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a  b  s  t  r  a  c  t

Objective. To evaluate the effect of combining camphorquinone (CQ) and diphenyl(2,4,6-

trimethylbenzoyl)phosphine oxide (TPO) on the color and curing profile of resin-based

composites.

Methods. Experimental composites were produced with different CQ and TPO molar con-

centrations: CQ-only, 3CQ:1TPO, 1CQ:1TPO, 1CQ:3TPO, and TPO-only. Polywave LED was

characterized using a beam profiler. Block-shaped samples (5 mm × 5 mm × 3 mm depth)

were cured in a custom-designed mold with a polywave LED positioned to compare the

regions exposed to the 420–495 nm and 380–420 nm LED emittances. To map  the cure pro-

file,  degree of conversion (DC) of longitudinal cross-sections from each block were evaluated

by  FT-NIR. Color, light-transmittance and light-absorption during curing were evaluated on

specimens 1–3 mm thick. Data were analyzed using ANOVA/Tukey’s test (  ̨ = 0.05;  ̌ = 0.2).

Results. Though the polywave LED beam profile was non-uniform, up to a depth of 2 mm

no  differences in DC were found among the composites containing CQ with TPO added

up  to 50%, regardless of the position under the curing tip. Composites with higher TPO

concentration showed a decrease in DC beginning with a depth of 1 mm,  while composites

with  higher or similar CQ concentrations did not show decreased DC until a depth of 3 mm.

Higher TPO concentration reduced initial yellowness and color change after curing; and

lower CQ concentration decreased light-absorption at greater depths.
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Significance. The combination of CQ with TPO added up to 50% reduced the yellowness and

color  change of composites after curing without affecting cure efficiency up to a depth of

2  mm.
© 2016 The Academy of Dental Materials. Published by Elsevier Ltd. All rights reserved.

1.  Introduction

It is suggested that the main requirement to ensure clinical
success of resin-based composites (RBCs) is the appropriate
light curing of the entire restoration [1]. Although this concept
is logical, light curing is a complex process that to be most
effective depends on the photoinitiators within the entire
restoration receiving sufficient radiant exposure at the correct
wavelengths [2]. The radiant exposure is defined as the total
irradiance (mW/cm2) that the material receives from the cur-
ing light over a certain time of light application (s) [3]. Thus,
ideal curing of a composite restoration depends on a cali-
brated and sufficiently powerful curing light being used during
a minimum specified time of exposure, and with a correct
light-delivery technique [4].

Most RBCs contains camphorquinone (CQ) as the con-
ventional photoinitiator system, which absorbs most effi-
ciently at approximately 460–470 nm;  but some RBCs may
contain alternative photoinitiators, such as diphenyl(2,4,6-
trimethylbenzoyl) phosphine oxide (TPO), that absorb light
most effectively within a lower wavelength range. These
photoinitiators are often included as a substitute for CQ in
commercial resin-based materials for esthetic restorations to
reduce the yellow coloration [6]. However, as the efficiency
of these molecules depends on their absorption of light in
a different wavelength range than CQ, newer polywave LED
curing lights that emit additional light at lower wavelengths
near the UV range (i.e. 380–420 nm)  may be more  optimal for
light curing than the original monowave units that emit pre-
dominantly in the blue wavelength range (i.e. 420–495 nm)
[7]. However, because the precise composition of commercial
materials is not always fully divulged and the instructions
for use are not always described in sufficient detail [5], it is
sometimes challenging to match materials with curing lights.
Further, the physical geometry of the individual LEDs within
the curing lights typically produce a non-uniform distribution
of emitted wavelengths across the surface of the light guide of
polywave LED units [8,9], and this may also affect the curing
efficiency of resin-based materials [10–12].

A correlation between the non-uniformity of emitted light
and the microhardness of RBCs up to 1.2 mm in thickness has
been demonstrated [10,12]; however, it is not clear that this
result will also be reflected throughout the entire depth of the
typical restoration [11]. Other factors, such as differences in
the refractive index between the resin matrix and the filler, can
influence the light distribution through RBCs [13,14], making it
difficult to predict the overall effect of the beam profile on the
curing profile of commercial RBCs containing different pho-
toinitiators. The effect of the non-uniform nature of the beam
profile of polywave LEDs on the curing profile of RBCs having
different photoinitiator systems has not been fully explored.

Thus, the aim of this study was to evaluate the influence
of two different photoinitiators having different wavelength
absorption ranges: CQ (with absorption range in the vis-
ible wavelengths at 420–495 nm,  i.e. blue spectral region),
TPO (with absorption range into the violet wavelengths at
380–420 nm)  and their combination (CQ and TPO), on light-
transmittance, light-absorption and curing profile of RBCs
exposed to a polywave unit. As the initial purpose of substi-
tuting the CQ with an alternative photoinitiator is to reduce
yellowing, this study also evaluated the color before and after
curing of the composites with the different photoinitiator sys-
tems. The tested hypotheses were that: (1) the non-uniform
light emitted from the polywave LED would affect the curing
profile of the RBCs and (2) the combination of CQ and TPO
in the formulation would increase depth of cure compared to
the TPO-only system and reduce yellowness and color change
compared to the CQ-only system.

2.  Materials  and  methods

2.1.  Experimental  resin-based  composites

Table 1 lists the monomers and filler particles and their
concentrations used in the experimental dental composites
[15]. The monomers were blended using a centrifugal mixing
device (SpeedMixer, DAC 150.1 FVZ-K, Hauschild Engineer-
ing, Hamm,  North Rhine-Westphalia, Germany). To this resin
blend, different molar concentrations of CQ-amine (1:1) [16,17]
and TPO were added (Table 2). Subsequently, the filler parti-
cles were added, first by pre-mixing the fumed silica filler with
the monomer blend for 30 s at 3000 rpm, followed by the bar-
ium borosilicate glass filler for 1 min  at 3500 rpm. Then, each
resin-based composite was mixed one final time for 1 min  at
3500 rpm under vacuum to eliminate porosities.

2.2.  Curing  light  characterization

The mean radiant exposure of the polywave LED (Valo
Cordless, Ultradent, South Jordan, UT, USA) was evaluated
during 10 s of application in the standard mode using a
portable spectrometer-based instrument (CheckMARC, Blue-
Light Analytics, Nova Scotia, Canada). The radiant exposure
at 380–420 nm,  420–495 nm and over the whole range of wave-
lengths was calculated by integrating the irradiance versus
wavelength curves obtained from a spectrometer (MARC Resin
Calibrator, BlueLight Analytics, Nova Scotia, Canada).

The beam profile of the polywave curing light was
characterized by BlueLight Analytics. The irradiance and
wavelengths of the emitted light distributed across the light
tip was measured at the emitting surface using a laser beam
analyzer (Model SP503U, Ophir-Spiricon, Logan, UT) attached
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