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Abstract

Objectives: To evaluate and compare the microleakage between enamel-adhesive, bracket-adhesive
interfaces at occlusal and gingival sides of sapphire brackets bonded with three different light-cure adhesive
systems after thermocycling and 2 months water storage.

Materials and Methods: Sapphire brackets bonded to forty eight intact extracted upper premolar randomly
assigned according to orthodontic adhesive systems used into three equal groups (n=16) with different color
coding: Conventional Transbond XT; Transbond XT plus self-etching primer; Resin-modified glass ionomer
cement (RMGIC) GC Fugi Ortho LC. After bonding and thermocycling, half of samples (8 teeth) in each
group, tested immediately after thermocycling and 24 hours of water storage and the remaining 8 teeth were
incubated in distilled water to be tested after 2 months of water storage. After each storage interval, samples
were subjected to a dye penetration test and examined under a stereomicroscope with image analyzer
software to assess the degree of microleakage in mm. Data was analyzed using the non-parametric tests.

Results: After both storage time intervals, RMGIC group displayed higher microleakage than other groups
with high significant differences with Transbond XT group and more microleakage seen at gingival margin
than occlusal margin in all groups. The microleakage values increased after 2 months storage, but without
significant differences.

Conclusion: The type of adhesive systems could effect the amount of microleakage and higher value
under brackets bonded with RMGIC with more microleakage gingivally than occlusally. The microleakage
increased after thermocycling with 2 months water storage.
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Introduction

Despite continual effort to improve the qualities of
materials and techniques of bonding procedure; including
several new bracket materials, faster curing methods,
and the introduction of light cure resin-modified glass
ionomers and self-etch primer systems!!'l, the micro-
leakage and enamel demineralization are still the major
challenges in dental practice. Micro-leakage prompts
the formation of ‘white spot lesion on the tooth surface
around and beneath the orthodontic brackets®! and
reduces the bond strengthl*]. Polymerization shrinkage

is the main drawback of light-cured adhesives and it is
considered the major factor attributed to microleakage,
gaps,
subsequently marginal leakage at the tooth-adhesive or

generating additional strain, marginal and

adhesive-bracket interfaces(*-5].

James et al.l®l were the first demonstrated the
increase in likelihood of demineralization caused by
microleakage around orthodontic brackets. Arikan et
al.l’l and Arhun et al.[*) stated that the area under the
brackets is as critical as the area around the brackets and
must be considered as such.
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Furthermore, microleakage can possibly result
from the intraoral temperature variation from hot or
cold food consumption that causes repeated expansion
and contraction, adding additional stress at the
bonding interfaces!’). Several studies have shown that
thermocycling test, a routinely applied aging process
to simulate the oral thermal cycles in vitro studies,
significantly decreases bond strength and increases

microleakage at interfaces!®l.

Water storage for specific period varies from
months to few years is another artificial aging process!®).
Exposure to oral fluids impairs the bond integrity
by causing elastic deformation, biodegradation, and
physical alteration of both tooth substance and the
adhesive, resulting in micro-leakage and weakening
in bond strength over time!!’ Furthermore, increasing
the aesthetic demands of adult orthodontic patients
motivated the manufacturers to design several types of
esthetic brackets, including sapphire brackets. Thus,
this study was conducted to assess and compare the
microleakage generated between adhesives interfaces at
the occlusal and the gingival side of sapphire brackets
bonded with three different orthodontic adhesives and
estimate the effect of different aging conditions on
microleakage values.

Materials and Methods

A sample of 48 human upper first premolars
previously extracted for orthodontic purpose meeting
the criteria of having an intact buccal surface, free from
decays, cracks, or restorations, and had not subjected
to chemical pretreatment!!!], were selected and stored
in a solution of 0.1% of thymol (V/W) with distilled
water that changed periodically to avoid microbial

growth(?b12],
The standard edgewise Sapphire orthodontic
brackets (Pure®/ OrthoTechnology, U.S.A) for

maxillary first premolar with slot size of 0.022 inch were
used in this study.

The sample was divided according to the orthodontic
adhesive systems into 3 equal groups of 16 randomly
selected teeth. To differentiate between groups, the teeth
were mounted in different color-coded acrylic blocks of
dimensions (20 mm x15mm x15mm). Then the samples
were stored in distilled water to avoid dehydration until

bonding!3].

After cleaning teeth with non-fluoridated pumice
for 10 sec.l”] the teeth received the following treatments
(according to manufacturer’s recommendations);

Group T; Transbond XT: etching the enemal with
37% phosphoric acid gel for 30 sec,and rinsed for 15sec,
then Transbond XT primer (3M, unitek) was applied
and brackets were bonded with a light-cured, highly
filled Transbond XT Adhesive (3M Unitek, Monrovia,
California, USA).

Group S; Transbond XT plus: A self-etching
primer (Transbond Plus, 3M, unitek, Monrovia, USA)
was applied on buccal surface for a minimum 3-5 sec.
Then Transbond XT adhesive (3M Unitek) used to bond
brackets

Group G; GC Fugi Ortho LC: 20% Polyacrlic acid
conditioner (SDI Co., Australia) was applied to the
enemal surface for 10-20 sec., then thoroughly washed.
GC Fuji Ortho LC was mixed in ratio 3.0g/1.0g of
powder to liquid of RMGIC, to bond the brackets.

The adhesives were cured using the LED curing unit
(Radii-cal LED, Wood pecker, China) for 10 seconds for
each proximal side with light intensity *1200 mW/cm?,
measured before every curing by a radiometer!'4],

After those bonding procedures, the samples were
kept in distilled water at 37°C for 24 hours. Next, the teeth
subjected to thermocycling following the ISO 11405
recommendations consisting of 500 cycles between
5 °C and 55 °C distilled water baths with immersion
time in each being 30 sec. and the transferring time
between baths was 10 sec.'”]. Eight teeth were tested
immediately following to the thermocycling and after
24hr. storage, and the remaining 8 teeth were tested after
thermocycling and after 2 months storage time intervals.

To evaluate the microleakage, two subsequent
layers of red nail varnish were applied to the entire
surface of the teeth except area up to 1 mm around the
brackets margins. Once the varnish was dried, the sample
blocks were submerged in distilled water to minimize
dehydration and then immersed for 24 hours in 2%
methylene blue dyel!4]. After 24 hours, the samples were
cleaned to remove superficial dye and the nail varnish.
Each tooth crown was further blocked with clear acrylic
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resin, then four parallel longitudinal sections for each
acrylic blocks were done in a buccolingual direction!?l by
using a microtome (MT-4 Diamond cut-off saw, USA)
with abundant water coolant. The microleakage of each
section examined under a stereomicroscope (Halmilton,
Italy) at 40X magnification in a blinded fashion. A
digital image was taken by a camera connected to the
microscope, then analyzed using ImageJ® software
version (Image JV. 1.46r, U.S National Institutes of
Health, Bethesda, U.S.A)!'"Y. The microleakage was
measured in mm. at enamel-adhesive and adhesive-
bracket interfaces in occlusal and gingival sides for each
section.

Statistical Analysis

The microleakage values of the gingival and
occlusal sides were measured from four sections of each
sample. Descriptives were displayed in terms of means
and standard deviations. Data were analyzed using SPSS
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(statistical package of social science) software version 20
by Kruskal-Wallis, MannWhitney U-tests and Wilcoxon
signed rank tests.

Results

Table 1 revealed highly significant differences
among the three groups at different interfaces and after
both storage intervals (p=0.000); G group exhibited the
highest mean value at both adhesive interfaces followed
by that S group then T group. There were high significant
pairwise differences between most of the sample groups.
Table 2 showed that the gingival side exhibited higher
microleakage than the occlussal side, with highest mean
value in G group at enemal-adhesive after 2months
water storage. Statistically significant differences were
found at bracket-adhesive in S group after 24 hours
storage, and in T group after 2 months storage; while at
enamel-adhesive seen in T group after 2 months, and in
S group after both storage intervals, and G group after 2
months storage.

Table (1) Descriptive statistics and effect of different types of adhesives on the microleakage (mm.) among
study groups.

Microleakage (mm) KWH test MWU test
Interface Duration Adhesives Test

Mean S.D. X2 test | p-value | Groups statistic p-value

T 0.282 0.213 T-S 8 0.012*
24 hr 0.000

S 0.656 0.250 12.821 . T-G 1 0.001**

Bracket G 0.886 0.256 S-G 14 0.059#

adhesive T 0398 | 0390 T8 6 0.006%*
0.000

2 month S 0.932 0.313 12.186 o T-G 4 0.003%**

G 1.365 0.460 S-G 12 0.036*

T 0.437 0.384 T-S 4 0.003**
0.000

24 hr S 1.234 0.410 13.726 . T-G 5 0.005**

E G 1.233 0.233 S-G 29 0.753#

namel

adhesive T 0563 | 0316 T8 3 0.002%*
0.000

2 month S 1.248 0.353 14.707 . T-G 0 0.001**

G 1.281 0.208 S-G 27 0.600#

*Significant p < 0.05 ; ** Highly significant p < 0.01; # Non-significant p> 0.05
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Table (2) Comparisons of microleakage in gingival and occlusal margins at bracket-adhesive and enamel-
adhesive interfaces among study groups

Micoleakage (mm)
. Difference
Interface Adhes.l V¢S | Duration Occlusal Gingival
duration
Mean S.D. Mean S.D. WSR p-value
test
24 hr 0.274 0.255 0.290 0.208 -0.135 0.893#
T
2 months 0.275 0.264 0.521 0.580 -1.992 0.046*
24 hr 0.426 0.214 0.886 0.406 -2.240 0.025*
Bracket
. S
adhesive
2 months 0.820 0.566 1.043 0.458 -1.400 0.161#
24 hr 0.868 0.391 0.904 0.267 -0.560 0.575#
G
2 months 1.285 0.423 1.444 0.575 -1.120 0.263#
24 hr 0.366 0.250 0.507 0.573 -0.734 0.463#
T
2 months 0.395 0.298 0.731 0.414 -1.960 0.049*
24 hr 0.899 0.383 1.568 0.651 -2.240 0.025%*
Enamel- g
adhesive
2 months 1.113 0.402 1.382 0.359 -1.960 0.049*
24 hr 1.160 0.317 1.306 0.196 -1.400 0.161#
G
2 months 1.103 0.099 1.458 0.389 -2.100 0.036*

**Significant p < 0.05; # Non-significant p> 0.05

Dissucusion

The microleakage around and under the orthodontic
brackets is a major factor that endangers the longevity
of the orthodontic bond and increase a patient’s risk
of white spot lesions that may develop as early as 1
month of orthodontic treatment!'®l. The microleakage in
the present study was assessed by the most commonly
used method, the dye penetration, as it is simple, rapid,

economical and used in most previous studies!?H14L17],

The microleakage was measured at enamel-adhesive
and adhesive-bracket interfaces similar to studies of
Arhun et al.'*l and Vincente et all'®], as their final clinical

outcome is different. Microleakage at enamel-adhesive
interface prompt the occurrence of white spot lesions,
while the microleakage at adhesive-bracket interface
may lead to bracket debonding. However, James et
all®! stated no relation between microleakage and bond
strength.

The result of this study showed that all groups
displayed microleakage and the highly significant
more microleakage under bracket bonded with RMGIC
adhesive at both adhesive interfaces as compared to
the Transbond XT SEP system and the total-etched
Transbond XT adhesive after both storage intervals.
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However, the remineralizing of demineralized enamel
by RMGIC might counteract the risk of enamel
demineralization caused by microleakage between
adhesive-enamel interfacel'®). The most important factor
related to microleakage under orthodontic brackets is the
polymerization shrinkage!?! which varies by the adhesive
composition which includes the filler content, diluent
percentage, the degree of conversion of the monomer,
and the curing technique®®). Bracket bonded in group S
showed highly significant more microleakage than the
group T, similar to study of Uysal et all*]. Enamel etching
with phosphoric acid results in lower microleakage due
to the improvement in resin tag formation, and deeper
etching pattern compared with that of self-etching
primer that is not deep enough to ensures better resin
penetration which is a curical factor in the fight against
microleakage. Nevertheless, a deeper etching pattern
does not guarantee a sealant—enamel interface that is
free of microleakage!?!l. This is supported by an in vivo

(22 which found that after 24 months there is no

study
difference between sealants applied over phosphoric

acid-etched teeth, and self-etching adhesives.

The gingival sides in this study showed a relatively
greater microleakage than the occlusal sides at both
storage intervals, which was significant in most adhesive
interface of groups. This is consistent with Arhun et
al.l¥ and Ramoglu et al.l'”! studies, which related this
variation to the relative surface curvature, which may
lead to thicker adhesive at the gingival side.

Percolation might cause microleakage and occurs
due to mismatch in the coefficients of thermal expansion
of brackets, enamel and adhesivel’l. In this study,
thermaocycling test was used to simulate percolation,
similar to Ulker et al. study®*\. Another variable
influences the microleakage is the adhesive degradation
as a result of immersion in water or exposure to oral
fluids®#!. The result of this study revealed an increasing
in microleakage in samples tested after 2 months water
storage for all adhesive types, this may attributed to
water diffusion into the bonding interface causing
hydrolytic degradation of the interface components(?4],
The hot water from the thermocycling test, might
speed up the hydrolysis of the resin and extract the
under polymerized resin[?*). But, this increasing is not-
statistically significant might be due to insufficient time
required for the degradation to take place.
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Conclusion

The type of adhesive systems significantly effected
the amount of microleakage and higher value under
brackets bonded with RMGIC with more microleakage
gingivally than occlusally. The microleakage increased
after thermocycling with 2 months water storage.
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