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In Vitro Evaluation of Microleakage Around Orthodontic
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INTRODUCTION

Abstract

Objective: path of microleakage between the enamel and adhesive potentially al-
lows microbial ingress that may consequently cause enamel decalcification. The
aim of this study was to compare microleakage of brackets bonded either by laser
or acid etching techniques.

Material and Methods: The specimens were 33 extracted premolars that were
divided into three groups as the acid etching group (group 1), laser etching with
Er:YAG at 100 mJ and 15 Hz for 15s (group 2), and laser etching with Er:YAG at
140 mJ and 15 Hz for 15s (group 3). After photo polymerization, the teeth were
subjected to 500 thermal cycles. Then the specimens were sealed with nail var-
nish, stained with 2% methylen blue for 24hs, sectioned, and examined under a
stereomicroscope. They were scored for marginal microleakage that occurred be-
tween the adhesive-enamel and bracket-adhesive interfaces from the occlusal and
gingival margins. Data were analyzed with the Kruskal- Wallis test.

Results: For the adhesive-enamel and bracket-adhesive surfaces, significant dif-
ferences were not observed between the three groups.

Conclusion: According to this study, the Er:YAG laser with 1.5 and 2.1 watt set-
tings may be used as an adjunctive for preparing the surface for orthodontic
bracket bonding.
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The investigators have been working to reach

Acid etching was the first standard method to  the best bond strength with the lowest cost and
prepare the enamel surface for composite fill-  energy [2]. Laser beam can be used in many
ing mechanical retention introduced by Buo- aspects of dentistry. Although Apple et al

nocore in 1955 [1].

postulated that subablative Er laser application
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causes fine enamel cracks reducing its positive
effect of prevention on enamel caries [3], oth-
ers supported the laser beam effect on dental
structure [4-6]. After irradiation of enamel sur-
face with CO2 and Er:YAG laser beams,
Kwon et al. described the improved crystal-
linity after Er:YAG ablation [5]. Cecchini et
al. observed reduction in enamel solubility
without severe enamel alterations [6].

In a study conducted by Chen and Huang,
melted surfaces and crater-like holes 1-20 pm
in diameter were observed in the CO2 and
Nd:YAG laser irradiation [4].

In comparison of 10 Hz Er:YAG lasers
[(100mJ, 12.7J/Cm2), (100mJ, 7.5 J/Cm2) and
(150mJ, 11J/Cm2)], Rodriguez-Vilchis and
coworkers discerned different crack sizes,
changes in morphological and chemical pat-
terns and roughness of the interior of the
cracks [7]. Due to recent studies altering the
laser energy parameters can cause different
effects on dental tissues [2,6].

Challenging results have been published on
the bond strength of laser etching. Attrill et al.
[8] introduced laser etching as an adjunctive
method for enamel preparation. They showed
that however resin restoration retention of la-
ser etching was higher than the negative con-
trol group, the mean shear bond strength was
lower than the conventional acid etching.

In a study conducted by Lee et al., the bond
strength of brackets etched with acid and
Er:-YAG laser were compared [2]. They con-
cluded that Er:YAG etching was an effective
adjunctive method for enamel preparation for
it takes much less time.

Some other investigations were guided on the
evaluation of the amount of microleakage
around bonding materials. In an experimental
study, Davari et al. compared the microlea-
kage under ceramic and metal brackets with
LED and PAC units. They showed less micro-
leakage with LED unit and lower microlea-
kage at the gingival margin under ceramic
brackets in comparison with metals [9]. In
another study, the authors did not find an in-
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crease in the microleakage with high intensity
curing lights in comparison with the LED
units [10]. Ramoglu et al. demonstrated higher
microleakage for resin modified glass iono-
mers in comparison with conventional adhe-
sives [11].

Borsatto et al. [12] evaluated the Silane-
enamel microleakage on deciduous teeth. The
teeth were prepared with Er:YAG laser, laser
plus acid, and merely acid. The pits and fis-
sures were sealed with resin sealants. They
found the highest microleakage in the merely
laser etched group. Class V composite restora-
tion on third molars showed significantly less
microleakage on occlusal walls of the acid
etched group. This study rejected laser etching
as a valuable method for preparing restorative
cavities [13]. Hamamci et al. [14] compared
three methods of total etch, acid etch and laser
etching with two powers. Acid etch had the
lowest microleakage of all groups. They later
suggested that laser etching might serve as an
alternative to acid etching although the least
microleakage was reported in the acid etched
group [15]. Hess et al. showed that sand blast
and low power Er;Cr:YSGG were not capable
of enamel etching for bonding molar tubes
[16]. In addition, they proposed that 1.5 and 2
W lasers might be an alternative to acid etch-
ing. This study was designed to assess the mi-
croleakage around metal orthodontic brackets
with acid etching compared with laser etching.

MATERIALS AND METHODS

The simple sampling procedure was used.
With a=0.05 and p=0.2, eleven samples were
estimated for each group.

Thirty three premolar teeth were extracted for
orthodontic treatment. The teeth were col-
lected from a private clinic in Yazd, Iran. The
crowns were caries free and had no restora-
tions or fracture lines. They were not contami-
nated with any chemical substance such as
H,O, or bleach. All the teeth were debrided
from soft tissues on the surface with a dental
scaler.
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The samples were classified accidentally into
three groups:

Group 1: etching with orthophosphoric acid
Group 2: etching with Er:YAG laser — energy:
100mJ, frequency: 15Hz for 15 seconds

Group 3: etching with Er:YAG laser — energy:
140mJ, frequency: 15Hz for 15 seconds

For the first group, the enamel surface was
polished for 10 seconds and rinsed with water.
Then the surface was desiccated for 20
seconds. The teeth were etched for 30 seconds
with orthophosphoric acid (Ormco etching so-
lution, Italy), rinsed for 30 seconds and desic-
cated. In this stage, the white chalky appear-
ance of the enamel was observed.

For the second group, polishing and debride-
ment was done as explained before and the
enamel surface was etched for 15 seconds with
Er:-YAG laser (kavo laser key I, Germany)-
100mJ, 15Hz.

The laser beam was radiated with a 2060
handpiece on a defocus mode from 20mm
perpendicular to the enamel surface as manu-
facturer's constructions. The enamel surface
was etched with a sweeping movement in a
cover column and row pattern.

The third group was debrided as the two pre-
vious groups and etched with Er-YAG laser-
140mJ, 15Hz for 15seconds.

For all the samples, the surface was desiccated
and the primer (Grengloo/sds-Ormco, Italy)
was applied immediately. With a low intensity
air stream an adequate primer thickness was
achieved. The primer was cured with LED
(lite 695¢/DEWT AMERICA — Taiwan) for 5
seconds. The Grengloo (Ormco) adhesive was
applied to bond the stainless steel twin premo-
lar brackets (22 SS MBT, American orthodon-
tics, USA). A bracket gauge was used for deli-
cate bracket placement. After bracket place-
ment, each tooth was stabilized in a piece of
rubber to prevent bracket displacement. The
adhesive was cured for 10 seconds from oc-
clusal and 10 seconds from gingival edges
with a 45° angle from the bracket base.
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The LED (lite 695c) head was at about 2-
3mms from the tooth.

At the end, thermo cycling between 55°C +2
for 30 seconds with a transition time of 30
seconds was performed with the thermocycle
(\Vafaee Fac., Iran) for 500 cycles.

Before color penetration, the teeth apices were
sealed with sticky wax. Then the teeth were
sealed with nail varnish maintaining 1mm
safety zone from the bracket base. The sam-
ples were soaked in 2% methylene blue solu-
tion for 24hs at room temperature.

After rinsing with water and cleaning the sur-
face colors with a tooth brush, the teeth were
desiccated and stabilized in orthodontic self-
cure acrylic resin (Orthiresin/Densply limited,
England).

Two buccolingual sections on the mesial and
distal wings of the bracket were done with a
diamond bur of cutting instrument (Vafee co,
Iran) with adequate water. The penetration of
color in all samples at the gingival and occlus-
al margins of adhesive-bracket and enamel-
adhesive was evaluated with X3 magnification
of stereomicroscope (Olympus SZX7; Olym-
pus optical, Tokyo, Japan).

The amount of microleakage was measured
with a digital gauge (Shoka Golf, Japan).

The measurements were repeated 2 days later
by the same practitioner. One of the limita-
tions of our study and of course all other in
vitro studies is the preparation of absolutely
undamaged teeth and their disinfection.

One operator and examiner were involved and
they were blind to the method of etching dur-
ing the study.

After the microscopic evaluation of color pe-
netrance and scoring the data, the results were
analyzed with Kruskal-Wallis in SPSS 16
software.

RESULTS

As it is shown in tables 1-3, bracket-adhesive
microleakage was lower than enamel-adhesive
microleakage in all three groups.
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Table 1. Comparison of Bracket-Adhesive Microleakage on Occlusal and Gingival Surfaces in the

Three Groups
prd ..
c Occlusal Gingival Total
Group g
@
© I Mean Med. SD | Mean Med. SD | Mean Med. SD
1 28 0 0 0 0.071 0 0.262 | 0.714 0 0.262
2 25 0.16 0 0.624 0.24 0 0.723 0.28 0 0.737
3 30 0.067 0 0.254 | 0.268 0 0.583 | 0.339 0 0.66
P-Value” 0.336 0.346 0.223

* P-value <0.05 is significant

Table 2. Comparison of Enamel -Adhesive Microleakage on Occlusal and Gingival Surfaces in the
Three Groups

< Occlusal Gingival Total
Group %
% | Mean Med. SD | Mean Med. SD | Mean Med. SD
1 28 | 0.357 0 0.731 | 0.714 1 0.854 | 0.967 1 0.881
2 25 1 0.72 0 1.1 1.2 1 1154 | 14 1 1.19
3 30 | 0.433 0 0.679 1.03 1 0.850 1.23 1 0.898
P-Value” 0.432 0.182 0.353

* P-value <0.05 is significant

Table 3. Total Microleakage in All Samples

Total Bracket-Adhesive Total Enamel-Adhesive

Microleakage in Microleakage in
All Samples All Samples
Mean 0.229 1.193
Med. 0 1
SD 0.591 0.993
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The adhesive-bracket and the enamel-adhesive
microleakage on occlusal and gingival surfac-
es and altogether does not show a significant
difference between the three groups (P-
value<0.05).

DISCUSSION

Laser etching has absorbed a lot of attention in
the recent years. Most of the studies have eva-
luated the shear bond strength of brackets.

One of the most frequent methods used in mi-
croleakage studies are colors that are easier
and more accessible [13]. Here we applied this
method and tried methylene blue. Although
alkaline fushin is the most applicable color, it
can disturb the results due to its attachment to
the carious dentin [13]. In different studies, the
density of the substances varied between 0.5%
and 10% and the drown time were 4-72hs. We
adopted methylene blue 2% for 24hs.

The microleakage studies were performed in
vitro as well as in vivo, but most of them were
in vitro similar to our study. Recently,
Er:-YAG laser has been examined by research-
ers and it is used for enamel preparation [17].
In our study, the lowest enamel-adhesive mi-
croleakage was in the acid etch group (mean:
0.964, med: 1, SD: 0.881) and the maximum
microleakage was in Er:YAG laser (100mJ,
15Hz) with the mean of 1.4, median of 1 and
SD=1.19. These differences were not statisti-
cally significant between the three groups
(P>0.05).

In all the groups the greater microleakage was
at the gingival margin confirming the study
conducted by some other studies. They related
the greater microleakage to the curvature of
enamel surface at the gingival margin and
consequently to the greater adhesive thickness
accumulating there [11, 17]. However, brack-
et-adhesive microleakage can be a failure in
the bracket bond strength; the enamel-
adhesive microleakage is much more danger-
ous due to its tendency to create a white spot.
Moshonov et al. showed color penetrance in
none of their samples showing the effective-
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ness of Er:YAG laser on enamel etching simi-
lar to our study [18]. The results of a study
performed by Karlovic et al. [19] also intro-
duced laser etching as an adequate method for
better marginal seal. They showed less micro-
leakage in the cavity prepared by laser than
ultrasonic.

A power set of 1.8 w (90 mJ, 20 Hz) was used
in Er:YAG laser etching in a study carried out
by Hamamci et al. [14]. In this study, micro-
leakage was significantly high in all groups.
There was a significant difference between
laser and acid etch groups. The difference be-
tween the results performed by our study and
the study conducted by Hamamci et al. may be
due to adhesive bonding. Despite the same
source of radiation used in both studies (LED),
the limitation of tooth surface to radiation was
different. A 4x4 cm acrylic window that was
used in the study carried out by Hamamci et
al. for laser irradiation, could reduce the accu-
racy of the needed area for etching. So the
bracket could be bonded out of the prepared
area. On the other hand, this limitation was not
considered in the acid etch group. Here we
preferred to apply acid phosphoric gel on the
buccal surface of the teeth except Imm from
the surroundings (occlusal, gingival, mesial
and distal). For laser etching we repeated the
same prescription to equalize our groups. Af-
ter all, the additional laser radiation was much
lower than the amount needed for cavity prep-
aration with higher power; so this amount can
be ignored.

In the study performed by Borsatto et al. [12],
there was a significant difference of the ena-
mel-silane microleakage between laser and
acid etch groups. Er:YAG laser prepared
grooves had higher microleakage. The energy
level of laser beam was near our set (120mJ),
so the lower frequency (4Hz) could be the rea-
son of this difference between the study con-
ducted by Borsatto et al. and our study. The
importance of the best adjustment sets has
been shown in recent studies including the
study performed by Berk et al. [20].
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By the SEM evaluations they found that the
best power set for enamel etching is 1-1.5w.
We adopted 1.5w and 2.1w and no meaningful
difference was depicted. It may be concluded
that both sets are acceptable.

As Bader et al. insist, many studies on micro-
leakage use Er:YAG with high energy (more
than 300mJ) that can damage the enamel sur-
face [21]. Therefore, they show weak marginal
seal or high microleakage. These micro inden-
tations with high energy may not create an
adequate surface for etching. By lowering the
power energy set, Bader et al. [21] showed the
same result for both laser and bur cavity prep-
arations.

CONCLUSION

Although the mean of microleakage with 1.5w
laser was the highest, no statistically signifi-
cant difference was seen.

Laser etching of course with an adequate set
can be an adjunctive method for enamel etch-

ing.
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