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Abstract
This review aimed to examine the evolution of the composite resins`s photoinitiator system, with emphasis on those developed in
recent years. This review covered literature from 1990 to 2013 and only papers with the key words of interest were included:
“coinitiators”, “amines”, “composite resins”, “photopolymerization”. The search used full-text papers from PubMed and Science
Direct databasis. It was included only English papers, and meeting abstracts and short communications were excluded. Hand search
of the references completed the review. A total of 29 articles were studied. Many coinitiators are being researched as an alternative
to traditional tertiary amines, particularly in order to improve the physical and mechanical properties of the final polymer and its
biocompatibility with oral tissues. Polymerizable amines, natural compounds, and coinitiators with low toxicity and antiseptic
properties were studied, and the results found they would be promising substitutes. These materials must present appropriate
concentration and reactivity to obtain adequate physical and mechanical properties and high biocompatibility. However, further in
vivo studies are required to verify the performance of these alternative coinitiators in the composite materials, mainly when in
contact with oral tissues and the stomatognathic system.

Key words: Resin composites, Photopolymerization, Coinitiators.

Introduction
The composite resins available on the market today are mostly
light-cured resins. So, photoinitiator molecules are included in
these materials which have the ability to absorb light, and as
result, generate free radicals which initiate the polymerization
of these resin materials [1].

The light curing systems most commonly employed in the
composites are the camphorquinone/amine system. The
photoinitiator is camphorquinone, which requires a coinitiator
to perform the polymerization process. Tertiary amines
(aliphatic or aromatic) do not absorb light, but interact with
the activated camphorquinone to produce reactive species
[2,3]. However, this photoinitiator system has some
disadvantages, such as the tendency to promote yellowing to
resin materials [4,5] low compatibility with oral tissues [6-8]
and even mutagenic characteristics [9].

It is well understood that factors such as type of
photoinitiator [10-12], photoinitiator/coinitiator ratio [13,14],
type and concentration of coinitiator [10,15] may influence
the properties of the resin materials. These properties range
from polymerization rate, degree of conversion, the shrinkage
stress, the (micro)hardness, aesthetic impairment and
biocompatibility of the materials.

For certain resinous systems, one way to reduce toxicity,
enhance color stability without compromising the physical
and mechanical properties of polymers with camphorquinone/
amine is to explore new substitutes already used on the market
[16-18]. These molecules must show high reactivity and high
degree of monomer conversion, since no reactive monomers
may diffuse out of the polymer matrix to the oral cavity [16].
Based on the aforementioned facts, the objective of this
review was to discuss the evolution of the coinitiators of

composite resins, focusing on their physico-chemical,
mechanical and biological characteristics.

Review
This review covered literature from 1990 to 2013 and only
papers with the key words of interest were included:
“coinitiators”, “amines”, “composite resins”,
“photopolymerization”. The search used full-text papers from
PubMed and Science Direct databasis. It was included only
English papers, and meeting abstracts and short
communications were excluded. Hand search of the references
completed the review.

The first composites materials commercially available were
based on Bisphenolglicidylmetacrilate (Bis-GMA) with
chemical polymerization, or selfcured resins. This reaction
was produced by mixing two pastes, one containing the
initiator and the other an activator product, benzoyl peroxide
and Dimethyl Paratoluidine (DMT), a tertiary amine,
respectively. However, the chemically cured resins had some
disadvantages: it is impossible to control working time, color
instability [19], high viscosity [20]. It did not take so far for
the photoactivated resins being widely used by dentists. The
first commercially available light-cured resin composite was
NuvaFil (Dentsply). Among its advantages over chemical
resins, some are listed: a single paste, which did not require
mixing and full control of working time by the operator, with
fast curing and start at the operator`s command [1,21], as well
as easy sculpture [21]. Briefly, the reaction of curing includes
three stages: 1) initiation: after the incidence of blue light
(wavelength 468 nm) on the composite resin,
Camphorquinone (CQ) enters the exciplex state, making it
able to react with the coinitiator (one electron transfer to the
amine). From this reaction free radicals, which show
reactivity to break the unsaturated carbon bonds of the
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monomer, through hydrogen abstraction, called the
propagation phase (2) are formed. These monomers are
connected to other monomers that have been broken, in a
chain reaction, forming the polymer. Finally, the termination
(3) occurs when the active two chain ends react together and
form an inactive macromolecule, ending the chain growth
[1,22,23].

Tertiary amines are commonly used as coinitiators because
they facilitate the formation of alpha-amino alkyl radicals and
due to its high reactivity at lower concentrations [24]. The
polymerization reaction of the composites depends not only
on the reactivity of the amines as coinitiator, but also the
molar absorption coefficient of the photoinitiator, which is the
ability of this molecule (usually CQ) to absorb photons of the
light unit and generate free radicals in its excitatory state [1].
The primary amines used in the photoactivated composites are
basically Dimethylaminoethylmetacrylate (DMAEMA) and
Ethyl-4-dimethylaminobenzoate (EDMAB).

Some disadvantages of aromatic tertiary amines may be
verified, as previously mentioned. Historically, Brauer et al.
analyzed 15 different types of aromatic tertiary amines on
chemically activated resins, and found that all these amines
showed color change in different degrees [24]. Schneider et al.
found that the concentration of the photoinitiator/coinitiator
system is responsible for a greater degree of yellowing of the
composite [5,10]. The biocompatibility of aromatic tertiary
amines is the most worrying feature of these components,
subject of many studies. Vasquez et al. studied the
biocompatibility (by intravenous injection in rats) of
alternative amines compared to DMT used for the
polymerization of bone cements: 4-Dimethylaminobenzyl
alcohol (DMOH) and 4-dimethyl-aminobenzylmethacrylate
(DMMO) [7]. Alternative coinitiators were shown three times
less toxic compared to DMT, and favorable mechanical
characteristics to bond cements. Liso et al. also found that in
terms of acute toxicity and cytotoxicity, both DMOH and
DMMO amines are less aggressive than DMT [6], and some
antiseptic characteristics, which was very interesting for
orthopedics and dentistry, as these materials keep in contact
with human tissues. Masuki et al. assessed the necrotic
potential of camphorquinone, benzoyl peroxide, DMT and
DMAEMA on human gingival fibroblasts and concluded that
the 4 components of resin materials exhibited a necrotic effect
[25].

Also, it was verified that Bis-GMA based-materials had no
complete conversion of the carbon double bonds and
polymerization shrinkage, the latter resulting in stress
development on tooth structure [26,27]. And these
characteristics were directly related to several factors, among
them the photoinitiator/coinitiator system, which may be:

1. With respect to the photoinitiator type: Schneider et al.
evaluated CQ [5], phenylpropanedione (PPD) and the
combination of CQ/PPD on degree of conversion (DC) and
the maximum degree of polymerization (MDP), verifying that
the PPD and the combination of CQ/PPD decreased this latter
property, which in turn is influenced by the power intensity
absorption, and the degree of conversion. Schneider et al.
evaluated the same groups of the previous study on
characteristics such as the shrinkage stress, DC, MDP and

cross-linking density [12]. They found that the combination of
CQ/PPD may be promising, since the developing stress was
decreased, without compromising the final properties of the
polymer. Leprince et al. compared Lucirin-TPO (TPO) and
CQ on the DC and depth of cure of composites [15], and
observed that the DC is higher for samples made of TPO,
while the depth of cure is higher for samples with CQ. Costa
Oliveira et al. also evaluated the polymerization stress in
experimental resins formulated with CQ, PPD or combination
of both, as well as two commercial resins (Filtek Z250 and
Filtek Silorane) finding that just silorane-based resin
decreased the effects of stress polymerization, thus decreasing
gap formation [11]. Cunha Brandt et al. assessed three types
of combinations of photoinitiators (CQ, PPD, CQ/PPD) on
various mechanical properties including compressive strength,
diametral strength, elastic modulus and DC [28]. It was found
that the photoinitiators behaved similarly, concerning the
properties analyzed.

2. Photoinitiator/coinitiator ratio: Schneider et al. evaluated
4 experimental resins with different CQ/EDMAB ratios (2:1,
1:1, 1:1.15, 1:2) on DC and MDP [12]. The higher the
EDMAB ratio, the greater is the the final properties of the
polymer. Musanje et al. evaluated 25 experimental conditions
to see which CQ/EDMAB ratio was ideal to have maximum
DC and minimal stress development [13]. They concluded
that there are several combinations of CQ/EDMAB which
generate an appropriate degree of polymerization of
composite resins, but to have a low degree of shrinkage stress,
QC/EDMAB should be decreased, which, in turn,
compromises properties such as DC and surface hardness of
the polymer.

3. The type and concentration of the coinitiator also has
great influence on the final properties of the polymer. Among
the innovations, new coinitiators, substitutes for conventional
DMT amines, DMAEMA and EDMAB, were developed:

A. 'Natural' Coinitiators (Benzodioxole BDO, sesamin and
its derivatives): Liu et al. evaluated BDO and
piperonylalcohol benzodioxole (PA) [29]. The properties
evaluated were: DC, modulus and glass transition
temperature, as well as sorption and solubility, which showed
excellent results. Thus, the authors concluded that BDO and
PA would be viable alternatives to conventional amines. Shi
and Nie evaluated BDO and compared it to EDMAB in
combination with CQ at different concentrations (0, 0.5, 1.0
and 2.0wt% of EDMAB and BDO, and 0, 0.2, 0.5, 0.8, and
1.0wt% of CQ) and a combination of both [16]. It was
evaluated the same properties as Liu et al. and found a similar
behavior to the resins formulated with EDMAB or BDO [29].
For the authors, the BDO is a promising alternative coinitiator
to conventional amines. Shi and Nie observed the potential of
3,4-methoxylmethacrylate methylenedioxybenzene
(MDBMM) as coinitiator, showing favorable results in terms
of DC and reactivity, comparable to control (DMAEMA)
[30]. This coinitiator presents benzodioxole and methacrylate
radicals, acting also like a photopolymerizable amine. Wang
et al. synthesized and characterized sesamin, and compared
some of its mechanical properties and cytotoxicity with
EDMAB [18]. The results showed that although DC of the
resin with sesamin were slightly lower than EDMAB samples,
the tendency to yellowing was lower and the values of
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sorption and solubility were similar, with satisfactory
biocompatibility. Shi synthesized and characterized three
derivatives of BDO (MDBMM; 3.4-methylenedioxybenzene
methoxylacetate -MDBMA; sesamolmethacrylate -SMA),
measuring their reactivity, mechanical properties and
cytotoxicity of Bis-GMA and TEGDMA polymers [31]. The
EDMAB and DMAEMA were used for comparison purposes.
The results showed that the derivatives of BDO demonstrated
high reactivity to generate free radicals and mechanical
properties comparable to controls, and also high
biocompatibility.

B. Polymerizable Amines: Nie and Bowman evaluated
NDMH (N’-dimethyl,-N’-di[methacryloxyethyl]-1,6-
hexanediamine) with two different functions: as a possible
substitute for the conventional coinitiator and as a substitute
for the diluent monomer TEGDMA [32]. It was performed the
synthesis and characterization of NDMH and tests of DC,
glass transition temperature, elastic modulus were made.
Sorption and solubility were also measured, and a
conventional curing system (Bis-GMA/TEGDMA/CQ/
EDAB) was examined as control. The concentration ranged
from 0.05 to 4wt% of NDMH in the experimental groups.
NDMH has been found to be a possible substitute to
conventional amine and diluent monomer, as similar physical
properties to control were found. Also, Wu and Nie evaluated
the two most common coinitiators (EDMAB and DMAEMA)
and an alternative one: DMPDA (N,N-dimethyl-N 'N'-di[2-
(methylacryloyl)ethoxycarbnylethyl] propyldiamine) in
concentrations ranging from 0 to 0.5wt% [33]. After
performing the synthesis and characterization of the
alternative coinitiator, the following properties were
evaluated: DC, modulus and glass transition temperature,
sorption and solubility. The results showed that resin blends
made of DMPDA in the concentration of 0.5wt% was the one
with the lowest DC and the lower final value of conversion of
carbon double bonds, lower than the commercially available
amines. Wu and Nie also synthesized and characterized the 3-
diethylamino-propionate methacrylate (EGDPM), comparing
it with EDMAB and DMAEMA coinitiators [17]. The
mechanical properties, sorption and solubility of the resin
samples were evaluated. The tests showed that despite groups
had similar values of sorption and solubility, DC and the rate
of polymerization of the resin made of EGDPM were lower
than the controls EDMAB and DMAEMA, even at
concentrations of 0.25 wt%.

C. Among the coinitiators studied, a tertiary amine,
developed by Vazquez et al. [7] DMOH, which is used in
bone cements, was evaluated by Schroeder et al. [14] with the
proposal to be an alternative coinitiator to resin-based Bis-
GMA and TEGDMA materials with CQ. DMAEMA was used
as control. The authors found high DC values, at lower
concentrations (less than 0.25%). In this study, the
effectiveness of CQ/DMOH, in terms of radical formation and
final monomer conversion was higher than that of CQ/
DMAEMA.

D. Barbituric Acid Derivatives: Münchow et al. [34] on the
premise that the EDMAB would be unstable in acidic
environments, evaluated TBA (1,3-Diethyl-2-thiobarbituric
acid) as possible coinitiator of an experimental adhesive. It
was evaluated the Kinetics of Polymerization (KP), DC and

the rate of polymerization. Six groups were made: Four of
TBA containing different concentrations (0.1, 0.5, 1, and 2
mol%), a free coinitiator sample and 1 mol% of EDMAB
(control). The results showed that DC increased as the
concentration of TBA was higher, and the group with 2 mol%
of TBA showed the best results of DC and reactivity, being
considered an efficient alternative coinitiator. Although this
experiment was conducted with an experimental adhesive, the
authors report it may be used with composite resins.

Discussion
The effectiveness of CQ/tertiary amine system clinically
affects important properties of the composite such as
polymerization rate, depth of cure and the final DC [31]. This
efficiency is related to the concentration and the structure of
the amine [17,35]. In almost all studies analyzed, the rate of
polymerization and DC increased as the concentrations of
coinitiators increased. However, besides the concentration, the
reactivity of the molecule also has great influence on the
properties of the final polymer. This reactivity is related to the
chemical structure of tertiary amines [4]. The reactivity
reflects on the formation of aminoalkyl radicals, which in turn
modulate the polymerization kinetics, especially in the early
stages of this reaction. Thus, the physical and mechanical
properties of the final polymer will be directly linked to the
type and concentration of the amine used in photoinitiator
system [31,35,36]. Is due to these characteristics the fact that
studies analyzing different concentrations of the same
coinitiator found better mechanical properties when there is an
increased concentration of them [10,33,34], and studies that
evaluated different coinitiators found that the one which
presented the best physical-mechanical properties of the final
polymer also showed higher reactivity [14,16,31,35].

Generally, tertiary amines are more reactive. Among the
tertiary amines, aromatic may generate more radicals than
aliphatic amines [37]. This fact was observed in other study,
which DMPDA - an aliphatic amine, showed the best results
in DC, modulus and glass transition temperature, sorption and
solubility, followed by DMAEMA (aliphatic, but lower
reactive than DMPDA). EDMAB (aromatic amine) showed
the lower results [33]. Also, the DMAEMA radical-containing
methacrylate, which acts as a photopolymerizable amine and
may increases DC values and consequently the physical-
mechanical properties of the polymer, even when used in
small quantities [35].

A review about the substances released by resin restorative
materials clearly demonstrated that molecules incorporated to
resin composites are able to cause toxic and genotoxic effects
in relevant concentrations in the oral cavity [38]. From these
studies, it was found that the main concern with amines is
actually their biocompatibility. In some studies, it was
suspected that they would be mutagenic [9]. Conventional
amines, with low molecular weight, do not polymerize and
spread to adjacent tissues and oral environment, and due to its
basic character, become damaging to tissue [4]. Some
alternatives have been proposed to reduce this diffusion to as
minimum as possible. One of them was to incorporate a
polimerizable amine, by adding a methacrylate radical
[17,32,33]. This copolymerization with the monomer through
the methacrylate group increases the biocompatibility of the
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final polymer, as increased DC values are obtained, which
leads to a reduced release of the material components in the
oral cavity [17]. Another alternative was the use of natural
coinitiators for resin composites, as the benzodioxole
derivatives and sesamin. In the analyzed studies, besides these
natural coinitiators present high reactivity at low
concentrations, appropriate physical and mechanical
properties were found [16,29-31]. Also, Wang et al. showed in
an in vitro study, low cytotoxicity of the natural derivatives
[18].

The inclusion of coinitiators used in orthopedic bone
cements was also verified for composites. Schroeder et al.
proved that DMOH was a promising alternative, due to its
higher reactivity compared to DMAEMA, even at low
concentrations [14]. This coinitiator also demonstrates highly
biocompatible and, in other studies that evaluated DMOH in
bone cements, its antiseptic and bactericidal properties were
clearly positive [6,7,39].

Based on what was raised by this review, the alternative is
to explore possible replacements for amines commonly used
in the composites, so that new coinitiators may be used in the
formulations of these materials. Their great evolutions have
spin around the development of materials with high
mechanical properties, and few industries are concerned to
develop resins with high biological properties [38]. The
coinitiators must not only exhibit high reactivity at low
concentrations to produce a final polymer with high physical
and mechanical properties as well as high biocompatibility.
Likewise these molecules must be capable to form highly
radicals to break the unsaturated carbon bonds of the
monomers and reaching high conversion, producing a
minimum amount of residual monomers, since they also have
potential cytotoxic effects to oral tissues.

Conclusions
It may be concluded that many alternative coinitiators have
been analyzed and most of these substances show promising
results. These coinitiators should present appropriate
concentration and reactivity to obtain adequate physical and
mechanical properties and high biocompatibility. However,
further in vivo studies are needed to verify the performance of
these alternative coinitiators in the composites, especially in
order to verify their interaction with oral tissues and in
function with stomatognathic system.
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