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Biofilm acids lead to secondary caries, which is a main reason
for dental restoration failures. Incorporation both protein-repellent
and antibacterial agents into dental composite resulted in a much
greater inhibition in biofilm activity. This new class of bioactive
dental composite with antibacterial and protein-repellent properties is
promising to prevent tooth decays and inhibit recurrent caries.

Dental caries is still prevalent, health and financial burden around
the world. Resin composites, because of their esthetics and direct-
filling ability, are increasingly popular in tooth cavity restorations.
However, previous studies have indicated that resin composites tend to
accumulate more biofilm (plaque) than other restoratives [1]. Biofilms
with acid production lead to secondary caries, which is a main reason
for restoration failures [2]. Hence, it is beneficial to synthesize a new
kind of anti-biofilm resin composites that can inhibit biofilm formation,
thus preventing secondary caries. Several effective approaches are being
investigated to develop a new generation of bioactive resin composites
with anti-biofilm properties.

An important approach develops antibacterial resin composites by
incorporating quaternary ammonium monomers (QAMs) in resins,
to inhibit biofilm activity and lactic acid production. For example,
12-methacryloyloxydodecylpyridinium bromide (MDPB) [3] and
methacryloxylethylcetyl dimethyl ammonium chloride (DMAE-CB)
[4] could copolymerize in resins to impart an antibacterial function.
Recently, a quaternary ammonium dimethacrylate (QADM) was added
into resin composite, which exhibited great anti-biofilm properties
[5,6]. The anti-biofilm mechanism of QAMs was reported to be that
quaternary ammonium can lead to bacteria lysis by binding to cell
membrane to cause cytoplasmic leakage [7]. When the bacterial cell
contacts the QAM resin, the electric balance of cell membrane could be
affected, leading to cell death [8]. Previous studies shown that the anti-
biofilm property of QAM:s increased when the alkyl chain length (CL)
was increased from 5 to 16, and then decreased when CL was further
increased to 18 [9,10]. A new dimethylaminohexadecyl methacrylate
(DMAHDM) with CL of 16 was recently shown to have the strongest
antibacterial activity among the QAM:s tested [10].

A second method imparts a protein-repellent activity to resins, to
repel proteins to the surface thus making it more difficult for bacteria to
adhere to the surface. After the composite is exposed in the oral cavity,
proteins are adsorbed onto its surface, which serve as a prerequisite for
bacteria attachment [11,12]. The adsorption of oral bacteria to the resin
composite is mediated by the adsorbed proteins [11,12]. Biofilm is the
source of infection with organic acids leading to caries. Accordingly, it
is desirable for the composite to be able to inhibit proteins and repel
bacteria attachment, thereby reducing biofilm formation and caries. It
was shown that most proteins were found to adsorb to hydrophobic
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surfaces [13]. In contrast, highly hydrophilic surface coatings using
2-methacryloyloxyethyl phosphorylcholine (MPC) are used to inhibit
protein adsorption and bacterial attachment [14]. MPC is one of the
most common hydrophilic bioactive polymers, which is a methacrylate
with a phospholipid polar group in the side chain [15,16]. Various
medical devices using MPC polymer have been synthesized and used
clinically [14]. Regarding the mechanism of protein-repellency, it was
reported that MPC is hydrophilic [15] and there is lots of free water but
no bound water in the hydrated MPC polymer [16]. The bound water
would lead to protein attachment [16,17]. In contrast, the free water
around the phosphorylcholine group could repel proteins effectively,
thereby inhibiting proteins [16,17]. Recently, MPC was added into
dental resins and bonding agents, achieving a great protein-repellent
property [18,19].

A third approach combines multiple bioactive agents for
synergistic effects. For example, MPC was combined with DMAHDM
to synthesize a resin composite with a combination of antibacterial and
protein-repellent abilities [20]. The novel MPC-DMAHDM containing
composite greatly inhibited protein adsorption and bacterial viability
without compromising the mechanical properties [20]. Combination
of MPC and DMAHDM achieved biofilm reduction efficacy that was
much stronger than that using MPC or DMAHDM alone [20]. The
reason for the synergistic effect of using MPC and DMAHDM together
is likely that the salivary protein coating on resin surfaces in vivo could
decrease the contact-inhibition efficacy of DMAHDM [21,22]. Hence,
because of the protein-repellent ability of MPC, the resin surface had
much less proteins and was more exposed with direct contact against
bacteria and biofilms, thereby increasing the contact-inhibition efficacy
of DMAHDM. Therefore, using dual agents of MPC and DMAHDM
synergistically may have wide applicability to other dental materials.
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