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ABSTRACT

Background: It has been observed that preheating dental composites prior to photo-curing

improves their handling characteristics and enhances their mechanical properties.

Aim: This study aimed to investigate the effect of three preheating temperatures on hardness,
flexural strength and depth of cure of Filtek™ Z250 XT Nano Hybrid and Filtek™ P60 Packable

composites.

Materials & Methods: a total of 90 composite specimens were prepared 30 for each
temperature and the samples were preheated at 24, 54 and 68 °C. Vickers microhardness, flexure
strength/modulus and depth of cure of preheated samples were recorded for both materials. For
each test, thirty specimens for each resin composite were prepared and randomly divided in 3
subgroups (10 for each) according to the preheating temperature. Statistical analysis was carried
out using One-Way ANOVA.

Results: Increasing the preheating temperature of Filtek™ Z250 XT Nano-hybrid and Filtek™
P60 packable composites significantly increased the Vickers microhardness number, flexure strength
and depth of cure. This effect was prominent particularly when the temperature increased from 24
to 54°C. Filtek™ P60 packable composites showed significantly higher Vickers microhardness
number, flexure strength/modulus and depth of cure than Filtek™ Z250 XT Nano-hybrid at the

tested preheating temperatures.

Conclusion: preheating improved the hardness, flexure properties and depth of cure of tested

composites.
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INTRODUCTION

Composite resins are widely used in dental
restorations as minimally invasive and esthetically
pleasing to the patient. Since their commercialization
in the 1960’s, there is an ongoing effort to improve
their clinical behavior by modifying the filler and
resin matrix used "2,

Highly filled Micro- and Nanohybrid resin
composites have been commonly used with long-
term success for load bearing applications. During
their placement, however, it is difficult to extrude
from compules or syringes. Furthermore, poor
adaptation to cavity walls and margin and voids
within the bulk of the material will therefore
be expected. To improve adaptation and reduce
microleakage associated with posterior resin
composite restorations, some authors have suggested
placing a layer of flowable composites underneath
the more highly filled material. However, due to
the higher resin content of flowable composite
materials, larger polymerization stress is anticipated
relative to standard resin composites !

It has been observed that preheating dental
composites prior to photo-curing improves their
handling characteristics and enhances their marginal
adaptation. Furthermore, preheating enhances both
radical and monomer mobility resulting in higher
degree of monomer conversion which in turn
improves the physical and mechanical properties
of dental composites > °. Calset warmer is one of
the most commonly used methods introduced to the
market to warm composite resin before placement
in the cavity . The manufacturer of this device
claims that increasing the temperature of the resin
before curing resulted in a significant decrease in
curing time (up to 80%) and increased the degree
of cure. Also, handling characteristics are said to
be improved, allowing the composite to perform
more like a flowable resin, while maintaining the
properties of the original composite ¥

One of the major drawbacks of composite resin is
the extent to which they cure which is proportional
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to the amount of light to which they are exposed.
Thus, they polymerize to a certain depth which
varies with the penetration of a light beam in the bulk
material. This extent of cure has been termed (depth
of cure) and has significant influence on mechanical
and biological properties of restorations °!. Micro-
hardness has been used to evaluate the mechanical
properties of restorative materials, and this property
correlates well with the degree of conversion of
resin composites 1%, Therefore, it has been used to
evaluate the degree of polymerization indirectly '?

Failure stress of a material is called flexural
strength and the stiffness of a material is called
flexural modulus as both measured in bending
131 Flexural strength is important for composite
designers because composite resins, especially
cavities under stress, are exposed to tension and
compression forces 14131,

This study aimed to investigate the effect of
preheating temperatures on Vickers micro-hardness,
flexure strength and flexural modulus as well as
depth of two types of resin composites.

MATERIALS & METHODS

Materials used in this study were: Filtek™ Z250
XT (Nano Hybrid, 3M ESPE, St Paul, MN, USA)
and Filtek™ P60 (Packable, 3M ESPE, St Paul,
MN, USA).

Specimen preparation: A total of 180 composite
resin specimens, 90 specimens for each resin
composite were prepared and randomly divided
in 3 subgroups (n=10) according to the preheating
temperature for each test as follow: Subgroup 1:
(control group) the composites were left in 24°
C for 24 hours, subgroup 2 = preheating at 54° C
and subgroup 3 = preheating at 68°C by (Calset
TM Ad Dent, Inc. Danbury, CT, USA) Which was
preset to 54 or 68 °C. Following preheating, the
specimens were cured with quartz-tungsten-halogen
light-curing unit (Elipar ™ 3M ESPE Grafenau,
Germany) for 20 s according to the manufacturer’s
instructions.
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TABLE (1) The materials classification and composition

Material Matrix composition Filler (vol%) / particle size Filler composition
. Bis-GMA, Bis-EMA, UDMA, . . .
Filtek™ 7250 XT . 60% /0.01-3.5 um Zirconia and silica
TEGDMA Comphorquinon
. Bis-GMA, Bis-EMA, UDMA, Aluminum  oxide,  silica,
Filtek™ P60 61%/0.01-3.5pm i i .
TEGDMA zirconium oxide

Vickers Microhardness

30 discs for each composite type, for each
temperature (n=10) were prepared using split Teflon
molds with dimensions 6mm in diameter and 2mm
in height. The resin composite was packed in the
split Teflon mold using Teflon coated plastic filling
instrument. A polyester strip was placed over the
material and a glass slab was placed over the mold
to obtain a flat surface. The glass slab was then
removed and the light cure was placed directly
onto the polyester strip touching it for 20 seconds
according to manufacturer instructions. After the
photo-activation, the samples were removed from
the Teflon molds and their surface was polished with
# 150, # 400, # 600, # 1200, and # 2000 grit water-
proof abrasive papers. Then, they were immersed
in distilled water at 37°C, and placed into a dark
container for 24 hours. 117!

Vickers micro-hardness test was performed
using Vickers micro-hardness indenter (ZwicRoell,
west Midlands, England) using a 100 gm load with
a dwell time of 15 seconds. Three readings were
recorded for the top surfaces of each specimen used
and the three indentations made by the square based
diamond indenter of angle 136, the mean value was
calculated for each specimen. Vickers hardness
number (VHN) was calculated by the following
equation "8 VHN: HV=1.854 P/d2

Where, HV was Vickers hardness in Kgf/mm?2,
P was the load applied in Kgf and d was the length
of the diagonals in mm and 1.854 was a constant
number.

Flexural Strength and flexural Modulus

For this test, flat bars of 25x 2 x 2 mm?® were
prepared using Teflon mold [19] Thirty specimens
of composite resin, subgroup (n=10) were used.
Following insertion and adaptation of the composite
resin, the surface of composite was covered with a
Mylar matrix to avoid oxygen inhibition layer. A
glass-slide was then placed on top of the Mylar strip
and held in place by finger pressure to exude excess
materials and render the surface flat. Samples were
then cured with three times of light exposures to
cure the entire length of specimen. After light
curing, all specimens were stored in distilled
water for 24h at 37 °C. A 3-point bending test was
conducted using the universal testing machine
(Instron 3600 series, USA) at a crosshead speed
0.5 mm/min. Prior to testing, samples dimensions
were measured using a micrometer accurate to 0.01
mm (Digimatic QuantuMike Micrometer; Mitutoyo
Corp., Kawasaki, Japan). The flexural strength was

computed from: S=3F1/2bd*> where:

S: Flexural strength , in MPa.

F: Maximum load before fracture, in Newton.

I: Distance between supports, 20 mm.

b:  Width of the specimen, 2 mm.

d: Thickness of the specimen, 2 mm.

from

Flexural modulus calculated

E= I’F/4bh3*d where:

E: Flexural modulus, in GPa.

was

I: Distance between supports, mm.
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F:  Maximum load before fracture, in Newton.
h: Hight of the specimen, mm.

d: the deflection, in mm

Depth of Cure

Depth of cure was tested according to ISO 4049
[19]. This method measures the height length of
the remaining set hardened material after scrapping
away the unset soft material. A stainless steel mold
of 8 mm long and 4 mm diameter was placed on a
glass slide covered by a Mylar strip (Hawe Stopstrip
Straight, KerrHawe, Bioggio, Switzerland).
The mold was then filled in bulk with_one of the
tested resin composites. The top side of the mold
was then covered with a second Mylar strip and
the resin material made flushed with the mold by
use of a second glass slide. Then the mold was
placed on a white filter paper (Filter Paper Circles
589/1,Schleicher & Schuell MicroScience GmbH,
Dassel, Germany). The second glass slide was
removed and the resin composite was light-cured for
either 20 s according to manufacturer instructions
keeping the light tip centered and in contact with
the second Mylar strip. After light-curing, the
cylindrical specimens were pushed out from the
mold and the uncured composite resin material
was removed with a plastic spatula. The absolute
length of the cylindrical specimens of cured resin
composite was then measured with a digital caliper
of £0.01 mm accuracy (Mitutoyo IP 65, Kawasaki,
Japan). Depth of cure is then calculated as 50% of
the remaining hardened specimen height.
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Statistical Analysis

One-Way ANOVA test was used to test the
significant difference between the groups. The t-test
was used to compare the mean of Filtek™ Z250 XT
and Filtek™ P60 at each preheating temperature.
This was carried out using IBM SPSS software
package version 20.0.

RESULTS

Vickers Micro-hardness

The mean and standard deviation of Vickers
micro-hardness numbers for each composite are
given in Table (2). As observed from Table 1, the
highest value for both types of composites was at
68°C however, the lowest one was at 24°C. The
mean value of Vickers micro-hardness increased
significantly ~with increasing the preheating
temperature from 24 to 54 °C. This finding was
observed for Nano-hybrid Z250 XT and Filtek™
P60 packable composites. Further increase in
temperature to 68°C produced no significant change
in Vickers micro-hardness number. Generally,
it has been observed that Filtek™ P60 showed
significantly higher hardness than Filtek™ Z250
XT at tested temperatures.

Flexure Strength

Table (3) shows the mean and standard deviation
of flexural strength of tested composite resins at
different preheating temperatures. As observed,
the highest value for both composite types was

TABLE (2): Mean = SD of Vickers Microhardness number (VHN) of composite samples subjected to

different preheating temperatures.

Materials 24°C 54°C 68 °C ANOVA P value
Filtek™ Z250 XT 49.3+1.14 4 51.1£0.64 B 522+0.86°" 13.768 0.001"
Filtek™ P60 78.14+0.56 * 84.34+1.08 B 85.34+1.018 89.876 0.001"
T test 50.54 58.61 5533

P value 0.001" 0.001" 0.001"

Different letters mean that there is significant difference in the same raw at P value < 0.001.
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at 68°C and the lowest value was at 24°C, there
is a significant increase in flexure strength with
increasing the preheating temperature. This finding
was observed for both Nano-hybrid Z250 XT and
Filtek™ P60 packable composites. Generally,
it has been observed that Filtek™ P60 showed
significantly higher flexure strength than Filtek™
7250 XT at tested temperatures.

Table 4 shows the mean and standard deviation
of flexural modulus of tested composite resins at
different preheating temperatures. As observed, the
highest value for both composite types was at 68°C
and the lowest value was for Filtek™ Z250 XT at
24°C however, that of the Filtek™ P60 was at 54°C,
the mean flexural modulus of Nano-hybrid Z250
XT and Filtek™ P60 was not significantly affected
by increasing the preheating temperature from 24
to 54 °C. The flexure modulus of both composites
were significantly increased by increasing the
temperature to 68 °C. Generally, it has been
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observed that Filtek™ P60 showed significantly
higher flexure modulus than Filtek™ Z250 XT at
tested temperatures.

Depth of Cure

Table 5 shows the mean and standard deviation
of depth of cure of the tested composite resins at
different preheating temperatures. As seen from
Table 4, the highest value for both composite types
was at 68°C and the lowest value was at 24°C,
the mean depth of cure of Nano-hybrid Z250 XT
composite was significantly increased by increasing
the temperature from 24 to 54 °C. Further increase
in temperature to 68 °C, however, produced no
significant change. For Filtek™ P60 packable
composite, there is a significant increase in depth
of cure with increasing the preheating temperature.
Generally, it has been observed that Filtek™ P60
showed significantly higher depth of cure than
Filtek™ Z250 XT at tested temperatures.

TABLE (3): Mean + SD of flexure strength (MPa) of composite samples subjected to different preheating

temperatures.
Materials 24°C 54°C 68 °C ANOVA P value
Filtek™ 7250 XT 114.21£2.9* 123.72+1.26° 132.85+1.1¢ 115.862 0.001"
Filtek™ P60 140.42+0.4084 141.58+0.7258 150.5+0.605¢ 429.857 0.001"
T test 19.97 27.04 31.37
P value 0.003" 0.002" 0.001"

Different letters mean that there is a significant difference in the same raw at P value < 0.05.

TABLE (4): Mean = SD of flexure modulus (MPa) of composite samples subjected to different preheating

temperatures.
Materials 24°C 54°C 68 °C ANOVA P value
Filtek™ Z250 XT 6.63+0.558" 6.18+0.162* 8.3+ 1.26° 9.609 0.03"
Filtek™ P60 9.63+0.8134 8.76 £ 1.124 10.88+0.655¢ 7.95 0.04"
T test 6.787 5.047 4212
P value 0.03" 0.04" 0.04"

Different letters mean that there is a significant difference in the same raw at P value < 0.05.
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TABLE (5): Mean + SD of depth of cure of composite samples (mm) subjected to different preheating

temperatures.
Materials 24°C 54°C 68 °C ANOVA P value
Filtek™ Z250 XT 2.12+0.286* 2.64+0.207° 2.64+0.207° 13.768 0.06"
Filtek™ P60 2.76+0.1674 3.134+0.115"8 3.57+0.097¢ 48.546 0.001"
T test 4315 4.656 9.076
P value 0.03" 0.02" 0.01"

Different letters mean that there is a significant difference in the same raw at P value =< 0.05.

DISCUSSION

The present study evaluated the effect of
preheating on microhardness, flexures properties,
and depth of cure of Filtek™ Z250 XT Nano-hybrid
and Filtek™ P60 packable composites.

As known, the packable composite was invented
with the new inter-locking particle technology that
relies on the use of a precisely engineered mixture
of different-sized filler particles. These particles
are 0.01-3.5 ym in size, about 61 vol% and made
of a patented fluoride-infused glass and when they
are packed together, the larger particles mechani-
cally interlock with the smaller particles leading to
improvement of the depth of cure and microhard-
ness 2,

In Nano-hybrid composites, colloidal silica
particles of approximately 40 nm diameter have been
used. Therefore, they have outstanding esthetics and
enhanced wear resistance. Nano-hybrid composites
may also show an enhanced fracture toughness and
adhesion to tooth structures. They also have high
durability and low polymerization shrinkage *!1.

Advantages of preheating the resin are to reduce
the viscosity and provide flow values of the highly
viscous composite resin to simulate that of those
of less filled flowable composite resins, without
affecting the mechanical properties. Also, heating
the resin prior to placement is accompanied with

increase in monomer conversion and polymeriza-
tion rate 12229,

Preheating could be done by using Calset
Composite Warmer: is the most popular, widely
reported in literature and effective device to
preheat dental composite resins #*#3, Therma-Flo™
composite warmer>!, Light of dental unit or Hand
holding as suggested in article by Myoung-Uk
Jin™®! Hot water bath >, Thermocycling apparatus,
Microwave oven or Hair dryer™!, Modified glass
are also

bead sterilizer™ and Wax warmer®”

another tools proposed for preheating.

In this study, resin composites were preheated
by Calset Composite Warmer and maintained in the
device for 5 minutes so as to accomplish the most
extreme preset temperature. Preheating at 24°C
was chosen because this temperature represents the
typical dental office temperature; it was observed
that, by placing composite resin preheated to
54.5°C, the temperature rise of pulp tissue was only
2.4 +0.3°C. Such a temperature rise would suggest
that the composite could be inserted with relative
safetyB!l. And 68°C represents the maximum
temperature can be tolerated.

Regardless of the resin composite material used,
Vickers micro-hardness number, flexure properties
and depth of cure were significantly improved with
increasing the preheating temperatures particularly




EFFECT OF PRE-HEATING ON HARDNESS, FLEXURAL PROPERTIES AND DEPTH

from 24 to 54 °C.Ithas been observed in other studies
that increasing the preheating temperature reduces
the viscosity of composite resins; the enhanced
mobility of both monomer and polymer at high
temperatures could delay the vitrification process.
An enhanced degree of monomer conversion and
cross-linking will be expected with preheated resin
composites. This could explain the increase in
Vicker microhardness number, flexure properties
and depth of cure observed with increasing the
preheating temperature #2331,

These results agreed with previous researches
done by Dionysopoulos et al.,**! Theodoridis et
al.,’ who concluded that preheating composite res-
in to 55°C significantly increased the micro-hard-
ness of composite resin. Also, agreed with Ayub et
al., "8 who resulted in preheating composite resin
enhanced the degree of conversion. Increasing the
temperature reduces the viscosity, raises the liquid-
ity, enhances free radical mobility, and increases
collision frequency between the active group and
free radicals. As a result, the degree of conver-
sion improves, and this evidence is expressed by
the increased microhardness of the composite
materiall®®l,

The flexural strength results of the present
study agreed with these of Kramer et al.,®" and
Sharafeddin et al., ¥ who reported significantly
higher flexural strength values after preheating of
tested composite resin compared to non-preheated
control group. However, they are disagreed with
the research work by Frées-Salgado et al., % and
Uctasli et al., 9 that showed that no statistically
significant improving effect due to preheating of
resin composites.

As regard to depth of cure for the tested
composite resin materials it was found that, there is a
significant increase in depth of cure with increasing
the preheating temperature that could be explained
as preheating decreases the viscosity of the resin
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composites *!! this together with, in the tested Filtek
resin composite, the fillers are a combination of a
non-agglomerated /non-aggregated silica filler,
zirconia filler, and a ytterbium trifluoride filler 4243,
Moreover, it was formulated with aromatic resins,
which allowed the refractive index to more closely
match the filler so the light would not scattered, and
successfully transmitted through the material that

increased the material’s depth of cure 4.

Generally, it has been observed that Filtek™
P60 (packable type) showed significantly higher
depth of cure than Filtek™ Z250 XT (nanohybride
type) at tested temperatures. This may be attributed
to the interlocking particle technology used in
the fabrication of the packable composite, where
elongated fibrous filler particles of about 100 micron
in length, and/or textured surfaces tend to interlock
and resist flow. Rough surfaces, blends of fibrous and
particulate fillers produce a packable consistency
and enable physical and mechanical properties to be
optimized for clinical performance **!. Our results
are agreed with Carlos et al., “'who concluded that
increasing the temperature significantly increase
the depth of cure. As preheating resin composites
with a commercially available (Calset) composite
warmer increase the monomer conversion rate and
increases the depth of cure and hardness of the
tested composites.

CONCLUSION

Increasing the preheating temperature of Filtek™
7250 XT Nano-hybrid and Filtek™ P60 packable
composites significantly increased the Vickers
microhardness number, flexure properties and depth
of cure. This effect was prominent particularly when
the temperature increased from 24 to 45°C. Filtek™
P60 packable composites showed significantly
higher Vickers microhardness value, flexure
properties and depth of cure than Filtek™ Z250 XT
Nano-hybrid at the tested preheating temperatures.
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