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Abstract

The objective of this present study was to evaluate and compare the microleakage underneath metal
orthodontic brackets when bonded with conventional and Titanium dioxide nanoparticle-infiltrated
orthodontic adhesive. Ten human caries-free premolars were extracted atraumatically for orthodontics
purposes and were randomly allotted into two groups, Group 1: Conventional orthodontic adhesive
resin- An acid-etching adhesive system. Enlight composite (ORMCO) and Group 2: An Experimental
acid-etching orthodontic adhesive system that was infiltered with Titanium dioxide. An orthodontic
adhesive containing 1% nanoparticle was prepared. The metal brackets were bonded to the teeth using
the adhesive group to which they belonged. All specimens underwent thermocycling in deionized water
for 1000 cycles with a dwell time of 30 seconds and a transfer time of 0 seconds after being stored at
37°C for four weeks in distilled water. The next step involved 24 hours of submersion in a 0.5% basic
fuchsin solution. With a low-speed diamond saw, four parallel bucco-lingual longitudinal sections were
cut through the occlusal surface. Two calibrated researchers who were blindfolded were examined with
a stereomicroscope at a magnification of 16x. Every section's incisal and gingival margins were
measured between the bracket-adhesive and adhesive-enamel interfaces. The collected data were
tabulated, and the Shapiro-Wilk test for normality was done. At the enamel adhesive interface and the
bracket adhesive interface, brackets bonded with the experimental TiO; infiltrated orthodontic adhesive
resin had higher mean microleakage scores than brackets bonded with conventional composite.
However, this difference was only statistically significant at the enamel adhesive interface (p > 0.05).

Keywords: Adhesives, Nanoparticles, Orthodontic Brackets, Titanium Oxide.

increase in the porosity of the surface. Also

Introduction . ) )

impedes oral hygiene maintenance by the
F1xe§1. orthodontic treatment lIl.VOlVGS ‘fhe patient [1, 2].
provisional attachment of appliances like Most adhesive cement used has a matrix of
orthodontic brackets via adhesive resin cement bis-GMA (bis-phenol A glycidyl methacrylate).
onto the tooth surface to aid in orthodontic These are often associated with certain water
movement of the teeth. Though this is common sorption, solubility, lower DC (degree of
practice, this increases the risk of plaque conversion) and polymerization shrinkage [3,
accumulation and carious lesions on bonded 4]. The precursors for bis-GMA are GMA
teeth. It was found that enamel decalcification (glycidyl methacrylate) and BPA (bis-phenol-
following orthodontic therapy can be seen in 2- A), BPA has been reported as carcinogenic
96% of the patients. Over time white spot which stimulates certain cytotoxic responses as
lesions (WSLs) can also be noted due to an skin hypersensitivity reactions, hemolytic
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activity, and necrotic cell death [5]. This in
recent years has led to the development of bis-
GMA-free adhesive resins. The advent of low
viscose flowable resin cement, manufactured
by reducing the filler content by 75-80%
compared to conventional resin composite
cement, increases flowability but negatively
impacts the mechanical properties. This
flowability could assist orthodontic bracket
adhesion by contributing to the micro-
mechanical attachment to the enamel. However,
the analysis of scientific data presents a mixed
review of its use [6-8].

The  literature  provides
recommendations to overcome WSLs, like

numerous

periodic fluoride application, strict oral hygiene
regime, and incorporation of anti-microbial
agents into the resin cement [9-11]. These
measures, though effective, are short-term and
may further compromise the mechanical
properties of the cement.

The most fascinating and promising
technology in material science has been
Nanotechnology. It opens up possibilities of
producing materials with superior mechanical,
chemical, biological and optical properties.
Nanotechnology and Nanoparticles (NPs) have
been explored in dentistry in the quest of the
ideal dental material. The NPs' larger surface
area and higher charge density promote
efficient bacterial cell contact, which improves
antibacterial activity. This has led researchers to
explore the potential of NPs with anti-
cariogenic capacity to combat the issue of
WSLs. NPs as silver (Ag), copper (Cu), gold
(Au), zinc oxide (ZnO), titanium dioxide
(TiO,), hydroxyapatite, and silicon dioxide
(Si07), have been known as surfacing coating
agents on brackets or incorporated into
adhesive cement for this very purpose [12, 13].
Literature suggests that TiO, and Ag NPs have
been extensively used against enamel
demineralization due to their sensitivity against
Streptococcus mutans (MS). It is also noted that
TiO, NPs have compatible optical properties
with a higher reflective index and colour

stability of the resin cement around the bracket
[14, 15]. The incorporation of TiO, NPs
positively influences various mechanical
properties such as shear bond strength (SBS),
modulus of elasticity, microhardness and
flexural strength. That being said microleakage
has been a critical factor in deciding the
treatment  outcome as this  dynamic
phenomenon allows fluids, ions, and bacterial
to reach the tooth cement interface leading to
debonding of the brackets, discolouration of
restoration  margins, secondary  caries,
hypersensitivity of the tooth and pulpal injury
which has not been extensively
explored[16,17]. To better understand the
microleakage that occurs when metal brackets
are bonded with both standard and titanium
dioxide nanoparticle-infiltrated orthodontic
adhesive resin, the current in-vitro study
examined this issue. The hull hypothesis was
that the microleakage of conventional and
titanium  dioxide  nanoparticle-infiltrated
orthodontic adhesive resins did not differ

noticeably from one another.
Material and Method

The Saveetha Institute of Medical and
Technical Sciences (SIMATS), Chennai,
scientific research board provided ethical
clearance before the current in-vitro study was
conducted. (SRB/SDC/ORTHO-2004/21/TH-
051). The study follows the CRIS standardized
reporting requirements created for in-vitro
experiments [18].

Sample Size Calculation

Based on research by Felemban et al.,
sample size estimation was carried out using the
G power software (version 3.1) [19].

Preparation of Nano-Infiltrated

Adhesive

In the present research orthodontic adhesive
containing 1% nanoparticle was prepared by
mixing 4 ml of dichloromethane (DCM) and
0.04g of prepared titanium dioxide nanoparticle
in a beaker. To ensure no light could pass



through the aforementioned beaker was
completely covered using aluminium foil. This
was then mixed manually while 4g of
commercially available orthodontic adhesive
resin (Enlight light-cured adhesive, ORMCO)
was added. To ensure homogeneous
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the beaker was rotated 500 rpm (rotations per
minute) for 24 hours using an orbital shaker.
This material was then retrofilled into a black
syringe to prevent light exposure. [20-22].
Figure 1 shows the steps followed in this
research to prepare TiO, NPs incorporated resin
cement.

CURED AND POWEDERED TiO?
ADHESIVE'
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Figure 1. Step-Wise Pictorial Representation of the Prepared Experimental TiO, Nanoparticles
Infiltrated Orthodontic Adhesive Resin Used in the Research

Sample Preparation, Handling and
Allocation

Ten healthy human premolars atraumatically
extracted for orthodontic therapy were
randomly allotted to two groups of five. The
collected premolars were stored in distilled
water before they were cleaned, polished for 10
seconds using pumice and a rubber cup and
received an adhesive bonding procedure in
accordance with the manufacturer. Group 1:
Conventional orthodontic adhesive resin- An
acid-etching  adhesive  system: Enlight
composite  (ORMCO) and Group 2:
Experimental acid-etching orthodontic
adhesive resin that was infiltered with Titanium
dioxide.

All specimens underwent thermal cycling in

deionized water for 1000 cycles with a dwell

time of 30 seconds and a transfer time of 0
seconds after being stored at 37°C for four
weeks in distilled water. Root apices of selected
teeth were closed using sticky wax followed by
two successive coats of nail paint, 1 mm short
of the bracket margins. The next step involved
24 hours of submersion in a 0.5% basic fuchsin
solution of all the specimens (Wako Pure
Chemical Industry, Osaka, Japan). Before being
covered in epoxy resin, specimens were first
air-dried and carefully cleaned with distilled
water (Struers, Copenhagen, Denmark). With a
low-speed diamond saw (Isomet, Buehler, Lake
Bluff, IL), a total of 4 bucco-lingual
longitudinal sections parallel to one another
were cut into the occlusal surface. Figure 2
shows the protocol followed in this research for
sample preparation and evaluation.



The samples were inspected under a
stereomicroscope  (Wild  Type 308700,
Heerbruug, Switzerland) at a magnification of
16 by two calibrated independent blinded
researchers. For each of the specimens, scoring

was performed on the incisal and gingival
bracket borders, between the bracket-adhesive
interface and the adhesive-enamel contact.
Table 1 lists the evaluation standards that were
used; [23].

Table 1. Scoring Criteria for Microleakage [23]

0 | There is no dye penetration at either interface.

1 | Restricted dye penetration of 1 mm on either interface

2 | Penetration of dye up to 2 mm of either interface

3 | Penetration of dye up to 3 mm of either interface

Mounting on
acrylic moulds
followed by
thermocycling -
1000 cycles

Preparation of
extracted teeth

Evaluation of the
sectioned sample
under
stereomicroscope

Figure 2. Step-Wise Protocol of Sample Preparation for Evaluation of Microleakage

The mean score of incisal and gingival
scores at both the bracket-adhesive and
adhesive-tooth interfaces were calculated to
obtain the microleakage score for each
specimen. The study of microleakage is crucial
since it has emerged as one of orthodontics'
most difficult subject areas. The involvement of
microleakage in bracket debonding and the
emergence of white spot lesions is amply
supported by the available data. According to
literature reviews, the method of curing or the
kind of adhesive used does not significantly
affect the importance of microleakage.

The information was evenly spread.

Statistical Analysis

SPSS software (Statistical Package for
Social Sciences, Version 23.0, Chicago, [llinois,
USA) was used to tabulate and analyse the data
after it was collected. It was done via

descriptive statistics. The Shapiro-Wilk test
was used to determine whether the data were
normal because the sample size was less than
50 before moving on to the inferential analysis.
A normal distribution of the data was observed
(p > 0.05). To examine intergroup comparisons
between groups about mechanical attributes, an
independent paired t-test was conducted.
statistical significance is indicated when p >
0.05.

Results

The mean microleakage for the research
groups is shown in Table 2. It should be
observed that both groups displayed
microleakage at either the adhesive-enamel or
the adhesive-bracket interface. While not
statistically significant, brackets bonded with
TiO; infiltrating orthodontic adhesive displayed
higher microleakage scores at the bracket



adhesive interface than brackets bonded with
conventional composite (p > 0.05).

When microleakage scores were compared
between the adhesive enamel interface,
brackets bonded with TiO; infiltrating showed

a substantial difference in scores. Compared to
brackets bonded with standard orthodontic
adhesive, orthodontic adhesive displayed
higher microleakage (p 0.05). Table 2 displays
the statistical data.

Table 2. The Mean Microleakage Scores at Adhesive-Enamel Interface and Bracket-Adhesive Interface From
the Incisal-Gingival Side and Overall Comparison Using an Independent T Test between the Two Test Groups

Surface tested Group

N Mean + SD | Sig (2 tailed)

Adhesive enamel
interface

G1-Conventional adhesive

5 0.4+0.54 0.004*

G2-TiO; infiltrated adhesive 5

2.2+0.83

Bracket adhesive
interface

G1-Conventional adhesive

5 0.8+1.09 0.108

G2-TiO; infiltrated adhesive 5

20+£10

*p < 0.05- Statistically significant
Discussion

Alkis et al described microleakage ““as the
passage of fluids and molecules through the
tooth-adhesive and adhesive-bracket interfaces,
which may cause enamel decalcification,
corrosion, discolouration and decreased bond
strength”.  Microleakage is undiscernible
clinically till the aforementioned consequences
result. Microleakage can significantly diminish
the bond strength between the enamel and is
stated as the most important reason for bracket
debonding®. Fixed orthodontic appliance
therapy presents challenges in the maintenance
of oral hygiene by patients as mechanical
plague removal capability by patients and
salivary self-cleaning become less. To prevent
enamel decalcification and WSLs topical
fluoride application is the first line of treatment.

Topical fluoride may be made available to
the patient as gels, pastes, mouth rinses,
sealants, varnishes, mouthwashes, and bonding
materials for the treatment of WSLs. Most of
these formulations are short-term solutions [24-
27]. With the dawn of Nanotechnology, the
recent decade has seen a significant rise in

antimicrobial NPs incorporation in the
orthodontics adhesives for prevention of WSLs.
Antimicrobials such as NPs exhibit excellent
antibacterial properties attributed to the higher
surface-to-volume [28].

The incorporation of many NPs has been
evaluated for effect on mechanical properties as
shear bond strength, optical properties and
antimicrobial efficacy. TiO, NPs have shown to
be potent antimicrobial and significantly reduce
the bacterial count against The primary bacteria
linked to WSLs, such as early carious lesions,
which is thought to be S.mutans. Effects on
microleakage of TiO, incorporation into resin
adhesive cement are not well explained in the
available literature. The present literature aimed
at addressing this lacuna.

The results of earlier studies were carefully
considered in the design of the current
investigation, and they demonstrated that
adding TiO> NPs to the orthodontic adhesive
resin at a concentration of 1% (w/w) improved
the antibacterial effects without deminishing
the resin's mechanical qualities [29-31]. The
preparation and incorporation of the NPs



followed by the established protocol [32] and
evaluation also done [23]. They used a
stereomicroscope and dye penetration to score
the incisal and gingival margins at the bracket-
adhesive and adhesive-enamel interfaces. To
cut down on mistakes, scoring was done by two
impartial, blinded examiners. If the examiners
disagreed on the score, they discussed the
matter and decided on a final score. The results
showed that TiO, incorporation at 1% increased
microleakage at the adhesive cements enamel
interface thereby leading to rejection of the null
hypothesis.

Previously in-vitro studies were used to
evaluate the microleakage of orthodontic
adhesive resin [32-35]. Present research as
stated above used a dye solution and
examination under a stereomicroscope to study
the dye penetration [23, 32, 33]. This method is
preferred due to its slow cost, non-toxic nature,
easy availability of aqueous solutions, quick
and direct measurement possibility, the lack of
reaction with hard tissues [23, 32, 33, 36].

Table 2 shows that both groups showed
microleakage on either of the interfaces
evaluated. Higher microleakage score was
noted underneath brackets bonded with TiO--
infiltrated orthodontic adhesive, although
statistically not significant, compared to
conventional adhesive. When the adhesive
enamel interface microleakage scores were
examined, a significant difference in scores was
found between brackets bonded with TiO»-
infiltrated orthodontic adhesive and brackets
bonded with conventional orthodontic adhesive
(p < 0.05). In contrast to the findings, the
gingival margin's microleakage score was
higher than the occlusal margin. It was reported
that this may be because of the anatomical
morphology of premolar teeth, the prominent
buccal contour can cause a thicker adhesive
layer and higher microleakage score [23].
Additionally, the occlusal site's lower
microleakage score was caused by thinner
adhesive [37].

According to prior research, the enamel-
adhesive interface is more likely to experience
microleakage because to its proximity to saliva
than bracket-adhesive interactions on both the
occlusal and gingival sides. This is contrary to
the current studies, and it might be because in-
vitro environments use standardised models.
Similar findings from in-vitro tests conducted
by Yagci et al. and Arhun et al. showed that no
statistically significant differences in the
microleakage scores of the examined interfaces
were found to be [23, 38].

The findings of the current investigation are
in agreement with those of the study by Alkis et
al, in which it was shown that the enamel-
adhesive interface had higher levels of
microleakage than the adhesive-bracket
interface did [39].

It is vital to note that the significant
limitation of the study id its in- vitro design
which did not entirely reflect the conditions in-
vivo. The outcomes of the study may be
influenced by various factors as oral hygiene
practices and dietary intake of the patient,
which are crucial in real-life settings.
Additionally, the study did not consider saliva,
which plays a vital role in oral defence
mechanisms. Therefore, future research is
needed to evaluate the long-term effects,
clinical efficacy and applicability, and
mechanical properties of the nanoparticles in-
vivo. Determining the proper NP particle size,
appropriate concentration, and preparation
form, such as in addition to primer or adhesive,
is highly advised.

One of the drawbacks of this study is the
short-term evaluation of the microleakage
because brackets typically stay longer
intraorally (approximately two years) in clinical
settings. For better comprehension, longer
evaluation durations with a bigger sample size
and assessment of the effect of saliva presence
during the bonding on microleakage, we advise
further clinical investigations.



Conclusion

Under the limitations of this research, it can
be concluded that at the bracket-adhesive
interface, no significant difference in the mean
microleakage score of conventional and TiO»
incorporation adhesive resin could be noted.
Whereas a significant difference in scores was
observed at the Enamel-adhesive interface
underneath brackets bonded with TiO2-
infiltrated orthodontic adhesive resin showed
more microleakage when compared to brackets
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