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ABSTRACT- The aim of this study was to
investigate the influence of light emitting
diode (LED) laser with different irradiation
time on the mechanical properties of
conventional dental composite restoration.
Experimental composites were prepared from
rigid aromatic bisphenol A diglycidyl
dimethacrylate (Bis-GMA) as base monomer,
triethyleneglycoldim- ethacrylate
(TEGDMA) as diluent monomer at the ratio
(Wt/wt) 60/40, 3-methacryloxyprop-
yltrimethoxy silane (MPS) and
hydroxyapatite (HA) as filler. The initiation
system was based on the pair
camphorquinone (CQ)/N, N dimet- hyl amino
ethyl methacrylate (DMAEMA). The
rectangular specimens (25 mm x 5 mm x 2.5
mm) were moulded in a stainless steel mold
according to ISO standard 13586:2000. And
the polymerization times were varied from 20
- 80 sec. The experimental results showed the
best polymerization times (fracture toughness
test) was used 60 seconds. Dental composite
formulated with Bis-GMA: TEGMA and HA
as filler presented the best compromise
between different irradiation time.

Keywords: dental composite, light curing unit, Bis-GMA,
TEGDMA, mechanical properties.

L. INTRODUCTION

‘I 7 ISIBLE light
itMroduced

as a direct restorative material over 30 years ago.
Dental resin composites are used to replace missing
tooth structure and change the color and shape of the
teeth in order to improve esthetics [1]. Generally, a
dental resin composite is a mixture of silicate glass
particles within an acrylic monomer that is
polymerized during application [2]. Detail dental resin

curing resin composite was
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composites consist of four main components [1], [3],
which are an organic polymer matrix, inorganic filler
particles, coupling agent, and the initiator-accelerator
system [1], [4]. The highly viscous monomer (Bis-
GMA), has been widely used as an important dental
base monomer [5]. And low-viscosity monomers
(TEGDMA), used as diluents [6], [7]. Calcium
hydroxylapatite (HA) is a major inorganic component
of the hard tissue in the human body [8]. The most
common silane used in dental composites is 3-
methacrloxypropy- ltrimethoxysilane (y-MPS) which
is expected to bond chemically to the filler surface and
to copolymerize with the methacrylic polymer matrix
[9]-[11]. The most composites containing
photoinitiator is activated by light in the 450-470 nm
wave length, with 470 nm being the wavelength of
peak absorption for the most commonly used photo
initiator (CQ) [12]. Currently, three main types of
polymerization sources are available; quarts-tungsten
halogen (QTH) bulbs, plasma-arc lamps (PAC) and
light-emitting diodes (LED). The (LEDs) can have
wavelength peaks of around 470 nm [13]-[14], so
negating the need for filters. Furthermore, the thermal
emission of the (LED) light curing units is
significantly lower than that of (QTH) light curing
units [15]. (LCUS) with narrow emission spectra, such
as (PAC) or (LED) LCUs, are optimized for oral
biomaterials which contains the photoinitiator (CQ)
[16]. Some dental resin composite, however, contain
co-initiators [17], which absorb light at shorter
wavelengths than (CQ). (LEDs) have an expected
lifetime of several thousand hours (up to 10,000 h)
with little degradation of output [18], [19]. Their
markedly lower heat production is expected to enhance
their operational longevity [20]. Other than reduce the
temperature rise at the tooth surface during irradiation
[21]. It has been shown that the depth of cure [18],
hardness [22], and degree of polymerization [23],
achieved with (LED) LCUs can be at least as good as
with (QTH) LCUs. Generally, after improvements in
blue (LED) in 1995 semiconductor technology,
(LEDs) were proposed as a light source for the
polymerization of light cured resins [24], [25]. (LEDs)
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are solid-state light sources that change electrical
energy directly into a light [26]. Light curing
composite resins are now the most widely used dental
restorative. The major advantage of this activation
mode over the chemical one is the control the operator
has over the working time. In addition, a definite
amount of energy, which is defined as power
multiplied by polymerization time, is necessary to
obtain the optimal conversion rate of the dental
composite resin. This amount largely depends on the
dental resin composite shade, opacity, thickness,
photo-initiator, composition, increment size and
restoration’s configuration [27]-[30]. Although dental
resin composite extremely popular because its
aesthetic appeal, but an inherent disadvantage of light-
activated resin composites is the shrinkage
accompanying polymerization [31], [32]. Exposure
times for polymerization vary, depending on the type
of lamp, depth, shade, and type of the composite. For
typical (QTH) or (LED) lights, times may vary from
10 to 60 seconds for a restoration 2-mm thick. Curing

times with (PAC) lights are shorter, although
laboratory data suggest that some mechanical
properties decrease with shorter curing times.

Microfilled composites require longer exposure than
microhybrid dental resin composites because the small
filler particles scatter the light more. Darker shades or
more opaque composites require longer exposure times
(up to 60 seconds longer) than lighter shades or more
translucent composites [33].

Thus, the aim of the present study was to evaluate
the effect of different irradiation time on the
mechanical properties of conventional dental
composite restoration by LED laser.

IL. MATERIALS AND METHODS

The microscopic filler Hydroxyapatite (HA) was
purchased from (Fluka Company Frankfurt, Germany),
and added incrementally and used as reinforcement
filler. Silane coupling agent (y-MPS) 98% was
purchased from (Sigma-Aldrich Germany), and used
for the filler surface treatment. The main monomer
(Bis-GMA) was purchased from (Esschem, Essington,
PA, USA). The co-monomer (TEGDMA) was
purchased from (Sigma-Aldrich, Germany). They were
used as received without further purification. (CQ) was
used as a photosensitizer and was purchased from
(Sigma-Aldrich, Germany). (DMAEMA) was
purchased from (Sigma-Aldrich Germany).
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11I. FILLER MODIFICATION AND

CHARACTERIZATION

The coupling agent used to treat surface of filler was
(y-MPS) using a 70/30 % acetone-water mixed with 10
wt% (y-MPS) with respect to filler powder. The filler
powder was added to the liquid mixture (acetone —
water — silane), and mixed with a stirrer for 4h at 400
rpm, using a magnetic stirrer (model ST0707V2
Germany). Subsequently the mixture filtered and dried
in an oven at 110 C° for 24 h. This method was
previously described by E. Harper et al., [34]. The
treated filler and untreated filler were identified by
FTIR analyses. The filler was mixed with potassium
bromide (KBr) prior to compacting into thin pellets
with hydraulic press for three minutes. The pellets
were then inserted and analyzed in the Fourier
transformer infrared spectrometer (Perkin Elmer
spectrum one, USA).

Iv.

The resin  matrix  consisted of  (Bis-
GMA/TEGDMA) at 60/40 wt. % as matrix phase, was
mixed in a glass vessel. The vessel was immersed in
an ice bath to prevent heat induced polymerization
created by shear in the viscous system. Aluminum foil
was used as coverage to reduce light initiated
polymerization and the mixing was perfected in the
dark [35]. The initiator, (CQ) was added to the resin
matrix followed by the addition of (DMAEMA) as a
photo-reducing  agent [36]. Monomers and
photoinitiators were mixed until they dissolved. The
filler powder was then dispersed in the resin matrix
and hand-mixed.

PREPARATION OF COMPOSITE

V. FRACTURE TOUGHNESS TEST

Rectangular bar-shaped made from resin matrix
composite (2.5 mm X 5 mm x 25 mm), the specimens
were prepared in a stainless steel mould.
Unpolymerized material was applied to mould, which
was covered on both sides with a Mylar matrix strip
and rigid glass microscope slide. Light pressure on the
outer two slides was utilized to force excess material
out of the rectangular slots in the mould. The samples
were then cured by a light curing unit LED (3M ESPE
Elipar FreeLight2, St. Paul, MN) at 20, 40, 60 and 80
sec. increments on each side. The specimens were
removed from the mould and polished with 1000 grit
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silicon carbide paper. Fracture toughness K; was
calculated as the following equation [37], [38].

3pSa'’y )

2

Kic =
2tw

Where: Geometry correction factor (y)
y =193 - 3.07 (a/w) + 14.53 (a/w) 2 — 25.11 (a/w) 3
+25.8 (a/w) 4
P =load at peak (N), S =span length (mm),
a = notch length (mm), t=specimen thickness (mm),
w = specimen width (mm).

VI RESULTS

‘Figure 1°, shows the FTIR spectra of (HA)
particles before and after treated with the (y-MPS).
The presence of bands for the carboxyl group (~1720
cm’") indicates to a treated surface of filler [39]-[41].
And SiO group (~1300-1200 cm-1) indicates the
presence of the coupling agent on the surface of (HA)
as described by Wang and Bonfield [39].This finding
in this study is an agreement with previous reported
works [37], [38].
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‘Figure 1’, FTIR spectra of (A) untreated HA and (B) treated
HA

The results of fracture toughness test of composite
resin are presented in ‘Figure 2’, There were
significant differences between radiation time at 20s
and radiation time 40, 80s and there were no
significant differences between radiation time at 40s
and radiation time at 80 s, on the other hand, there
were significant differences between radiation time at
40 and 80s and radiation time at 60s. The radiation
time at 60s exhibited significantly higher fracture
toughness than that of the other radiation time.
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‘Figure 2°, Radiation time (A) 20,, (B) 40,, (C) 60, and (D)
80

VIL CONCLUSION

Filler treatment by silane coupling agent (y-MPS)
has moderately improved the mechanical properties of
dental resin composite material. This has been
attributed to a significant improvement in the filler-
matrix interaction. Improved bonding between the
filler and the matrix resin which was achieved by both
chemical adhesion and tight mechanical coupling leads
to better mechanical properties of the dental resin
composite. Dental resin composite-conventional filler
at radiation time 60s by (LED) produced significantly
higher fracture toughness than that of the other
radiation time.
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