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Antibacterial dental restorative materials: A review
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ABSTRACT: Purpose: To provide updated summary information about antibacterial dental materials, primarily covering
the literature from 2012 through 2017. Methods: A key-worded search was conducted of peer-reviewed literature
(Titles/Abstracts) indexed by PubMed databases, constrained to “English” and “dental” publications between the years
2012 and 2017. Key words applied to the search included: antimicrobial, antibacterial, primer, bonding agent, adhesive,
cement, composite, liner, sealant, etchant, and core-build-up. Titles and abstracts of the articles returned by the search
were reviewed and evaluated for appropriateness for inclusion in this review. Results: A variety of antibacterial agents
have been incorporated into experimental and commercial dental restorative materials to provide antibacterial activity in
dental applications. No new antibacterial compounds were introduced in this review period (2012-2017), since the last
review of period of 1980-2012. Antibacterial agents include leachable compounds (e.g. benzalkonium chloride,
chlorhexidine), polymerizable monomers (e.g. quaternary ammonium methacrylates), and filler particles (e.g. silver
nanoparticle). During the 2012-2017 review period, many antibacterial agents were tested in experimental formulations,
but only four agents (benzalkonium chloride, chlorhexidine, glutaraldehyde, and MDPB) were used in commercial
products. (Am J Dent 2018;31(Sp Is B):6B-12B).

CLINICAL SIGNIFICANCE: Leachable antibacterial agents are the most frequently used type of antibacterial dental
materials, but their efficacy may be short-lived due to their characteristic burst effect. Solid filler particles appear to be
effective antibacterial agents, especially given their ability to reduce biofilm formation, but the color stability of their
component metal particles is unfavorable for use in a commercial product. Polymerizable antibacterial agents (MDPB)
are theoretically a good choice of material because they are very effective at killing any residual bacteria in a cavity
preparation prior to polymerization, however, apart from their proven effect on reduction of biofilm formation, their
long-term clinical performance is still questionable.
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60193, USA. E-D<: Ichen@bisco.com

Introduction

For both patients and dentists, longevity is one of the most
important aspects of dental restorations. In the United States,
50-70% of all dental restorations placed every year are
replacements of failed restorations." The most common reason
for restoration failure is secondary caries,” which are mainly
caused by oral bacteria.’ In recent years, numerous research
studies have been conducted with the common goal of
developing antibacterial dental restorative materials to be used
to eradicate the cause of dental caries.* Two comprehensive
reviews on antibacterial dental materials were published in the
past two decades. The first such review was published in 2003
and focused on antibacterial features and their benefits in dental
bonding agents and resin composites." The second review
article covered the literature from 1980 to 2012, and focused on
the antibacterial effects of dental composites, cement, primers,
and adhesives.” This review article will provide updated
information about antibacterial dental materials, primarily
covering the literature from 2012 through 2017. The materials
discussed in the review will include those that have both direct
contact and no direct contact with tooth structures.

Material and Methods

A search of peer-reviewed literature (Titles/Abstracts)
indexed by PubMed databases was conducted and limited to the
“English” and “dental” publications between the years 2012
and 2017. Key words used included: antimicrobial, antibac-
terial, primer, bonding agent, adhesive, cement, composite,
liner, sealant, etchant, and core-build-up. Titles and abstracts of

Table 1. Antibacterial agents used in commercial and experimental dental
materials.

Materials Antibacterial agents used

Benzalkonium chloride,* chitosan, chlorhexidine,*
sodium hypochlorite (NaOCl), urushiol, and
titanium tetrafluoride (TiF}), glutaraldehyde,*
epigallocatechin-3-gallate, MDPB*, benzotriazol-
hydroxyphenyl-ethylmethacrylate, dimethylamino-
hexadecyl methacrylate, silver, copper iodide.
Cetrimide, cetylpyridinium chloride, chlorhexidine,
benzalkonium chloride, epigallocatechin-3-gallate,
propolis

Chlorhexidine, carolacton, octenidine dihydrochloride,
MDPB, dimethylaminohexadecyl methacrylate,
bioactive glass (BAG), silver, zinc oxide

Cleansers, etchants
& bonding agents

Cements

Resin composites

* Antibacterial agent has been used in commercial dental materials.

articles returned by the search were evaluated for relevance to
this review. Papers that were not directly relevant to anti-
bacterial dental restorative materials were excluded.

Results

The literature describes a variety of antibacterial agents that
have been incorporated into experimental and commercial
dental restorative materials to provide antibacterial activity
(Table 1).

Discussion
Antibacterial agents

An antibacterial agent is a chemical that interferes with the
growth and reproduction of bacteria, thereby eliminating the
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Table 2. Chemical structures of representative antibacterial agents.

Type of antibacterial agent Name and chemical structure
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Cetylpyridinium chloride
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Octenidine dihydrochloride
Polymerizable monomers
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12-methacryloyloxydodecypyridinium bromide
(MDPB)

Nano-silver (Ag); copper iodide (Cul); zinc oxide
(ZnO)

Filler particles

bacteria’s harmful effects. To improve the long-term outcome
of dental restorations, various antibacterial agents have been
added to experimental and commercial dental materials (Table
1). The antibacterial properties of these agents and their effects
on physical strength and long-term performance of dental
restorations have been investigated. Three types of antibacterial
agents have been used most commonly in dental materials,
including leachable agents, polymerizable agents that can
copolymerize with the resin matrix and thus not leach out, and
fillers that normally are not soluble in water (Table 2).

Leachable agents typically are water-soluble and therefore
can be released into the local area of a restoration under oral
conditions. The most frequently used leachable antibacterial
agents in dental materials are benzalkonium chloride (BAC)
and chlorhexidine.* BAC is a positively-charged quaternary
ammonium compound (QAC) described by the chemical
formula NR,', where R can be different alkyl groups. BAC is a
mixture of alkylbenzyl-dimethylammonium chlorides with
alkyl carbon chains of various lengths (carbon spacer n = 8§, 10,
12, 14, 16, 18). The antibacterial activity of BAC results from
its amphiphilicity as it bears both hydrophobic (long alkyl
carbon chain) and hydrophilic (cationic ammonium group)
regions.®* BAC’s hydrophilic cationic region destabilizes the
pathogen’s surface by interacting with negatively charged com-
ponents, which is followed by penetration of the hydrophobic
long alky group into the bacterial hydrophobic bilayer leading to
cell leakage and lysis. Like BAC, chlorhexidine also is a broad
spectrum antibacterial agent, effective against both Gram-
negative and Gram-positive microbes. However, some concerns
surround the carcinogenic impurity 4-chloroaniline that is present
in chlorhexidine. Octenidine dihydrochloride, free of 4-chloro-
aniline, is used as a substitute for chlorhexidine. Octenidine
dihydrochloride is a cationic surfactant derived from pyridine,
and normally is more effective than chlorhexidine.
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One of the disadvantages of leachable agents is their rapid
initial release of antibacterial agents (burst effect), which is
accompanied by a dramatic decrease in antimicrobial activity
over a short period of time. Polymerizable antibacterial agents,
on the other hand, are immobilized in the dental resin matrix by
copolymerization with dental resin monomers, which provides
antibacterial effects without the release of antibacterial
components and offers long-lasting antibacterial protection.* A
typical polymerizable antibacterial agent consists of a polymer-
izable group, an antibacterial functional group, and an alkyl
chain spacer between them. The polymerizable group is
normally a (meth)acrylate which is compatible with and can
copolymerize with most of the dental resin monomers in
current use. The antibacterial functional groups of poly-
merizable antibacterial agents normally contain cationic groups
such as quaternary ammonium, pyridinium or phosphonium.
The counter-anion of these cationic groups and the spacer
length of the associated alkyl chain may play an important role
in antibacterial activity.’

Antibacterial filler particles are normally metal, metal salts
or metal oxide. These are usually not water soluble, but a trace
amount of metal ions may be released, creating antibacterial
effects.” Silver has been used as a broad-spectrum antibacterial
agent for centuries,® and is still one of the most frequently used
antibacterial fillers for dental materials. Silver interacts with
thiol group compounds found in the bacterial cell wall,
resulting in the inhibition of the respiration process.®

Bonding agents

Dental bonding agents or adhesives are resin materials used
to bond dental restorations (resin composites, dental ceramics,
etc.) to tooth structures. Dental bonding agents have direct
contact with teeth, but are not exposed to the oral medium or to
saliva. As recurrent dental caries at resin-teeth interfaces is the
most common reason for restoration failure, investigation of
whether application of an antibacterial dental bonding agent
would help reduce recurrent caries and thereby improve longe-
vity of dental restorations is highly relevant. Dental bonding
agents normally contain volatile solvents, methacrylate and
dimethacrylate monomers, and acidic monomers. Some bond-
ing agents also contain fillers to enhance physical strength of
the adhesive, reduce sensitivity, and/or increase radiopacity.
Incorporated volatile solvents include water, acetone, and/or
ethanol, which not only make adhesives thinner, but also help
adhesives penetrate into hydrophilic dentin structures to im-
prove mechanical bond strength. Methacrylates and dimeth-
acrylates include BisGMA, UDMA, TEGDMA and HEMA,
which are used to improve the physical strength of adhesives.
Acidic monomers such as phosphate methacrylate and carboxy-
late methacrylates are used to promote adhesion between teeth
and restorations. Due to the presence of acidic monomers,
dental adhesives are normally acidic with pH ranging from 1-5.
Although regular dental adhesives without antibacterial agent
additives showed almost no antibacterial effect,4’9 dental
adhesives with low pH values produced antibacterial effects
against some bacteria, such as S. mutans, but not against acid-
tolerant bacteria such as Lactobacilli.'"" Notably, the high
acidity (low pH) of adhesives activates matrix metallopro-
teinases (MMPs), which cause adhesive bond degradation.®

Two different methods are used to achieve antibacterial
effects via dental bonding. One method involves pre-treatment
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Table 3. Methods used to achieve antibacterial dental bonding agents.

Method Antibacterial agents used

Pre-treatment of teeth
with antibacterial agents

Benzalkonium chloride, chlorhexidine, sodium
hypochlorite, urushiol, and titanium
tetrafluoride

Incorporation of leachable
antibacterial agents into
dental adhesives

Benzalkonium chloride, glutaraldehyde,
chlorhexidine, epigallocatechin-3-gallate

Incorporation of 12-methacryloyloxydodecypyridinium bromide
polymerizable antibacterial (MDPB), benzotriazol-hydroxyphenyl-

agents into dental ethylmethacrylate, dimethylaminohexadecyl
adhesives methacrylate

Incorporation of
antibacterial filler particles
into dental adhesives

Nano-silver, copper iodide

of tooth structures using antibacterial etchants or disinfectants
and the other method is to incorporate antibacterial agents
(leachable agent, polymerizable agent, or filler particle) into
dental adhesives (Table 3).

BAC and chlorhexidine are the most frequently used
antibacterial agents for pre-treatment of teeth. BAC is stable in
acidic media and has been added into commercial phosphoric
acid etchants to a final concentration of 1%. Examples of such
products include EtCH-37" w/BAC or UNI-ETCH" w/BAC,
which exhibited zone inhibitions of bacteria, without compro-
mising bond strength. In addition, BAC can also inhibit MMPs,
thus preserving the dentin-resin bonded interface.® Unlike
BAC, chlorhexidine is not stable in phosphoric acid and cannot
be added to etchants. Chlorhexidine digluconate (2%) has been
added to commercial dental disinfectants, such as Cavity
Cleanser.” Both in vivo and in vitro studies demonstrated that
Cavity Cleanser reduced microorganisms in contaminated
dentin.'” Pre-treatment of dentin with chlorhexidine maintained
resin-dentin bond strength for up to 14 months, while a control
group without chlorhexidine pre-treatment experienced signi-
ficant bond strength reduction in vivo;" the observed enhanced
stability was mainly due to inhibition of the degradation of
hybrid layers by chlorhexidine."* Some other agents added to
experimental products, including 6% sodium hypochlorite
(NaOCl), 0.01% urushiol, and 2.5% titanium tetrafluoride
(TiF,), also showed antibacterial capability in pre-treatment of
dentin, but studies'>'® suggested that higher bond strength was
obtained when the disinfectants were rinsed away.

Leachable agents have been incorporated into both comer-
cial and experimental dental adhesives. For instance, glutaral-
dehyde was incorporated into Gluma 2 Bond® and chlor-
hexidine was incorporated into Peak Universal Bond.® André et
al'” demonstrated that Gluma 2 Bond required at least 24 hours
for killing microorganisms, and that Peak Universal Bond
killed only strict anaerobic microorganisms after 24 hours.
Sabatini et al'® added BAC into All-Bond Universal® a
universal dental adhesive, to create experimental adhesives with
final BAC concentrations of 0.5%, 1%, and 2% (wt/ wt)."”
These BAC-containing adhesives delivered higher bond
strength than did the control after 1-year storage in artificial
saliva, probably because of their ability to inhibit MMPs." Du
et al”” reported that an experimental dental adhesive containing
0.02% epigallocatechin-3-gallate (EGCG) exhibited inhibitory
effect on the growth of S.mutans, and demonstrated higher
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bond strength than the control without EGCG after 6 months.
Some concerns persist regarding the “burst effect” of leachable
agents and more research is needed to investigate the long-term
performance of antibacterial adhesives containing leachable
agents.

In an attempt to overcome the disadvantage (burst effect) of
leachable agents, polymerizable antibacterial agents have been
incorporated into dental adhesives. Polymerizable agents are
immobilized in the resin matrix system upon polymerization,
presumably enabling long-lasting antibacterial effects.* One
such polymerizable agent is 12-methacryloyloxydodecypyri-
dinium bromide (MDPB), which has been incorporated into a
commercial dental adhesive (5% MDPB in Clearfil Protect
Bond” and used in clinical practice. One study”' showed that
Clearfil Protect Bond inhibited growth of S. mutans and L.
gasseri. In a 14-day in situ study, Pinto et al** reported that
Clearfil Protect Bond resulted in lower counts of total
Streptococci as well as S. mutans and smaller lesion depths than
did a non-MDPB containing adhesive for enamel and dentin
restorations, but Clearfil Protect Bond did not prevent
demineralization or bacteria growth.”” In contrast, Vasconcelos
et al” found no statistically significant difference between
Clearfil Protect Bond and a non-antibacterial dental adhesive
(All-Bond SE?) either in enamel demineralization or in dental
biofilm formation, suggesting that Clearfil Protect Bond was
unable to inhibit secondary caries in situ. Other studies** also
showed that the performance of Clearfil Protect Bond was
similar to that of other non-MDPB containing adhesives in
terms of caries formation, and that it did not inhibit secondary
caries in a simulated high caries challenge. Polymerizable
antibacterial agents such as MDPB are designed to immobilize
in the resin matrix, in hopes of producing long-lasting
antibacterial effects. However, Clearfil Protect Bond exerted
only a short-term antibacterial effect (for 7 days), and lost the
antibacterial activity after storage in phosphate-buffered saline
for 14 days,”*”” in direct contrast to the expectation of long-
lasting antibacterial effects of polymerizable agents. A possible
explanation for this is that immobilization/polymerization of
antibacterial agents reduces their antibacterial activity
substantially, and that the observed short-term antibacterial
effects were mainly a result of unpolymerized MDPB mono-
mers (a resin typically experiences 70-80% polymerization
conversion). The antibacterial effects disappeared after all
unpolymerized MDPB monomers had leached out.”’

Some other polymerizable antibacterial monomers have
been evaluated in experimental dental adhesives. For instance,
5%  2-[3-(2H-benzotriazol-2-YL)-4-hydroxyphenyl]  ethyl
methacrylate in a dental adhesive showed higher antibacterial
activity than did the negative control.”® A new antibacterial
monomer, dimethylaminohexadecyl methacrylate (carbon chain
length 16) was synthesized and added (5%) into a dental
adhesive. The experimental adhesive showed a great ability to
reduce biofilm accumulation and to decrease lactic acid
production without impairing bond strength.***

Some filler particles have been added to experimental
dental adhesives to improve their antibacterial activity. One of
the most frequently used antibacterial particles is nano-silver.
Studies®'”? have shown that the addition of 0.05% silver
nanoparticle (particle size 2.7 nm) into dental adhesives
significantly reduces biofilm viability, colony-forming unit
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(CFU) counts, and lactic acid production, without compro-
mising dentin bond strength. One of the biggest issues for silver
particles is color stability.* Antibacterial fillers that demonstrate
better color stability than silver also have been incorporated
into experimental dental adhesives. For example, the addition
of polyacrylic acid-modified copper iodide particles (1 mg/ml)
into adhesives reduced Streptococcus mutans viable cell counts
by 79-99% even after aging for 1 year in vitro and no signi-
ficant differences in bond strength or cytotoxicity were detected
between these experimental adhesives and their corresponding
controls."® Chitosan has long been known for its antimicrobial
activity and is also a promising additive in dental materials. A
recent study reported that total-etch adhesive systems supple-
mented with chitosan (at concentrations of 0.2% and 0.5%)
displayed similar inhibitory effects on S. mutans and L. casei as
a commercial conventional 2-step adhesive system (Adper
Single Bond 2°). The antimicrobial activity of chitosan may be
derived from a combination of factors including pH, metal
chelating capacity, and the positive charge of its gluco-samine
groups interacting with the negative charge of the bacteria cell
surface.***

Cements

Dental cements function in luting or adhesion of indirect
restorations with tooth structures, and can be classified as four
different types: (1) water-based acid-base cements, including
glass ionomer cement (GIC), resin-modified glass ionomer
cement (RM-GIC), and zinc phosphate cement; (2) oil-based
acid-based cements, such as zinc oxide eugenol and non-
eugenol zinc oxide; (3) self-adhesive resin cements; and (4)
non-self-adhesive resin cements. The first three types of
cements have direct contact with tooth structures whereas the
4th type has no direct contact with tooth structures and requires
the application of separate primers and/or adhesives.

Among the above four types of cements, zinc oxide-based
cements possess antibacterial properties without the addition of
a separate antibacterial agent’”> whereas the third and fourth
types of cements normally do not display antibacterial
activities. GIC and RM-GIC release fluoride for a long period,
but their antibacterial activity is usually low.***” Additives have
been included to enhance the antimicrobial activity of these
cements, and the physical properties of the resulting cements
have been studied. Propolis, a natural resinous substance
produced by honeybees, improved antimicrobial effects of GIC
but significantly decreased the compressive strength and
increased solubility of the cement”® Conventional luting
cements, such as zinc phosphate (ZP), zinc polycarboxylate
(PC), and GIC, containing 5% chlorhexidine diacetate/
cetrimide demonstrated long-lasting antibacterial effects for up
to 180 days despite reduced physical strength and increased
solubility of the cements.” Similarly, the addition of a paste of
chlorhexidine-hexametaphosphate into GIC exhibited a
sustained release of chlorhexidine for at least 14 months,
accompanied by compromised cement strength.*” Addition of
different antibacterial agents (1-2%), such as cetrimide, cetyl-
pyridinium chloride, chlorhexidine and BAC, to conventional
GIC also impaired the cement’s microhardness during 90-day
water storage.” Nonetheless, incorporation of a lower
concentration (0.5%) of chlorhexidine seemed to produce an
optimum favorable outcome as it increased  antibacterial
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Table 4. Methods used to produce antibacterial resin composite

Method Antibacterial agents used

Chlorhexidine, carolacton, octenidine
dihydrochloride

Incorporation of
leachable antibacterial
agents into composites

Incorporation of
polymerizable antibacterial
agents into composites

MDPB, dimethylaminohexadecyl methacrylate

Blending of antibacterial
filler particles with existing
composite fillers

Bioactive glass (BAG), silver, zinc oxide

activity without adversely affecting physical-mechanical pro-
perties.” Therefore, using low concentrations of additives
might be a promising approach for enhancing conventional
cements with antibacterial activity. For example, 0.1% epigallo-
catechin-3-gallate in GIC increased not only its antibacterial
activities, but also its flexural strength and surface hardness®
and GIC supplemented with a quaternary ammonium mono-
mer, DMADDM (dimethylaminododecyl methacrylate), even
at the high concentrations of 1.1% and 2.2%, showed improved
material performance and antibacterial properties.**

Unlike GIC, the physical strength of other types of cements
seemed to be less sensitive to additives. For example, the
incorporation of up to 4.5% doxycycline hyclate into RM-GIC
or the addition of 7.5% chlorhexidine diacetate to provisional
cements did not compromise their physical strength.**

Resin composites

Dental resin composites are used as restorative materials.
Resin composites are normally placed on top of dental
adhesives and usually are not in direct contact with caries or
tooth structures. Some dental composites are used for enamel
restorations and as such are exposed to the oral medium and to
saliva. Resin composites are composed mainly of inert
inorganic fillers and organic monomers. Unlike amalgam which
has antibacterial activities by virtue of releasing a trace amount
of metal ions, cured resin composites typically lack anti-
bacterial activity, resulting in bacterial adherence and plaque
accumulation on their surfaces.**”** The reason for the lack of
antibacterial activity exhibited by dental resin composites is
that the quantity of monomers and other components leached
out from composites is much lower than the minimum concen-
tration required for bacterial inhibition. The fillers used in
composites are normally inert silica fillers with no antibacterial
activity, as opposed to the metal-containing fillers described
above. To produce an antibacterial resin composite, an
antibacterial agent could be dissolved in the composite’s resin
monomers, or, if the antibacterial agent is not soluble in resin
monomers, could be blended with filler particles (Table 4).

Many leachable antibacterial agents have been incorporated
into experimental dental resin composites (Table 4).
Chlorhexidine, one of the most frequently used antibacterial
agents, was released faster in media of lower pH values due to
its higher solubility at lower pH.* Release rate also may be
influenced by hydrophilicity of resin. Composites with
hydrophilic resin tended to release chlorhexidine faster as
chlorhexidine-containing resin lost antibacterial activities after
storage in water for 2 weeks.™® To improve its long-term
release, chlorhexidine has been encapsulated using mesoporous
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silica nanoparticles, and composites containing encapsulated
chlorhexidine showed controlled release of chlorhexidine over
a long period of time.’' Due to concerns surrounding the
carcinogenic impurity 4-chloroaniline present in chlorhexidine,
octenidine dihydrochloride has been considered as an alter-
native to chlorhexidine. Addition of 3 wt% of octenidine
dihydrochloride into dental composites significantly reduced
biofilm formation.! Furthermore, carolacton was found to be a
more effective antibacterial agent than chlorhexidine and
triclosan when incorporated into resin composites. A small
amount of carolacton (0.002%,w/w) in experimental resin
composite reduced biofilm viability by up to 64% and reduced
CFUs by 98%, with no adverse effects on physical properties.
The anti-biofilm activity of carolacton-containing composite
was stable over a period of 42 days.”

Incorporation of a polymerizable antibacterial monomer
into a dental composite is another way to produce antibacterial
composites. After antibacterial monomers copolymerize with
resin composites, the antibacterial agents are not expected to
leach out from the composite matrix, presumably resulting in
long-lasting antibacterial effects via inhibition of bacterial
growth on the composite surface upon contact. Imazato et al®®
reported that MDPB-containing composites demonstrated
significant antibacterial effects even after 90 days of immersion
in water. Another antibacterial monomer, dimethylamino-
hexadecyl methacrylate, also was incorporated into experi-
mental dental composites and demonstrated good biofilm
inhibition.* One of the disadvantages of immobilization of
polymerizable agents is that these then can kill bacteria only
upon contact. In addition, the immobilization of antibacterial
agent limits their capacity for penetration into bacterial cell
membranes, which may reduce antibacterial functionality.

Blending of antibacterial particles into composites is one
more way to produce an antibacterial dental composite. Anti-
bacterial particles include polymer nanoparticles, bioactive
glass (BAG), and metal/metal oxide. Compared to leachable
antibacterial agents, polymeric antibacterial particles have
many advantages, including nonvolatility, chemically stability,
long-term activity, and non-permeability through skin.”>°
Incorporation of cross-linked quaternary ammonium poly-
ethylenimine nanoparticles into dental resin composites
induced antibacterial activity without affecting mechanical
properties.”>*® Bioactive glass (BAG) is known to possess
antibacterial properties due to its alkalinity and incorporation of
alkali-ion substituted calcium phosphate fillers into experi-
mental dental composites which resulted in a reduction of the
bacterial population by 25-70%.%” Khvostenko et al*® reported
that incorporation of 15% BAG into composites reduced
biofilm penetration into marginal gaps of simulated tooth
restorations and had no adverse effects on the physical
properties of the composite.” Addition of nano-silver particles
(0.5-1%) to composite resin significantly reduced bacterial
growth.”” However, nano-silver increased monomer elution
from composites® and silver has poor color stability due to
oxidation. Addition of zinc oxide (0-5%) into composite
significantly reduced bacterial growth without adversely
affecting physical strength, but also significantly lowered depth
of cure due to the opacity of zinc oxide.”

Antibacterial agents have been added to other experimental
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products, such as pit and fissure sealants, orthodontic materials,
and core build-up materials. Some commercial varnish products
that have short body contact duration also contain antibacterial
agents. For instance, EC 40 contains 35% chlorhexidine, and
Cervitec® and Cervitec Plus® contain 1% chlorhexidine plus 1%
thymol. An in vitro study showed that EC40 killed 100% of all
bacteria strains except for E. faecalis ATCC 29212 (98.78%
kill). Cervitec and Cervitec Plus showed antimicrobial activity
against all oral bacteria strains, but with lower efficacy (30-
40% kill). EC40 completely inhibited the formation of biofilm,
while Cervitec and Cervitec Plus achieved 76-92% of biofilm
reduction.” Recent research® suggests that the development of
secondary caries might be influenced by restorative materials.
However, other factors such as patient and clinic-related factors
also are very important determinants of secondary caries.

Conclusions

No new antibacterial compounds were introduced in the
period 2012-2017, since the previous review period of 1980-
2012. Antibacterial agents include leachable compounds (e.g.
BAC and chlorhexidine), polymerizable monomers (e.g. quar-
ternary ammonium methacrylates), and filler particles (e.g.
silver nanoparticle). Many antibacterial agents have been tested
in experimental formulations, but only four agents (BAC,
chlorhexidine, glutaraldehyde, and MDPB) are used in
commercial products currently. Leachable antibacterial agents
are most frequently used despite their potential short-lived
efficacy (a result of their characteristic burst effect). Solid filler
particles appear to be effective antibacterial agents, especially
in reducing biofilm formation, but the color stability of their
component metal particles is unfavorable for use in a
commercial product. Polymerizable antibacterial agents
(MDPB) are theoretically a good choice of material because
they are very effective at eliminating residual bacteria in a
cavity preparation prior to polymerization, however, apart from
their proven effect on reduction of biofilm formation, their
long-term clinical performance is still unknown.
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