasing increment thickness. Changing the type of light unit 
did not have any statistically significant effect on RH ratio [P 
= .247] [Table 4]. 

Discussion
Relative hardness measurements are simple, reproducible and 
reliable information that provide a good indication of the quali-
ty of monomer conversion within a resin composite restorative 
increment. An 80% relative hardness ratio was established as 
an arbitrary ratio that is universally accepted as a cut off point 
for optimum polymerization of resin composite. A relative 
hardness ratio greater than 80% for a 2 mm resin composite 
increment indicates adequate monomer conversion with subse-
quent optimum polymerization. In contrast, a relative hardness 
ratio less than 80% for a 2 mm thick increment of composite 
resin indicates less than ideal monomer conversion. As seen in 

Table 3, in general, the reported relative hardness ratios ranged 
from 37% to 93% which is a fairly wide range. Perhaps there 
is need to create an arbitrary buffer zone where relative hard-
ness ratios that are less than 80% but greater than 60% are 
considered acceptable, however, not optimum. While relative 
hardness ratios less than 60% would be considered clinically 
unacceptable. 
Statistical analyses of the results of the present study showed 
that for the two composite materials, the relative hardness ra-
tios were not significantly different between the 1mm and 2mm 
increment thickness with either LED lights used. For the two 
materials, when the 1 mm composite increment thickness was 
tested, the relative hardness ratios ranged from 74% to 94% in-
dicating acceptable monomer conversion. However, when the 
composite increment thickness increased to 2 mm, the relative 
hardness ratios ranged from 58% to 80%. While these ratios 
fell below the optimum level, they were well within the “ac-
ceptable range”.
For the 3 mm thick composite increment, relative hardness ra-
tios ranged from 35% to 61% for both composites and with 
both LED lights. While for the 4 mm thick composite incre-
ment, the range dropped to 34% to 57%. This means that for 
both increment thicknesses, relative hardness ratios fell below 
the acceptable level and, indeed, were far from the optimum 
level. Based on this, for both materials tested, dentists must 
ensure that the maximum thickness used in a composite resto-
ration must not exceed 2 mm. This is in order to ensure accept-
able monomer conversion with subsequent adequate hardness. 
The bulk fill resin composite had better overall higher relative 
hardness ratios particularly at the deeper levels [3 and 4 mm]. 
This might be due to compositional differences in the inorgan-
ic fillers incorporated, their loading and distribution.  Bulk-fil 
composites have a lower inorganic filler loading which may 
contribute to less light scatter and deeper penetration of the 
LED light within the composite increment. This speculation 
is based on the premise that more inorganic fillers will impede 
light penetration with limited amounts of light energy reaching 
the deeper levels of the composite increment.
Both LED units used in this study provided the minimum en-
ergy output required for adequate polymerization of resin com-
posites and both performed well. However, only two repre-
sentative composite materials were tested in the present study 
which is a limitation. More studies are needed where a larger 
number of bulkfil composites is included.
The results of the present study indicated that increasing the 
composite increment thickness beyond 2 mm adversely affect-
ed the degree of polymerization due to limited light penetration 
with subsequent less than ideal relative hardness ratios. This 
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is in agreement with findings reported in a study by Price et 
al who found that with increasing specimens’ thickness, there 
was exponential decrease in light energy transmitted for seven 
different resin composites tested using 2 different light intensi-
ties [26]. However, Flury et al found that increasing the thick-
ness of resin composite materials will lead to a decrease in the 
microhardness of conventional resin composites but not the 
bulk fill resin composites [27]. There could be some material 
specific variables that led to their contrasting findings.

Conclusions
Based on the findings of this work, it is concluded that:
 [1] The resin composite type, increment thickness and polym-
erization cycle were all factors that influence the relative hard-
ness ratios. 
 [2] Two different light polymerization units performed equally 
with respect to relative hardness ratios of the two composites 
tested.
[3] Increasing light exposure time from 10s to 20s resulted in 
statistically higher relative hardness ratios regardless of the 
composite increment thickness.
[4] Clinician should consider increasing polymerization cycle 
to 20 seconds and using thin composite increments regardless 
of the type of material used in order to optimize hardening.
[5] Relative hardness ratios of the bulkfil material tested fell 
below the accepted range once the material increment thick-
ness increased to 3 and 4 mm. 
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