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Abstract

Objective: To assess the antimicrobial activity resulting from the association of an orthodon-
tic adhesive with chlorhexidine-thymol varnish. Methods: Thirty-two extracted human pre-
molars were used, divided into four groups. In Group 1, the control group, the adhesive used
to bond the bracket was not associated with any antimicrobial agent. Groups 2, 3 and 4 were
bonded with an adhesive system associated with chlorhexidine-thymol varnish. Groups 3 and
4 were stored in water for 7 days and 30 days, respectively, while the specimens from group
2 were, soon after bonding, placed on agar seeded with Streptococcus mutans for 48 hours,
at 37° C. Results: The experimental groups, with the exception of the control group, showed
antimicrobial activity whose action tended to decline commensurately with the amount of
time that they remained immersed in water. Conclusions: The association of chlorhexidine-
thymol varnish with an adhesive system used in orthodontics proved to be advantageous due
to its antimicrobial activity.
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INTRODUCTION

Nowadays, the use of orthodontic appliances
is widespread. However, these appliances can be
associated to difficulty in cleaning. During treat-
ment, retentive areas are created that favor bio-
film accumulation and bacterial growth. One of
the greatest challenges in orthodontics consists
in maintaining proper oral hygiene during treat-
ment. Brackets, bands and other accessories fur-
ther aggravate these condition by retaining dental
plaque, which can lead to gingivitis and enamel

demineralization, causing white spots and caries.®

Microbiological studies have established
that, after placement of a fixed orthodontic
appliance, the number of bacteria rises signifi-
cantly, particularly lactobacilli and streptococci,
subjecting the oral environment to an imbal-
ance and enabling the emergence of diseases.
Although dental biofilm is composed of numer-
ous species of bacteria, it is believed that Strep-
tococcus mutans is involved in the early devel-
opment of carious lesions.?
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Thus, orthodontic treatment success lies
in correcting occlusion in the best possible
manner without, however, affecting the pre-
existing health of teeth and supporting tissues.
Otherwise, treatment benefits may be ques-
tioned.?® Orthodontic practice undergoes con-
stant progress with the use of new techniques
and materials that benefit both patients and
practitioners.? Attempts to inhibit the devel-
opment of carious lesions in orthodontic pa-
tients have been focused on controlling the
bacterial biofilm around the brackets.® During
therapy, orthodontists are also responsible for
caries prevention.3

In order to reduce the appearance of decal-
cified areas around the brackets, authors have
suggested the use of orthodontic bonding res-
ins which either contain or are associated with
antimicrobial agents.>!

In orthodontics, composite materials are
generally used for bonding brackets. These
composites can act as a source of nutrition and
agglomeration of opportunistic bacteria.® Hahn
et al’® concluded that microorganisms accu-
mulate around restorative materials. Moreover,
it has been previously reported that compos-
ites do not exhibit antibacterial activity after
polymerization.® It would be convenient to
modify existing materials to perform addition-
al functions. Considering that these materials
would already be present in the mouth, they
could serve as reservoirs or platforms for the
dispersal of therapeutic agents.?!

According to Korbmacher et al,'” orthodon-
tic bonding systems that release antimicrobial
agents to adjacent areas are useful because they
reduce the need for patient compliance and can
potentially decrease decalcification.

It has been suggested that the incorpora-
tion of chlorhexidine could impart antibacte-
rial properties to composites. Chlorhexidine is a
cationic clorophenylbiguanide with antimicro-
bial properties and affinity for oral structures.
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Its bactericidal activity results from coagulation
of bacterial cytoplasm with subsequent rupture
of cell membrane.? This agent is considered the
gold standard compared to other substances
designed to interfere with biofilm formation
and development of gengivitis.? Its spectrum is
broad, covering Gram-positive and Gram-neg-
ative bacteria, yeasts, dermatophiles and some
lipophilic viruses, in addition to having a selec-
tive effect on Streptococcus mutans.?

However, composite resins are considered
clinically insoluble since their components re-
main trapped inside and experience great dif-
ficulty in being released because the resin com-
ponents restrict their displacement.® Ribeiro
and Ericson,?? however, observed antimicrobial
activity after combining a composite resin with
chlorhexidine to release antimicrobial compo-
nents, although such activity decreased with
time. Ehara et al,'” however, concluded that res-
ins that release antibacterial agents have certain
drawbacks, since their effects are transitory and
decrease over time, they also impair mechanical
properties and are potentially toxic.’

Bishara et al' and Damon et al’ found that a
combination of chlorhexidine and orthodontic
resins yielded sufficient shear strength for use
in orthodontics, provided that the varnish is
pre-mixed with the resin, applied to the etched
enamel and cured. Karaman and Uysal'® agreed
that shear strength becomes clinically accept-
able when the varnish has been mixed with the
resin in a 2:1 ratio, respectively.

The association of orthodontic bonding ma-
terials with chlorhexidine is useful as it is an
adjunctive method to prevent the appearance of
white spot lesions and caries around the brack-
ets. It could play an important role as an auxil-
iary tool in preventing the demineralization of
tooth enamel surfaces, thereby preserving the
teeth during orthodontic treatment.

The purpose of this study was to assess
the antimicrobial activity resulting from the
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association of an orthodontic adhesive system
with chlorhexidine-thymol varnish.

MATERIAL AND METHODS

An experimental, transverse laboratory
study using 32 human premolars with healthy
buccal surfaces, extracted for orthodontic pur-
poses was conducted.

In this research, a modified version of the
culture technique described by Ribeiro?® for
verification of growth inhibition was used.

The lingual surfaces of the teeth were flat-
tened, both crown and root, so that the teeth
had a buccolingual width of about 7 mm (Fig
1, A), and could be laid on a flat surface with
their buccal surfaces facing upward. The me-
sial and distal surfaces of all teeth were also
abraded down to 3.8 mm width, to match the
width of the bracket to be bonded. The bond-
ing area was demarcated with adhesive tape so
that only the bracket base area was exposed
and came into contact with the material being
evaluated. The specimens were then subject-
ed to a complete cycle of autoclaving (120°C
for 20 minutes). Then, the brackets (Morel-
1i™ Brazil) were bonded in aseptic conditions
and in a laminar flow, after sterilization of the
bonding materials. The center of the buccal
surface of each tooth was etched with phos-
phoric acid at 37% for 15 seconds, then washed
with pyrogen-free sterile water and the etched
enamel was dried with sterile filter paper.

This bonding protocol was described by
Martinez,'® who achieved adequate shear
strength with this method. In group 1 (con-
trol), 9uL of Ortho Primer Morelli™ was ap-
plied to each tooth, waiting up to 30 seconds
for it to dry off slightly and curing it for 20
seconds. The metal brackets (Morelli™) with
the composite on them (Transbond XT, 3M,
USA) were seated on each tooth with the aid
of orthodontic tweezers, positioned and cured
for 10 seconds on each side.
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In Groups 2, 3 and 4 (Table 1) a mixture
of 6uL chlorhexidine varnish (Cervitec, Ivo-
clar-Vivadent™, Swiss) and 3uL primer (Or-
tho Primer Morelli™) at a ratio of 2:1 was
used. This ratio is advocated in the literature
as providing adequate mechanical properties
for clinical use in orthodontics.?”!51822 The
mixture was applied to the etched enamel
surface and light-cured for 20 seconds. The
metal brackets (Morelli™) with the composite
on them (Transbond XT, 3M) were seated on
each tooth with the aid of orthodontic twee-
zers, positioned and light-cured for 10 seconds
on each surface (Fig 1, B). After bonding the
brackets, the adhesive tapes were removed.

The specimens in group 3 were kept sepa-
rately in sterile pyrogen-free water for seven
days in airtight jars. The specimens in group
4 were kept under the same conditions for
30 days and the water was replaced after 15
days. Groups 1 and 2 were bonded and cul-
tured within up to four hours after bonding.
All groups were cultured at the same time us-
ing the same bacterial culture.

With the purpose of placing each specimen
on sterile Petri plates (100 mm diameter by 15
mm height), about 40 mL of Tryptic Soy Agar
(TSA - Difco) culture medium were added to
each plate. Each specimen was then placed in
one of the plates, according to each group, with
the flattened lingual surface seated on the bot-
tom of the plate. Consequently, the buccal sur-
faces were facing upward, so that each bracket
and the enamel adjacent to it were kept free
from contact with the culture medium (Fig 1,
C). After complete solidification, about 15 mL
of the same molten culture medium, cooled
to 50°C and seeded with Streptococcus mu-
tans (ATCC 25175) was added. The inoculum
consisted of a suspension of 8.0 X 10> CFU
of Streptococcus mutans/mL of medium, with
an optical density of 1.6 in DO, which was
added to the plates containing the specimens.
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FIGURE 1 - A) Abrasion of palatal surface. B) Bracket bonded to an area bounded by adhesive tape. C) Tooth fixed in agar without contact with

bracket tie-wings.

TABLE 1 - Description of study groups.

1 = Ortho Primer Absent
2 Ortho Primer Present
3 7 days Ortho Primer Present
4 30 days Ortho Primer Present

An amount of agar with Streptococcus mutans
culture that was sufficient to cover the base of
the brackets and enamel surface surrounding
the bonding area without covering the tie-wings
was added to each plate. The medium was let
to dry off and then the plates were placed in a
bacteriological incubator for 48 hours at 37°C.
After culture, the presence or absence of a zone
of inhibition of bacterial growth was evaluated.
In cases where a zone of inhibition was formed,
its diameter was measured with the aid of a
bow divider and a millimeter ruler. The results
were subjected to statistical analysis of variance

(ANOVA) and Tukey's test.

RESULTS

ANOVA demonstrated significant differences
in the results obtained by the groups (p value =
0.000). The control group had no evidence of a
zone of inhibition. In group 2, the mean value

Dental Press J Orthod

65

was 4.125 mm, with standard deviation of 0.991.
The mean value found in group 3 was 3 mm,
with standard deviation of 0.756. In group 4, the
mean value was 2.625 mm, with standard devia-
tion of 0.518 (Table 2). Statistically significant
differences were found between the results ob-
tained in group 1 and other groups and between
group 2 and other groups. Between groups 3 and
4, however, no statistically significant difference
was found, although, as can be seen in Figure 2,
values exhibited a declining trend.

DISCUSSION

A gold standard method is not yet available
for in vitro evaluation of antimicrobial agents in
bonding agents.?6 Several in vitro studies have
evaluated the antimicrobial effectiveness of
bonding materials by the agar diffusion meth-
0d.'"*1® The agar diffusion test is an acceptable
method for differentiating the antimicrobial ac-
tivity of substances at an early stage.?” The zones
of growth inhibition are dependent on the tox-
icity of the material used against the bacteria
and the diffusibility of the material inside the
culture medium.!! In this study, it was used the
agar diffusion method to observe the activity
of the agent against one of the most common
bacteria associated with caries: Streptococcus
mutans. These bacteria also feature considerable
affinity for composite resins.!”
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TABLE 2 - Obtained results (p = 0.000).

Zonemean 4125 3 2625
(mm)
sD 0.000 0.991 0.756 0518

5 4 495

306
3 330 300
263

0 - -
T T T T
control immediate 7 days 30 days

zone (mm)

time

FIGURE 2 - Reduction tendency of the obtained zone when evaluated by
the mean for each group.

Cervitec varnish was used because it is a
compound widely used as a source of chlorhexi-
dine in many studies.!”!823

This study further disclosed the antimicrobial
action of chlorhexidine, whose effectiveness is
well established in dentistry,> where it is associ-
ated with bonding resins used in orthodontics.
However, further in vitro and in vivo studies are
needed to determine the clinical significance and
duration of antimicrobial properties on a variety
of oral cavity microorganisms involved in the
pathogenicity of bacterial biofilms and caries.

Similarly to Ribeiro’s® findings, it appears
that given the formation of a zone of inhibi-
tion the combination of chlorhexidine varnish
and orthodontic bonding material enabled
antimicrobial activity by releasing the anti-
microbial substance into the culture medium,
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thereby inhibiting in vitro bacterial growth in
areas surrounding the bracket. It is likely that
a small amount of chlorhexidine was released
from the portion below the bracket since only
a thin layer of adhesive associated with varnish
was exposed to the culture medium.*

The reduction in the effects of chlorhexi-
dine over time may be due to a reduction
in the release rate or a reduction in the ac-
tual amount of material present. According
to Couto Junior et al,® although component
release seems larger at first, the decrease in
this rate indicates that the components in the
outer layer are depleted or dissolved in the
water. On the other hand, the components
trapped inside the resin mass are released with
immense difficulty because resin components
restrict such displacement.® The literature re-
ports the sustained release, in aqueous envi-
ronment, of compounds initially located with-
in orthodontic adhesive resins for 150 days,?®
or even up to two years.!?

Often, the therapeutic agents of dental bio-
materials are released from materials and ex-
hibit a decreasing release rate. The water in the
oral cavity diffuses into the resin matrix. The
agent trapped in the adhesive dissolves and
disperses in ever smaller concentrations. Over
time, the agent is released and extracted from an
increasingly deeper matrix layer, which means
that the time needed for diffusion to the exter-
nal environment increases as the rate of release
declines.?! This may also explain the absence
of statistically significant differences between
the antimicrobial activity of the group that was
stored in water for seven days and the group
stored for thirty days. However, we observed
a significant reduction in antimicrobial activ-
ity between the group that was never stored in
water and the group stored for seven days. It
has been reported that immersion in water in
the first three hours causes 50% of releasable
components to be released from the resin.?”’
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There is no way of telling how long the system
will display antimicrobial activity, mainly in the
oral environment. It is clear, however, that this
is an association whose antimicrobial effects dis-
play a decreasing trend, although it is probably an
inexhaustible source of chlorhexidine. Therefore,
these benefits do not last throughout the orth-
odontic treatment and changes may occur in me-
chanical properties after the release of the sub-
stance. However, it is likely that this activity will
last through the most critical period of biofilm
accumulation, when proper oral hygiene is a key
issue. This period spans from the time of orth-
odontic appliance installation through the fol-
lowing four months,?® thus justifying its benefits.

Damon et al’” and Bishara et al' found that a
combination of chlorhexidine and orthodontic
adhesives yielded sufficient shear strength for
use in orthodontics when applied to the etched
enamel and cured. Karaman and Uysal'® agreed
that shear strength becomes clinically accept-
able when the varnish has been mixed with the
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