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Objeticve. The aim of this study was to develop a composite material with antibacterial activ-

ity  using MMT loaded with clorhexidine (CHX). For that it was used a BisGMA/TEGDMA

matrix and added low concentration of MMT/CHX. The aim was to evaluate the drug release

capacity of MMT, and not to provide reinforcement.

Methods. Six experimental composites were made with organic matrix of BisGMA/TEGDMA

in  equal proportions by weight. The composites received organophlizated montmorillonite

with or without CHX. The concentrations were 2,5; 5 or 10% by weight. Degree of conversion

(DC)  was evaluated using FTIR (peak 6165 cm-1; n = 5). Specimens for flexural properties

(10×2×1  mm) were immediate tested (24h). Elastic modulus(E) and flexural strength (FS)

was  measured using the three point bending test (n = 10). Inibition halo was  used to test the

antibacterial activity against Staphylococcus aureus, Streptococcus mutans,  and Porphyromonas

gingivalis (n = 5 for each bacteria). The inhibition of biofilm formation (BF) was evaluated by

inserting polymerized disc of composite in to a culture media colonized with Streptococcus

mutans (n = 10). The release of CHX was measured using ultraviolet (255 nm) for 10 days

(n  = 5). The data of degree of conversion was analysed using Kruskal–Wallis/ Mann–Whitney,

and the other variables using two-way ANOVA/Tukey, always considering a global level of

significance of 5%.
Results. DC ranged from 71% to 74%. E ranged from 5.7 to 8.1 GPa. FS ranged from 61.4 to

74.7 MPa. There were no statistical differences among the groups for all the variables. For

the  three bacteria tested the composites with CHX loaded presented inhibition of growth

for  all concentration, except for 2,5% that did not inihibited the growth of P. gingivalis. BF
was  lower for the groups with 10% MMT/CHX, all groups presented BF, even those without

CHX  loaded. All concentrations presented release off CHX during all the 28 days analyzed.
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Conclusions. Within the limitation of this study it can be concluded that: all concentrations

tested presented release of CHX and reduced BF. All concentration presented antibacte-

rial  activity for the three bacteria tested, except for 2,5% that did not inhibit the growth

of  P. gingivalis. The presence of MMT with CHX loaded did not interfere in the properties

evaluated.
©  2019 The Academy of Dental Materials. Published by Elsevier Inc. All rights reserved.
1.  Introduction

Dimetacrylate-based compositematerials have been used in
dentistry for several decades [1]. Even with the huge improve-
ment of those materials, secondary caries remains a problem,
representing the main cause of restoration failure [2–5]. On the
other hand, in amalgam restorations the interface is sealed by
corrosion products such as tin, silver and copper oxides. Sil-
ver is a well-known antibacterial agent [6,7] likely to contribute
for the low incidence of interfacial caries in amalgam restora-
tions. Unfortunately, the demand for aesthetics as well as
environmental concerns regarding the use of mercury are driv-
ing silver amalgam into obsolescence. Thus, in order to reduce
the risk of secondary caries around composite restorations,
the development of tooth-colored materials with antibacterial
activity is necessary [3].

The literature presents some interesting alternatives to
develop an antibacterial composite, two of them are more
frequently reported: (1) composite containing non-releasing
antibacterial agents such as monomers modified by quater-
nary ammonium [8,9]; and (2) composites containing releasing
antibacterial agents such as fluorides, silver and chlorhexi-
dine [10,11]. All those alternatives present high effectiveness
in killing bacteria in both planktonic and biolfim form, but
some studies do not explore the mechanical properties, or
report a decrease in those properties.

Chlorhexidine is an organic antibacterial agent widely used
in dentistry for the treatment and prevention of bacterial
infections which presents low toxicity to soft tissues. It has
been considered the gold standard in combating plaque and
gingivitis in for the past decades [12]. Even thought is widely
used, chlorhexidine may cause mitochondrial injury reduc-
ing cell viability [13] and this injury is time and concentration
dependent [13,14]. Currently, chlorhexidine is used in low con-
centration solutions such as for mouthwashes. In order to be
released into the tooth/restoration interfacial gap chlorhexi-
dine must be incorporated in the resin-based composite and
released through diffusion. One possible strategy is to use
a ceramic material as carrier. Montmorillonite (MMT) is a
nanoclay used as a pharmaceutical excipient for controlled
drug release due to its capacity to absorb organic molecules
[12,15–17]. Recently, it was found that the chlorhexidine-
loaded MMT  (CHX/MMT) presents a significant antibacterial
effect. [12] MMT  particles may also reinforce polymeric mate-
rials such as dimethacrylate-based dental resins [18,19]. Also,

the association of MMT/CHX can significantly reduce the
chlorhexidine cytotoxicity to human fibroblasts [20].

Thereby, the aim of this study was to develop a compos-
ite material with antibacterial activity using CHX/MMT. The
CHX/MMT particles were characterized and incorporated into
a resin matrix at different filler fractions. The null hypotheses
tested were (1) the addition of CHX/MMT does not interfere
with the composite mechanical properties and; (2) No increase
in composite antibacterial activity.

2.  Materials  and  methods

2.1.  CHX/MMT  particles

Organophlizated MMT particles (Cloisite 30B, Southern Clay
Products, Texas, USA) were dispersed in a 10% chlorhexidine
diacetate monohydrate (w/v) aqueous solution using a 10: 1
ratio (w/w). The mixture was kept under constant stirring for
3 hours at 80 ◦C. The precipitate was filtered, rinsed with water
and lyophilized.

The fraction of CHX added into the particles was
determined by thermogravimetry analysis. The thermal
decomposition profile of MMT particles, CHX and the mix-
ture MMT/CHX were evaluated by thermogravimetry analysis
(TGA/SDT851, Mettler Toledo, Berlim, GER) using temperatures
ranging from 40 to 800 ◦C, at the heating rate of 10 ◦C min−1 in
dynamic N2 atmosphere.

The type of interaction between MMT particles and CHX
was evaluated by XRD analysis. The interlamellar spacing
“d001” characteristic peak for the nanoclay MMT  Cloisite

®
30B

was “d001” = 1.81 nm.  XRD diffratograms were obtained using a
difractometer (X’Pert PRO with X’Celerator detector PAN ana-
lytical brand Rigaku D, Company, Coutry) with Cu K� radiation
(� = 1.54186 A, 45 kV, 40 A) at room temperature. The diffrac-
tion was scanned from 1.17◦ to 40◦ in 2� range with 0.03◦ step
at step/time 100 s. The interlamellar spacing was calculated
according to Bragg’s equation [21].

n � = 2dhklsin� (1)

where n is an integer, � is the incident wavelength, d is the
spacing between the planes of same (hkl) (Miller index) in the
crystal lattice, and � is the angle between the incident ray and
the crystal plane.

The particles were also evaluated by scanning electron
microscopy (SEM) and the particle size distribution was
determined by laser scattering using isopropyl alcohol as dis-
persant.
2.2.  Composite  preparation

Six experimental composites were manufactured with
the organic phase consisting of BisGMA (Bisphenol A

https://doi.org/10.1016/j.dental.2019.03.004
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is(2-hydroxy-3-methacryloxypropyl)Ether, Esstech, Essing-
on, Pennsylvania, USA) and TEGDMA (Triethyleneglycol
imethacrylate, Esstech, Essington, Pennsylvania, USA) in
qual proportions by mass. MMT  particles, in presence
r absence of chlorhexidine were added to the resin to
each concentrations of 2.5, 5 or 10% (w/w). The pho-
oinitiator system consisted of a tertiary amine (DMAEMA
2-(Dimethylamino) ethyl methacrylate), 98%, Sigma-Aldrich
hemie, GmbH, Steinheim, GER) at a concentration of 1% and
amphorquinone 0.8% (w/w) (camphorquinone 97%, Sigma-
ldrich Chemie, GmbH, Steinheim, GER).

.3.  Biomaterial  characterization

he degree of conversion was determined in a near infrared
pectrophotometer with Fourier transform (FT-IR; Vertex 70,
ruker Optik GmbH, Germany) [22]. The specimens (n = 5) were
ade using a 7.0 mm diameter and 1.0 mm thick between two

lass slides silicone mold. After insertion of the composite,
he assembly was positioned in the FTIR sample holder and
pectra were recorded before and 10 min  after photopolymer-
zation using 18 J/cm2 (720 mW/cm2 for 25 s; Radii-cal LED light
uring, SDI Dental Limited, AUS). The area under the peak
165 cm−1 corresponding to vinyl bond, was calculated. The
egree of conversion was calculated considering the spectrum
rea of the polymerized and uncured material according to the
ollowing equation:

C =
(

1 − Polymerized

Not polymerized

)
. 100 (2)

For each composite, 10 bar-shaped specimens were made
sing a split steel mold (10 × 2 × 1 mm)  [23]. Photoactiva-
ion was performed using a radiant exposure of 18 J/cm2.
he specimens were dry stored at 37 ◦C for 24 h. The three-
oint bending test was performed using an universal testing
achine (Instron 5565, Canton, MA,  USA) with 8 mm dis-

ance between supports and cross-head speed of 0.5 mm/min.
lexural modulus was calculated according to the following
ormula:

 = C × L3

4 × b × h3 × d
×  10−3 (3)

here: E is the flexural modulus (GPa), C is the load recorded
N), L is the span between the supports (mm),  b is the width of
he specimen (mm),  h is the height of the specimen (mm)  and

 is the deflection corresponding to C (mm).
Flexural strength was calculated according to the following

ormula:

 = 3 × F × L

2 × b × h2
(4)

here: � is the flexural strength (MPa), F is the maximum
oad recorded before the specimen fractured (N), L is the span
etween the supports (mm),  b is the width of the specimen

mm),  and h is the height of the specimen (mm).

Composite samples with 60 nm thickness slices were

btained using a ultramicrotome and placed on 200 cooper
esh TEM grids for transmission electron microscopy analysis

n a electron microscope (JEOL -JEM 1010, GmbH, GER).
( 2 0 1 9 ) 909–918 911

Disc shaped specimens of 5 mm diameter and 1 mm high
were made only for the composites with CHX/MMT  (n = 5).
Specimen photopolimerization was performed as above men-
tioned. The initial mass of the speciments was registered prior
to immersion in 5 mL  of 50 mM phosphate buffered saline
solution (pH 7) at 37 ◦C. Aliquots of 200 �l of the upernatant
were collected for a 28 days period. Chlorhexidine was quan-
tified by UV spectrophotometry at the wavelength of 255 nm
(Spectramax i3x Molecular Devices, California, USA). At the
end of the experiment the specimens were re-weighted.

2.4.  Antibacterial  activity  assessment

Antibacterial activity was evaluated by two methods: agar
dilution method and biofilm formation. Agar dilution method
was chosen to test the antimicrobial effect on planktonic
growth while biofilm test was carried out to test whether the
composite could inhibit bacterial adhesion and/or biofilm for-
mation. Disc-shaped specimens of 7 mm diameter and 1 mm
thickness were made for each composite (n = 15) and pho-
topolimerized as described above.

Porphyromonas gingivalis W83, Streptococcus mutans UA159
and Staphylococcus aureus ATCC 29213 were tested in the agar
dilution method while S. mutans UA159 was used for the
biofilm test.

P. gingivalis W83  was cultured in Tryptic soy agar (Difco Co.,
Detroit, MI, USA) supplemented with 0.2% yeast extract (Difco),
7% defibrinated sheep blood (TSYA – tryptic soy yeast agar),
5 �g/mL of hemin (Sigma) and 1 �g/mL of menadione (Sigma)
under anaerobic conditions (10% CO2, 10% H2 and 80% N2)
at 37 ◦C. S. mutans and S. aureus were cultured in Tryptic Soy
agar (TSA – Difco), at 5% CO2 and under aerobic conditions,
respectively.

The agar dilution method was conducted according to Clin-
ical Standard Laboratory Institute M2-A8 protocol with some
modifications (CLSI, 2003 [24]). For S. mutans and P. gingivalis a
period of 48 h of incubation under anaerobic conditions was
used for bacteria growth, while S. aureus was incubated for
24 h aerobically. 3 to 4 colonies were picked from 24 to 48 h
agar cultures of P. gingivalis, S. mutans and S. aureus and sus-
pended in TSB tubes for preparation of the bacterial inoculum.
The inoculum was adjusted to 0.1 by means of optical density
at 660 nm (approximately 1 a 2 × 108 CFU/mL) on a spectropho-
tometer. The bacterial suspension was inoculated all over the
agar surface using a sterile swab. TSA was used for S. aureus
and S. mutans, while TSYA was used for P. gingivalis growth.
Discs specimens (five per bacterial species) were positioned
over the agar and the plates were incubated under appropri-
ate conditions for 48 h. After this period, inhibition zones were
measured using a calliper rule.

The biofilm assay also evaluated was adapted from pre-
viously described methods [25,26]. For bacterial inoculum
preparation, a culture of S. mutans in BHI with 1% glucose was
grown for 18 h at 5% CO2 at 37 ◦C [27]. From this culture, 1 mL
was transferred to a new tube containing 9 mL  of BHI with
1% glucose and incubated in CO2 5% until growth reached

0.7 (660 nm). Twelve microliters of this inoculum were trans-
ferred to each well containing 3 mL  of BHI with 1% sucrose.
Discs were vertically positioned inside each well of the 24-
well polystyrene plates. These plates were then incubated at

https://doi.org/10.1016/j.dental.2019.03.004
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CO2 5% and 37 ◦C. After 24 h the discs were removed from the
wells, gently washed two times with sterile NaCl 0.9% aqueous
solution and then placed on tubes containing 5 mL  of saline
solution.

The biofilm was dispersed by vortexing for 1 min  followed
by sonication with 5% amplitude and 6 pulses (9.9 s each pulse
and a 5-s interval) on a Vibra Cell 400 w (Sonics and Materials
Inc, Newtown, CT, USA). Biofilm suspensions were plated on
BHI agar and incubated at 37 ◦C during 48 h in microaerophilic
condition. After the incubation period the colony-forming
units were quantified.

2.5.  Statistical  analyses

Degree of conversion was analyzed using
Kruskall–Wallis/Mann–Whitney tests. Flexural modulus,
flexural strength, CHX release, biofilm and agar dilution
methods were evaluated by ANOVA/Tukey test. For all tests,
the significance level of 5% was considered.

3.  Results

3.1.  Thermogravimetry  analysis  (TGA)

Fig. 1 showed the decomposition profile of MMT  nanoparticle,
CHX and CHX/MMT mixture. MMT  nanoparticle showed three
mass loss events, first event occurred in the range between
50 ◦C and 120 ◦C, second event ranging between 280 ◦C and
390 ◦C and third event observed between 500 ◦C and 670 ◦C.
CHX also showed three mass loss events, but at different tem-
perature ranges, the first between 50 ◦C and 200 ◦C, second
event between 200 ◦C and 275 ◦C, and the third between 275 ◦C
and 500 ◦C.
The MMT/CHX degradation curve presented two mass loss
events. The first event occurred between 200 ◦C and 340 ◦C and
was attributed to the decomposition of CHX absorbed and/or
intercalated in the interlayer spaces of the organoclay. The

Fig. 1 – Representatives thermograms for MMT+CHX
5 ( 2 0 1 9 ) 909–918

second event occurred in the range of 340 ◦C to 495 ◦C possi-
bily due to the degradation of organic phase present in MMT
particles and CHX. The MMT/CHX started the mass loss in
a lower range of temperature than the MMT  pure. Consider-
ing the total mass loss, from 0 to 800 ◦C, it can be observed
that MMT/CHX presented a mass loss around 7% higher, when
compared to MMT itself.

3.2.  X-Ray  diffraction  (XDR)

XRD pattern of MMT particles, CHX and MMT/CHX particles,
are shown in Fig. 2. The interlamellar spacing of the “pure”
MMT particles was calculated as d001 = 1.81 nm,  while the “d”
values for the MMT/CHX was d = 3.9 nm,  suggesting the incor-
poration of CHX between the MMT  layers. Adittionally the
interlamellar space of the MMT/CHX incorporated to the com-
posite showed a similar value from the MMT/CHX indicating
that MMT particles suffered intercalation/exfoliation while
another part remained aggregated, which explains the peaks
attributed to “d” at around 3.85 nm.

TEM images are presented in Fig. 4. CHX did not affect the
intercalation of the organic matrix into the nanoparticle. SEM
images are shown in Fig. 3. The particles presented the same
pattern in both cases (with or without CHX), but when CHX is
present the particles are smaller than MMT pure. The particle
size distribution for MMT  pure was d(0.5) = 11.946 �m,  and for
MMT/CHX d(0.5) = 8.137 �m.

3.3.  Biomaterial  characterization

Table 1 presents the data from degree of conversion (%), flex-
ural modulus (GPa) and flexural strength (MPa). Degree of

conversion ranged from 71% to 74%. The flexural modulus
ranged from 5.7 to 8.1 GPa. Flexural strength ranged from 61.4
to 74.7 MPa. There were no statistical differences among the
groups for all the variables evaluated.

 (10:1) compared with the single components.

https://doi.org/10.1016/j.dental.2019.03.004
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Fig. 2 – XDR analyses of the specimens. The dotted line represents only the MMT.  The dark grey line represents MMT  with
CHX added. The light grey line represents all the groups with polymeric matrix. All the groups with polymeric matrix are
overlapped.

Fig. 3 – SEM micrographs of the nanoparticles with and without CHX at two different magnifications assayed 5000× and
10000×.
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.4.  CHX  release

HX release is presented in Fig. 5. This graph contains both
oncentration (mg/mL) of CHX present in the solution in the

oment of measurement and the release in percentage con-

idering the initial quantity of CHX present in the specimen.
t was possible to observe that the composite containing 2.5%

MT/CHX presented a higher chlorhexidine release of about
45% its initial content over time if compared to the 5 or 10%
MMT/CHX in which the CHX release corresponded to about
10–15% during the experiment period. At 5 and 10% MMT/CHX
an irrelevant difference in terms of chlorhexidine release was

observed. It is important to note that the specimens remained
immersed in the same solution during the 28 days of the exper-
iment, making possible to calculate how much of CHX was
released based on its initial concentration.

https://doi.org/10.1016/j.dental.2019.03.004
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Fig. 4 – TEM micrographs at 150000× magnification of the specimens. Arrows indicate the intercalation of MMT  or
compound MMT-CHX with the polymeric matrix-based BisGMA/

Table 1 – Means and standard deviations for elastic
modulus (GPa) and flexural strength (MPa)  values
obtained 24 h after photopolymerization (n = 10), and for
degree of conversion 10 min  after polymerization (n = 5).
There were  no statistically difference among all groups
(p > 0.05).

MMT  % (m/v) CHX Elastic
modulus
(GPa)

Flexural
Strength
(MPa)

Degree of
conversion
(%)

Resin matrix 8.1 (1.76) 66.4 (15.5) 74 (7)

2.5
No 7.5 (1.55) 61.4 (15.0) 71 (5)
Yes 7.1 (1.62) 71.0 (17.6) 74 (8)

5.0
No 7.6 (2.04) 61.9 (17.8) 73 (7)
Yes 6.4 (1.23) 62.1 (8.8) 74 (3)

than physical interactions alone.
10.0
No 5.7 (1.28) 74.7 (17.4) 71 (5)
Yes 6.9 (2.00) 69.9 (10.0) 72 (6)

3.5.  Antibacterial  activity  assessment

Antimicrobial activity of the composites was tested through
agar dilution method against strains of P. gingivalis, S. mutans
and S. aureus.  Results are shown in Fig. 6. For S. mutans and S.
aureus,  all experimental groups formed inhibition zones. For
P. gingivalis,  only CHX5 and CHX10 groups presented antimi-
crobial activity. In general, groups containing chlorhexidine
(CHX) promoted higher inhibition compared to MMT groups
(p < 0.05, ANOVA, Tukey).
For the biofilm formation, no difference was found between
MMT and MMT/CHX groups when comparing the same con-
centrations (p < 0.05%). However, when comparing among CHX
TEGDMA.

groups, CHX10 promoted the highest inhibition (p < 0,05%).
There was no statistical difference among the unfilled resin
and the groups added with MMT (with or without CHX) for the
2.5 and 5%. In Fig. 7, these data are represented as number of
colony forming units per mL  (CFU/mL).

4.  Discussion

By comparing the thermal decomposition profile of the CHX
and the profile of compound MMT/CHX, a delay in the first
mass loss event of compound MMT  + CHX was observed and
these results indicated that the intercalation of CHX between
the lamellae of the MMT nanoparticle could improve the ther-
mal  stability of CHX corroborating previous studies [12]. The
addition of an organic compound such as CHX may be respon-
sible for that behavior. Besides that, this result suggests that
the residual of CHX were kept among the nanoparticle lay-
ers, which mays  justify that the mass loss did not achieve 10%
higher than the MMT,  corresponding to the initial proportion
of CHX added to the MMT.

Fig. 1 reveals that the combination of MMT/CHX presents
a distinct profile if compared to the standards alone, which
experimentally supported and evidenced the formation of
a chemically linked matrix between the components rather
Considering the X-ray diffraction for all experimental
groups it was observed that the particles presented interca-
lation or exfoliation. This can be assumed by the increase of

https://doi.org/10.1016/j.dental.2019.03.004
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Fig. 5 – CHX release from the developed nanocomposites by means of concentration (in mg/mL) and porcentage (%)  as a
function of time.

Fig. 6 – Mean values of inhibition zones (mm)  calculated representing the antimicrobial activity of CHX and control (CT)
nanocomposites. *Represents the statistically relevant differences among CHX and its respective CT group (p < 0.05. ANOVA.
Tukey).

https://doi.org/10.1016/j.dental.2019.03.004
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Fig. 7 – Means and standard deviation values calculated for
the biofilm formation. Means followed by the same letter

wide range spectrum against oral species; which could prevent
were  statistically similar (p < 0.05).

the basal spacing from 1.81 (MMT  pure) to 3,85 for MMT  with
polymeric matrix, despite the presence of the CHX. This find-
ing is usual when low concentrations of MMT  are used [28].
TEM analyses contributed to the X-ray analyses and showed
the intercalation for all concentrations used in the present
study. In both analyses TEM and SEM the presence of CHX
did not affect the distribution of the particles. Regardless the
presence of CHX, when the filler content increased the sur-
face were stiffer. No agglomeration of the nanoparticle was
observed, usually named tactoid, [29]. The homogeneous sur-
face observed suggest that the nanoparticle even with the
presence of CHX are equally distributed into the polymeric
matrix.

The particle size distribution and also de SEM of the par-
ticles evidence that the CHX resulted in smaller particles,
probably due to the exfoliation of the particles caused by
the incorporation of CHX into the lamellar configuration of
MMT.

BisGMA/TEGDMA is a conventional polymeric matrix used
in dentistry, thereby it was chosen to the present study. The
low concentration of CHX/MMT tested has the aim to evalu-
ate the drug release capacity of MMT  rather than providing
reinforcement to the matrix. The first null hypothesis that the
addition of chlorhexidine did not interfere in the composite
properties was partially accepted. There were no statistically
difference among the groups for flexural properties and degree
of conversion.

The absence in statistical difference using different filler
fraction was expected, but this finding was not expected for
flexural properties. Probably this finding can be explained by
the low concentration of MMT,  as mentioned before, was used
as drug delivery vehicle and not as reinforcement of the resin
matrix.

The use of UV/visible absorption spectroscopy is widely
used to measure CHX release [30–33]. The group with 2.5%
of MMT/CHX presented an initial release of CHX, resulting in
almost 45% of the initial amount released after 28 days. The
other two groups presented a similar slower release, result-

ing in around 15% of the initial amount released. Even that
no statistically difference was observed for the immediate
mechanical properties, probably after aging the composite
5 ( 2 0 1 9 ) 909–918

with lower MMT concentration were more  susceptible to
hydrolytic degradation. Considering the group with 2.5% of
MMT/CHX, the burst observed evidences the presence of CHX
in the surface of the nanocomposite, especially for the 2.5%
MMT/CHX. As the CHX-MMT concentration increased the
release profile indicates that less molecules are present in the
surface, as revealed by the considerably lower burst observed
for these samples, evidencing that the CHX is incorporated
into the matrix.

The concentration used of chlorhexidine solutions in den-
tistry vary from 0.12 to 2% (20 mg/mL  to 1.2 mg/mL) [34]. In
the present study, nanocomposites released from 0.002 to
0.010 mg/Ml  of CHX (0.0002% to 0.001%) at each time evaluated,
maintaining a constant release profile. This constant release
would be interesting for dental materials applications, as
these CHX concentrations could reduce bacterial growth and
biofilm formation of micro-organisms in direct contact with
the composite, without affecting drastically the composition
of the oral microbiota. Thus, the release at low concentra-
tions in a constant pattern could affect less the microbial
balance and oral cell’s viability, however promoting antimicro-
bial effect. Concentrations under 0.02% of CHX were much less
toxic to fibroblast and osteoblasts than concentrations up to
2%; and in the present study up to 0.001% of CHX was released
from composites [14].

The second null hypothesis that the addition of chlorhexi-
dine did not result in the antibacterial activity was partially
rejected. The antibacterial activity was dependent on the
concentration of complex MMT/CHX added and also on the
bacteria species. Regarding the inhibition zone, composites
containing chlorhexidine showed better antimicrobial activity
than nanocomposites without CHX, suggesting that CHX was
released from the composite to the agar medium to promote
an inhibition zone around the discs. S. mutans and P. gingivalis
were more  sensitive to CHX than S. aureus. but CT groups also
formed inhibition zones. However, at 5 % and 10% MMT/CHX,
the effect observed is more  likely to occur via contact effect
rather than by the release of the CHX. This is particularly
interesting as less antibiotic is released to the blood to reach
the same effect as conventional pharmaceutical forms for the
delivery of chlorhexidine.

Biofilm inhibition data showed that only 10% of MM/CHX
presented a lower S. mutans biofilm formation than the resin
matrix itself. Experimental composites have less fillers in
their composition making them more  susceptible to hydrolytic
degradation of the polymeric matrix [35] and, consequently, to
the releasing of free monomers [36].

S. mutans is a Gram positive cocci, an important species
involved in the formation of cariogenic biofilms when dietary
sucrose and starch are present [37–39]. Porphyromonas gin-
givalis, a Gram negative bacilli, is the major etiologic agent
which participates in the development and establishment of
periodontitis [40–42]. S aureus,  also a Gram positive cocci, is an
opportunistic and transitory pathogen that can be found in the
oral cavity, mainly in peri-implant infections [43]. Therefore,
the antimicrobial activity of the nanocomposite suggests a
bacterial colonization around its surface.
It is established in the literature that long carbon chains

may penetrate bacterial membrane causing leakage and death

https://doi.org/10.1016/j.dental.2019.03.004
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44–46]. within this context it is possible to assume that the
eachable residual monomers were responsible for the low
iofilm formation in the surface observed only when the poly-
eric matrix was assayed alone. Regarding control groups

without CHX) it was observed a tendency towards a higher
iofilm formation in materials with less filler loading.

The MMT  nanoparticle (Cloisite 30B) used in this study
olds ammonium quaternary salt in its composition [47],
xerting antimicrobial effects [48]. According to the Rhim et al.
50] and Sothornvit et al. [49] the ammonium quaternary salt
resent in the silicate layer of the nanoparticle is responsi-
le for the break of the bacteria cellular membrane [49,50].
or the MMT/CHX specimens we hypothesize that residual

onomers, ammonium quaternary salt and chlorhexidine
ogether were responsible for antimicrobial properties of their
omposites.

For all mass ratios used CHX was released from the MMT
anoparticle, resulting in a release over time. For the 2.5%
f MMT/CHX the release was faster than the others. In the
resent report, the association between MMT/CHX for dental
omposites is a promising nanotechnology application in the
eek for better alternatives to prevent oral bacterial infections,
ainly secondary caries, and also reducing the composite

iofilm formation.
In conclusion, MMT/CHX can be used to formulate a resin-

ased composite with local antibacterial activity against S.
utans, P. gingivalis and S. Aureus,  reducing the biofilm forma-

ion, without compromising the mechanical properties.
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