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Abstract

Background: Dental condensable composite resins were used as a substitute for dental amalgam to restore posterior teeth. They were be condensed as dental amalgam,
which made it easier to produce an accurate proximal teeth contact.

Objectives: The aim of this study was to measure the top and bottom hardness of two condensable composites at different thicknesses (2,3,4 and 5 mm) at different
loads (25,50 and 100 gf). Percent depth of cure was calculated for both materials at the different thicknesses. The correlation between the hardness and percent depth
of cure was calculated.

Materials and methods: The materials used were Glacier and SureFil condensable composite resins. 120 specimens were prepared from both composite resins, 60
specimens each using transparent Perspex molds of 4mm diameter and thicknesses of 2,3,4,5 mm. Specimens of each composite resin were divided into 4 groups
corresponding to the different thicknesses, 15 specimens for each thickness. Specimens for each thickness were further divided into 3 subgroups, 5 specimens for each
load applied during hardness testing (25,50 and 100gf). The hardness was measured using a universal micro hardness testing machine for the top and bottom surfaces
of each specimen. Percent depth of cure was calculated by dividing the bottom hardness value by the top hardness value and multiplied by 100. Also, the correlation
between the hardness and percent depth of cure was calculated.

Results: The results indicated that, the top hardness values were greater than that of the bottom hardness values for both composite resins. Glacier composite showed
that, the hardness was increased by increasing the testing loads and decreased by increasing the thickness, except at 3 mm thickness of Glacier, which showed higher
hardness than 2 mm thickness. Also, SureFil composite resin showed increased hardness values by increasing the testing loads and decreased by increasing the
thickness. The hardness of 3mm thickness was greater than that of 2mm thickness. The percent depth of cure in 2mm and 3mm thicknesses were more than 80%, while
the other thicknesses showed percent depth of cure less than 80%. Both materials showed high positive correlation between the hardness and percent depth of cure.

Conclusions: The top hardness was greater than that of the bottom hardness. The hardness of 3mm thickness was greater than that of 2mm thickness. The hardness
was increased by increasing the testing loads and decreased by increasing the thickness. The percent depth of cure was decreased by increasing thickness. There was
high positive correlation between the hardness and percent depth of cure.

Introduction silicon dioxide glass particles or barium aluminum silicate or strontium
glasses. This composite resin has a unique properties because the resin

Composite resin restorative materials was introduced to the dental ;. rporated into the fibrous ceramic filler structure [1].

field to replace dental amalgam because of better esthetics. These
restorative resins were subjected to intensive changes in its compositions Condensable composite resins are designed to be used in areas
to overcome the drawbacks of this class of dental biomaterials to that are subjected to greater stresses such as pOStCI’iOI’ restorations.
improve its strength and polymerization shrinkage. There were several ~ The condensable composites has good handling properties such as the
classes of composite resins such as conventional, microfilled, hybrid, ~ application technique that is similar to amalgam. The physiological
nanofilled composite resins and finally the condensable or packable
composite resins were introduced to be condensed directly into the
cavity to restore posterior teeth.
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interproximal contacts in class II restorations could be reproduced
easily using of matrix bands and wedges. The condensable composites
has showed good physical and mechanical properties and superior
handling characteristics [2].

Manufacturers demonstrated bulk placement of condensable
composite resins because they have low polymerization shrinkage
which resulted from increased filler loading. The conventional hybrid
composites should be applied incrementally and cured in 2 mm
thickness only, while condensable composite resins could be cured up
to 5 mm depth [3].

Previous studies demonstrated that the fracture resistance of
weakened teeth restored with packable resin composite have been
similar of sound teeth [4]. Other researches demonstrated that the
marginal adaptation and polymerization shrinkage of bulk-fill flow able
composite resins showed significantly less polymerization stresses than
that of the conventional flowable composites [5]. The indenter load had
a statistically significant effect on the measured hardness of composite
specimens and it could produce a fails results if not selected carefully.
Hardness tests could be classified on the type of indentation load into
macro hardness, micro hardness and nanohardness. Microhardness
testers (Vickers, Knops) use applied loads ranging from 1 gf to 1 kgf [6].
On the other hand, there were a limited number of studies regarding
the condensable composite resins. Therefore, the present study was
conducted to measure the top and bottom hardness of two condensable
composites at different thicknesses and different loads. Percent depth
of cure was calculated for both materials at the different thicknesses.
The correlation between the hardness and percent depth of cure was
calculated.

Materials and methods

The materials used in this study were two condensable composite
resins, (1) Glacier (Southern Dental Industries Limited, Australia). It is
a radiopaque, light cured, microfilled-hybrid composite resin, shade A2
and (2) SureFil (Dentsply Caulk, Lakeview & Clark Avenues, Milford,
DE 19963-0359, USA). It is a high-density posterior restorative, hybrid
composite, radiopaque, light-cured, highly viscous and packable
consistency. Shade A was used because SureFil composite resin was
supplied in shades of A, B and C.

Hardness test

For the hardness test, 120 specimens were prepared from both
Glacier and SureFil composite resin materials, 60 specimens each.

Specimens were prepared using transparent Perspex moulds of 4mm
diameter with different thicknesses of 2,3,4,5 mm. specimens of each
material were divided into 4 groups, 15 specimens for each specimen
thickness, further, divided into 3 subgroups, 5 specimens for each
applied load from the micro-hardness tester during testing. The
material was condensed into the mould, covered with celluloid strip
and cured for 40 seconds from one side only, which assigned as the
top surface. The tip of the curing unit was placed immediately over
the transparent strip (zero distance). After curing, specimens were
removed from their moulds and stored in deionized water at 37°C
for 24 hours. Top and bottom hardness were measured using micro-
hardness tester (FM, Future Tech Corp. Tokyo, Japan.). The applied
load on the indenter of the micro-hardness tester was 25,50 and 100 gf
for 5 seconds. The dimensions of the indentation made by the testing
machine was automatically measured to calculate the Vickers hardness
number (VHN). Three readings were made for each surface to get the
mean value of the hardness for each surface. These values were then
averaged for the five specimens to obtain a mean top surface hardness
values and a bottom surface hardness values. The bottom hardness
values were divided by the top hardness values and multiplied by 100 to
obtain percentage depth of cure. If that mean hardness value exceeded
80%, the specimen was considered to be adequately polymerized [6].

Statistical analysis

The data were collected and tabulated for statistical analysis. Two-
way ANOVA was used to detect the significance through the tested
groups for the hardness test and percent depth of cure. When significant
effects were detected, least significance difference test (LSD) was used
to determine the significant differences between groups at the level of
significance p< 0.05.

Hardness test:

The results of the hardness test of Glacier composite resin are
presented in Table 1. Two-way ANOVA showed highly significant
differences between the hardness values of the different thicknesses
and loads (P<0.001). The interactions of thicknesses and applied loads
were not statistically significant (P>0.05). The statistical analysis of
the results were highly significant among the top and bottom surfaces
hardness values (P<0.001). The interactions of different thicknesses and
surfaces were highly significant (P<0.001). The interactions of different
loads and surfaces, also between loads, thicknesses and surfaces were
not significantly different (P>0.05). The statistical analysis of the results
showed significant differences between top and bottom hardness values

Table 1. Top and bottom hardness for Glacier composite resin at different loads and thicknesses (VHN)

25 gf 50 gf 100 gf
Average
Top Bottom Top Bottom Top Bottom +SD
Thickness Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD
2 mm 33,7+ 3.8 27.0m+ 1.9 36.7°%M£ 4.2 29.91K + 32 42.4°+23 323+ 2.8 33,5848+ 5.05
3 mm 35.0¢t+ 3.3 28.2km+ 32 38.7%d £ 43 31.20k+ 3.4 40.6"%+3.5 35.0¢ + 4.0 3484+ 538
4mm 33.6%"+ 3.0 257m+2.1 36.5%%+ 2.7 28.8Km+ 2.0 39.9%¢+ 22 3350+ 2.4 32.838+£5.13
5 mm 32,3+ 3.4 17.97+ 1.8 37.6%0+22 26.5m+2.1 39.0%0 2.8 30,174+ 2.9 30.54°+ 4.39
Average + SD 27.79°+7.79 31.758+6.33 3526+ 7.69
Values with same superscripts are not significantly different.
F-value 39.59
P-value P<0.001
LSD 1.5
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at each applied load. There were significant differences between different
thicknesses and loads particularly the bottom surfaces(P<0.001).

The results of the hardness test of SureFil composite resin are
presented in Table 2. Two-way ANOVA showed significant differences
among the different thicknesses, loads and surfaces (P<0.001). The
interactions of thicknesses and applied loads were significantly different
(P<0.05). The interactions of thicknesses and surfaces, and applied
loads and surfaces were highly significant (P<0.001). The interactions
of thicknesses, loads and surfaces were not significantly different
(P>0.05). LSD test showed significant differences among the different
applied loads, surfaces and thicknesses.

Percent depth of cure

The mean percent depth of cure for Glacier and SureFil composite
resin materials are presented in Tables 3 and 4. The statistical analysis
of the results showed highly significant differences between different
thicknesses and applied loads (P<0.001). The interactions of the applied
loads and different thicknesses were highly significant (P<0.001). The
percent depth of cure was above 80% when the material applied in
2mm or 3mm thickness except for SureFil at 25 gf. More than 3mm
thickness, the percent depth of cure was less than 80%. The material
can be considered adequately polymerized when the percent depth of
cure was greater than 80%. The highest mean percent depth of cure was

Table 2. Top and bottom hardness for SureFil composite resin at different loads and thicknesses (VHN)

Load 25 gf 50 gf 100 gf
Average
Top Bottom Top Bottom Top Bottom £SD
Thickness Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD
A
2 mm 38.1¢%+2.4 26.31+2.1 4080+ 3 ] 38.2%fk+33 44.1*+ 3.4 41.3bde+ 2.7 318'61‘3‘3
3 mm 36.58+3.1 2570+ 2.5 40,20+ 3.5 38.0°%+ 1.9 452°+3.4 42.0%4+3 .4 37.852+ 7.0
4 mm 37.3%+£2.7 22.0+2.5 37.9+3.9 30.6"+2.6 43.8"+ 4.8 31.9"+3.0 33.93%+7.61
5 mm 36.88+3.7 19.8'+2.3 38.6%f+2.4 2298 +2.5 42.9%+3.5 28.3M+2.7 31.54°+8.99
Average + SD 30.25¢+7.68 35.98+6.39 39.944 £+ 6.69
Values with same superscripts are not significantly different.
F-value 32.99
P-value P<0.001
LSD 1.6
Table 3. Percent depth of cure for Glacier composite resin
Load 25 gf 50 gf 100 gf Average
Thickness Mean = SD Mean = SD Mean = SD +SD
2 mm 80.12%+4.2 81.47¢+5 76.18"+ 1.6 79.148+ 4.4
3 mm 80.57+ 1.9 80.62°+ 1.3 86.21°+2.2 82.474+32
4 mm 76.49'+ 1.1 78.9%+ 4.68 83.96°+ 1.8 79.78%+ 4.2
5 mm 55.59"+2.4 70.48¢+ 3.5 77.18%+£2.2 67.85¢+9.5
6 mm 3777+ 1.3 42271+ 3.1 44.841+ 3.7 41.63°+3.3
Average + SD 66.17°+17.3 70.75% + 15.4 73.6°+15.3
Values with same superscripts are not significantly different.
F-value 293.8
P-value P<0.001
LSD 1.29
Table 4. Percent depth of cure for SureFil composite resin
Load 25 of 50 gf 100 gf Average
Thickness Mean = SD Mean = SD Mean = SD Mean+S D
2 mm 69.03¢+ 3.7 93.63:+2.9 93.65'+£2.3 85.447 £ 12.1
3 mm 68.77°+ 1.5 94.53:+3.2 92.92:+ 4.6 85414+ 12.3
4 mm 58.98+3 80.74°+ 3.8 72.83¢£2.3 70.858+9.7
5 mm 53.8¢+ 1.6 59.07"+ 1.8 65.97°£2.5 59.61€+5.5
Average =S D 62.65%+ 6.9 81.99°+ 14.9 81.342 £ 12.6
Values with same superscripts are not significantly different.
F-value 229.9
P-value P<0.001
LSD 1.05
Table 5. Correlation coefficient between the hardness and percent depth of cure of both composite resins
Materials Variables Hardness Percent depth of cure
. . . Hardness
Glacier composite resin -
Percent depth of cure 0.505 e
. . . Hardness e
SureFil composite resin -
Percent depth of cure 0.711 e

* Positive correlation
** Highly positive correlation
+ Not significant
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recoded for both materials at 2 mm and 3 mm thickness. Both materials
showed highly positive correlation between the hardness and percent
depth of cure (Table 5).

Discussion

Composite placement is far more time-consuming and demanding.
Composites cannot be packed vertically into a cavity in such a way
that the material flows laterally as well as vertically to ensure intimate
contact with the cavity walls. Condensable composites were developed
by adjusting the filler distribution to increase the strength and stiffness
of the uncured material and provide a consistency and handling
characteristics similar to those of lathe-cut amalgam. Recently, several
curing methods have been introduced to reduce the exposure times
and/or greater depth of cure. These are highly desirable benefits that
can greatly reduce restoration treatment time and associated cost to the
patient. Increased intensity of the curing lamps allows shorter curing
times or increased depth of cure [7].

Condensable composite resins may preferred by most clinician
because of its easily handling characteristics than conventional resin-
based composite resins. The physical properties of condensable
composites were superior to those of micro filled composites but they
aren’t superior to small-particle hybrid composites [8].

In this study, composites of shades A2 for Glacier and A for SureFil
and the curing time of 40 seconds because they are clinically relevant.
Depth of cure and hardness of composite were studied because they are
important and clinically relevant measures of the quality of curing of
the condensable composite resins. The tip of the curing unit was placed
directly over the transparent strip (zero distance) over the transparent
celluloid strip on the molds to obtain the maximum intensity of the
light and deepest curing depth. The larger the curing tips distance in
relation to the composite, the lower the knops hardness values [9].

The data obtained from this test revealed that, the top hardness was
greater than that of the bottom hardness regardless the thickness of the
composite or the applied indenter load particularly at the increased
depths. Previous research concluded that there were significant
differences among the depths of the cured composite resins. The
hardness at the top surface was significantly higher followed by the
middle and bottom surfaces. This based on the average optical density
of the condensable composite resins always increased as thickness
increased which may affect its curing quality [10,11].

The depth of cure is an important property for light-activated
composite resins because insufficient curing of the deep part of the
composite restoration may leads to increased releasing of monomer,
decreased strength, stiffness, and insufficient bonding to the teeth
[12]. There are several methods for testing of the depth of cure, such
as scraping test [13], hardness and degree of conversion measurements
[14], quantification of released monomers [15], penetrometer test [16],
and discoloration test [17]. In this study, the percent depth of cure
was determined by measurement of the top and bottom hardness of
specimens. The bottom hardness was divided on the top hardness then
multiplied by 100 to get the percent depth of cure.

The present study used 2,4- and 5-mm thicknesses for measurement
of the hardness of Glacier and SureFil condensable composites because
a previous study demonstrated that both materials could be cured for
5mm thickness [18]. The influence of co-initiators in a composite and
the effect of the wavelength of the light on the hardness are marked.

Dent Oral Maxillofac Res, 2020 doi: 10.15761/DOMR.1000357

Light transmission in dental composite resins is high for the longer
wavelength than for the shorter wavelength. This means that a high
percentage of the shorter wavelengths is absorbed near the surface of
the composite and cannot excite co-initiators in greater depth [19].
This explains why the higher load gives higher hardness than that of
the lower load. The hardness values at the bottom were not significantly
different from their top hardness values measured at the same time for
2 and 3 mm thicknesses. For 4 and 5 mm thick specimens, the hardness
values at the bottom were significantly different from those at the top
measured at the same time.

The results of this study showed reduction in bottom hardness with
increased depth of the composite, except for 3 mm depth of glacier
composite, which exhibited greater hardness than that of 2 mm depth.
This finding might be due to the heat produced during polymerization
which developed by double bonds conversion. The temperature rise
is different between the different parts of the specimen. The deeper
parts had higher temperature rise than that of the superficial parts
because of the reduced heat conduction to the surroundings. Minimum
increase in temperature may leads to significant increase in the
hardness values. It was demonstrated that subsurface hardness would
increase with increasing size of the polymerizing specimen. Also, the
oxygen inhibition of polymerization may play an important role in this
observation [20].

The results of this study showed increased hardness with increased
applied load, in other words, 100 gf of the indenter gives higher hardness
than that of 50 or 25 gf. This may be explained by the smaller the load
applied, the less indention produced by the indenter within the superior
oxygen inhibition layer. Previous study indicated that the hardness
number after using of 400 gf as an indenter load was significantly
greater than that of 200 gf. So, the load applied on the indenter has
significant effect on the measured hardness and it could affect the
accuracy of the results if it is not selected carefully [21]. Another study
concluded that the superficial layer of the cured composite exhibited
less degree of polymerization and reduced hardness less than that of the
intermediate layer [22].

Both materials used in this study, showed highly positive
correlation between the hardness and percent depth of cure. Previous
study concluded that the higher hardness of a light cured composite
resin is obtained slightly below the surface layer. This is due to high light
transmission, no oxygen inhibition layer was present and pronounced
heat built-up that occurs in this layer. Therefore, the results of this study
explained the higher hardness with the higher load. This was due to the
indenter with higher loads penetrate to the deeper layers in the used
composite resins to reach layers of higher hardness. Therefore, a greater
hardness values were measured with increased indenter loads than that
of lower indenter loads [23].

Condensable fill composite showed lower Vickers hardness than
incremental fill composite. The difference in the recorded hardness for
both materials depends on the differences in the organic matrix and
the filler content, type, size and shape [24]. The top surface hardness
was greater than bottom surface hardness due to monomer reactivity
and the refractive index mismatch between the filler and the resin
matrix [25]. A previous study concluded that the microhardness of the
condensable composite resin was higher than that of the nanofilled and
hybrid composite resins. This may be due to the increased depth of cure
of the condensable composite than the others. Good correlation was
found between depth of cure and microhardness of these composites
[26].
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Glacier composite resin was adequately polymerized when placed in
2 mm or 3 mm thickness (percent depth of cure above 80%). The percent
depth of cure of glacier indicated that, the material was adequately
polymerized at the surface and the deeper parts up to 3 mm thickness
under the lower and higher loads. SureFil composite resin adequately
polymerized when placed in 2 mm or 3 mm thickness (percent depth
of cure above 80%) under the higher loads. The percent depth of cure of
SureFil indicated that, the material was adequately polymerized at the
deeper parts up to 3 mm thickness to a greater extent than the surface
layer. Three millimeter thickness exhibited the highest depth of cure
for both materials to an even higher than that of 2 mm thickness. Both
materials showed highly positive correlation between the hardness and
the percent depth of cure.

Previous studies concluded that, condensable composite resin could
be cured up to 4 mm with surface hardness ratio exceeded 80% which
clinically acceptable. This ratio considered adequately cured composite
resin [27,28]. Despite manufacturers’ claims to the contrary, condensable
composites have not yet proven to be an answer to the general need
for highly wear-resistant, easily placed posterior resins with low curing
shrinkage and a depth of cure greater than 2 mm [7]. The top hardness
was higher than that of the bottom hardness particularly in deeper
thicknesses. It was concluded that, the hardness was increased by
increasing the applied load and decreased by increasing the thickness,
except that for 3mm thickness that appears harder than that of 2mm
thickness. 2 and 3mm thicknesses adequately polymerized than 4mm
and 5mm thicknesses. The percent depth of cure in 2mm and 3mm
thicknesses were more than 80%, while the other thicknesses showed
percent depth of cure less than 80%. Both materials showed highly
positive correlation between the hardness and percent depth of cure.

Clinical significance

Although, condensable composite resins can be polymerized up
to 5mm thicknesses but still showed decreased bottom hardness and
percent depth of cure when cured above 4 mm thickness.
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