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Microleakage under Ceramic and Metallic Brackets Bonded with
Resin-Modified Glass Ionomer

Sabri Ilhan Ramoglua; Tancan Uysalb; Mustafa Ulkerc; Huseyin Ertasd

ABSTRACT
Objective: To test the null hypothesis that there is no significant difference between the micro-
leakage of adhesive interferences at the occlusal and gingival margins of both ceramic and me-
tallic brackets bonded with light-cured resin-modified glass ionomer and a conventional adhesive.
Materials and Methods: Sixty freshly extracted human maxillary premolar teeth were randomly
divided into four groups of 15 teeth each. Metal and ceramic brackets were bonded to groups 1
and 2 with resin-modified glass ionomer adhesive (RMGIA). Metal and ceramic brackets were
bonded to group 3 and group 4 with a conventional adhesive (CA) system. A dye-penetration
method was used for microleakage evaluation. Microleakage from the occlusal and gingival mar-
gins was determined by a stereomicroscope for the enamel-adhesive and bracket-adhesive in-
terfaces. Statistical analysis was performed using the Kruskal-Wallis test and the Mann-Whitney
U-test with a Bonferroni correction.
Results: The gingival side of all groups exhibited higher microleakage scores compared with the
occlusal side for both adhesive interfaces. All bracket and adhesive combinations displayed sta-
tistically significant differences in microleakage between the enamel-adhesive and adhesive-
bracket interfaces at the occlusal and gingival sides of the brackets (P � .001). When the adhesive
systems were compared, the RMGIA showed more microleakage than the CA between the dif-
ferent interfaces.
Conclusions: The hypothesis is rejected. RMGIA results in more microleakage between enamel-
adhesive interfaces. (Angle Orthod. 2009;79:138–143.)
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INTRODUCTION

Since visible-light-activated composite materials be-
came widely available in the mid 1970s, their use in
dentistry has exploded.1 Parallel to the increasing rate
of usage in general dentistry, bracket bonding with
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light-cure materials also became increasingly popular
in orthodontics.2,3

The most important factors for this popularity are
longer material working time and flexibility in initiating
the polymerization process, which means extended
bracket positioning time.2–4 However, polymerization
shrinkage is one of the major disadvantages of these
adhesives.3,5,6 Polymerization shrinkage of the adhe-
sive will result in oral fluid leakage between the tooth
and the adhesives.2,6 A path of microleakage between
the adhesive and enamel leaves the potential for mi-
crobial ingress and consequent enamel decalcifica-
tion.6,7

Demineralization of the labial surfaces of the teeth
during orthodontic therapy is a problem of clinical im-
portance,8 and it may present an esthetic problem as
much as 5 years after treatment.9 O’Reilly and Feath-
erstone10 reported that measurable decalcification ar-
eas could be seen around orthodontic appliances after
only 1 month. Enamel decalcification and white spot
formation occur because of mineral loss in the surface
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or subsurface of enamel; the white appearance of ini-
tial carious lesions is an optical phenomenon.9

Fluoride is one of the most effective agents in car-
ries prevention. Fluoride inhibits the metabolism of the
bacteria causing caries and increases the resistance
of enamel and dentine to caries. Porous enamel and
softened dentine can be remineralized in the presence
of fluoride.9 Forsten11 emphasized the importance of
using fluoride during treatment with fixed orthodontic
appliances to prevent development of white spot le-
sions. Usually the fluoride is applied as a solution,
paste, or varnish aimed at the whole dentition.11 Or-
thodontic attachments should be bonded with materi-
als that release fluoride.12

The anticariogenic and remineralizing effects of the
continuous fluoride release from conventional glass ion-
omer cements can be predicted, and there are indi-
cations that resin-modified glass ionomer (RMGI) ce-
ments have similar effects. RMGI cements can be
used in cases where a strong initial fluoride effect is
desired in addition to a long-term effect.11

Arhun et al5 studied microleakage at the tooth-ad-
hesive-bracket complex when metal or ceramic brack-
ets were bonded with a conventional and an antibac-
terial adhesive. They reported that metal brackets
cause more leakage between the adhesive-bracket in-
terface, which may lead to lower clinical shear bond
strength and white spot lesions.

To our knowledge, no studies have investigated the
effects of RMGI adhesives (RMGIA) on microleakage
scores beneath brackets. Therefore, the aim of this
study is to compare the amount of microleakage as-
sociated with metallic and ceramic brackets bonded
with light-cured RMGIA to microleakage associated
with a conventional light-cured adhesive system. The
null hypothesis was that there is no significant differ-
ence between the microleakage of adhesive interfer-
ences at the occlusal and gingival margins of ceramic
and metallic brackets bonded with RMGIA and con-
ventional adhesive (CA).

MATERIALS AND METHODS

Sample Preparation

Sixty freshly extracted human maxillary premolar
teeth, free of caries and surface defects, were collect-
ed and stored in a distilled water solution immediately
after extraction. The teeth were prepared by removing
soft-tissue remnants, calculus, and plaque. They were
then separated into four groups of 15 teeth each.

A 37% phosphoric acid gel (3M Dental Products, St
Paul, Minn) was used for etching. The acid gel was
applied for 30 seconds, rinsed with water from a 3-in-
1 syringe for 30 seconds, and dried with an oil-free air
source for 20 seconds. A quartz tungsten halogen light

unit (Hilux 350, Express Dental Products, Toronto, On-
tario, Canada) with a 10-mm diameter light tip was
used for curing the specimens for 40 seconds. The
etching and curing procedure was the same for all
groups. Both ceramic and metallic premolar brackets
(3M Unitek, Monrovia, Calif) were used in this study.
Transbond XT (3M Unitek) was applied as the CA and
GC Fuji Ortho LC (GC Company, Tokyo, Japan) was
used for RMGIA system. Bracket and bonding material
distribution for the groups are as follows:

Group 1: Metal brackets bonded with RMGIA
Group 2: Ceramic brackets bonded with RMGIA
Group 3: Metal brackets bonded with CA
Group 4: Ceramic brackets bonded with CA

All bonding procedures were done according to the
manufacturer’s instructions. Special care was taken to
remove excess resin around the brackets before the
adhesive was polymerized.

Microleakage Evaluation

After the tooth apices were sealed with sticky wax
for dye penetration, they were rinsed in tap water and
air dried. Nail varnish was then applied to the entire
surface of the tooth, except for an area approximately
1 mm away from the brackets. The teeth were re-
placed in water as soon as the nail polish dried to
minimize dehydration of the restorations. They were
then immersed in a 0.5% solution of basic fuchsine for
24 hours at room temperature. After they were re-
moved from the solution, the teeth were rinsed in tap
water, and the superficial dye was removed with a
brush and dried. Four parallel longitudinal sections
were made through the occlusal and gingival surfaces
with a low-speed diamond saw (Isomet, Buehler, Lake
Bluff, Ill) in the buccolingual direction according to Ar-
hun et al.5 Each section was scored from the occlusal
and gingival margins to the brackets between the
enamel-adhesive interface and the adhesive-bracket
interface.

Microleakage was determined by direct measure-
ment using an electronic digital caliper. The data were
recorded to the nearest value as a range from 0.5 to
5 mm.

Statistical Analysis

Both enamel-adhesive and adhesive-bracket inter-
faces were investigated at the gingival and occlusal
sides. For each specimen, the microleakage scores of
the gingival and occlusal sides were obtained by cal-
culating the mean microleakage scores for each side
measured from four sections. Statistical analysis was
performed using Kruskal-Wallis test and Mann-Whit-
ney U-test with Bonferroni correction (Statistical Pack-
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Table 1. Comparison of the Microleakage Scores between Occlusal and Gingival Sides for Enamel-Adhesive and Adhesive-Bracket Interfacea

Interface Groupsb N

Occlusal

Mean (mm) SD

Gingival

Mean (mm) SD

Statistical Evaluation

P value Significance

Enamel-Adhesive Interface Group 1 15 1.35 1.11 1.61 1.00 .005 **
Group 2 15 0.96 1.02 1.65 1.01 .005 **
Group 3 15 0.00 0.00 0.08 0.15 .059 NS
Group 4 15 0.01 0.06 0.05 0.14 .414 NS

Adhesive-Bracket Interface Group 1 15 1.01 0.99 1.35 0.73 .097 NS
Group 2 15 1.50 0.77 1.53 0.66 .858 NS
Group 3 15 0.00 0.00 0.08 0.26 .180 NS
Group 4 15 0.00 0.00 0.08 0.12 .025 *

a N indicates sample size; NS, not significant.
b Group 1 � Fuji � metallic bracket; group 2 � Fuji � ceramic bracket; group 3 � Transbond XT � metallic bracket; group 4 � Transbond

XT � ceramic bracket.
* P � .05; ** P � .01.

Table 2. Multiple Comparisons of the Microleakage Scores between Groups for Occlusal and Gingival Sides in Enamel-Adhesive and Ad-
hesive-Bracket Interfacea

Interface Side Groupsb N
Mean
(mm) SD

Significance
(P)

Multiple Comparison

Group 2 Group 3 Group 4

Enamel-Adhesive Interface Occlusal Group 1 15 1.35 1.11 .000 NS *** ***
Group 2 15 0.96 1.02 ** **
Group 3 15 0.00 0.00 NS
Group 4 15 0.01 0.06

Gingival Group 1 15 1.61 1.00 .000 NS *** ***
Group 2 15 1.65 1.01 *** ***
Group 3 15 0.08 0.15 NS
Group 4 15 0.05 0.14

Adhesive-Bracket Interface Occlusal Group 1 15 1.01 0.99 .000 NS *** ***
Group 2 15 1.50 0.77 *** ***
Group 3 15 0.00 0.00 NS
Group 4 15 0.00 0.00

Gingival Group 1 15 1.35 0.73 .000 NS *** ***
Group 2 15 1.53 0.66 *** ***
Group 3 15 0.08 0.26 NS
Group 4 15 0.08 0.12

a N indicates sample size; NS, not significant.
b Group 1 � Fuji � metallic bracket; group 2 � Fuji � ceramic bracket; group 3 � Transbond XT � metallic bracket; group 4 � Transbond

XT � ceramic bracket.
* P � .05; **P � .01; ***P � .001.

age for Social Sciences, SPSS version 13.0, Chicago,
Ill). The level of statistical significance was set at P �
.05.

RESULTS

Comparisons of the microleakage scores between
the occlusal and gingival sides for adhesive interfaces
are shown in Table 1. The gingival side of all groups
exhibited higher microleakage scores than the occlu-
sal sides for both the enamel-adhesive and adhesive-
bracket interfaces, and some of the differences were
statistically significant. Groups 1 and 2 (bonded with
RMGIA) showed statistically higher microleakage be-
tween the enamel-adhesive interface at the gingival
side (P � .01). Group 4 (ceramic brackets � CA)

showed higher microleakage only between the adhe-
sive-bracket interfaces at the gingival side.

Statistical comparisons of the microleakage scores
among the four groups at the occlusal and gingival
sides for both adhesive interfaces are shown in Table
2. All groups displayed statistically significant micro-
leakage differences for both adhesive interfaces at the
occlusal and gingival sides of the brackets (P � .001).
No significant differences were found in microleakage
scores between the metallic and ceramic bracket
groups for both the RMGIA and CA. However, when
the adhesive systems were compared, the RMGIA
showed more microleakage than the CA. Group 1 (me-
tallic brackets � RMGIA) had statistically significant
higher scores than group 3 (metallic brackets � CA)
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and group 4 (ceramic brackets � CA) at the occlusal
and gingival sides for both adhesive interfaces (P �
.001). Group 2 (ceramic brackets � RMGIA) showed
statistically significant higher microleakage at the oc-
clusal side than group 3 and group 4 at the enamel-
adhesive interfaces (P � .01). Group 2 also showed
statistically significant more microleakage than groups
3 and 4 at the gingival side between the enamel-ad-
hesive interfaces and at both the gingival and occlusal
sides between the adhesive-bracket interfaces (P �
.001). According to our findings the null hypothesis
was rejected.

DISCUSSION

Persons undergoing orthodontic treatment have sig-
nificantly more teeth with white spot lesions than un-
treated persons,9 and this rapidly demineralization pro-
cess occurs around brackets after only 1 month.10

These enamel decalcifications can occur as a result
of retained bacterial plaque on the enamel for a pro-
longed period.8 Although the areas around the brack-
ets are critical, the areas under the brackets also need
attention.5 Microleakage around the orthodontic brack-
ets may increase a patient’s risk of decalcification.6

General-use materials that release fluoride are ad-
vised for orthodontic practice.12 The compomer and
RMGIA appear to offer viable alternatives to the more
commonly used resin adhesives.13 However, although
some studies presented the bond strength of RMGI,
no studies have compared the microleakage of me-
tallic and ceramic brackets bonded with RMGIA and
CA.

In the present study, microleakage of the bonded
specimens was determined by one of the most com-
mon microleakage assessing method14: the dye pen-
etration method, which has been used in previous
studies.7,15–17 To evaluate the measurement error, two
researchers evaluated all specimens twice. The inter-
and intraexaminer kappa scores for assessing micro-
leakage were high; all values were greater than 0.75.

Thermal cycles are widely used to simulate temper-
ature changes in the mouth, generating successive
thermal stresses at the tooth-resin interface. In restor-
ative dentistry, Kubo et al18 investigated the microleak-
age of self-etching primers after thermal and flexural
load cycling and found that the marginal integrity of
self-etching primers did not deteriorate even after ther-
mal cycles (5000 and 10,000 cycles) and flexural
loads. Similarly, several researchers found that an in-
crease in the number of thermal cycles was not related
to an increase in microleakage of restorations.19–21

Therefore, thermocycling was not performed in this
study.

Similar to the previous study,5 we observed higher

microleakage scores at the gingival sides for all spec-
imens at both adhesive interfaces (Table 1). Micro-
leakage at the adhesive-bracket interface may have a
role in bracket failure caused by bond degradation.
However, the adhesive-enamel interface is more criti-
cal as it may result in white spot lesions.3 For the ad-
hesive-bracket interface, only the ceramic bracket
bonded with CA showed statistically significant in-
creased microleakage at the gingival side (P � .05).
Despite being very small at 0.08 mm, it is significantly
higher than the occlusal score of 0.00 mm. However,
the RMGIA showed statistically significant microleak-
age between the adhesive-enamel interface at the gin-
gival side for the metallic and the ceramic brackets,
with scores of 1.61 mm and 1.65 mm, respectively. A
previous study showed that low-intensity light followed
by a final cure with high-intensity light significantly de-
creased the marginal gap length for restorative mate-
rials,17 but for orthodontic bonding adhesives high-in-
tensity light did not cause more microleakage.6 It is
thought that the polymerization shrinkage of adhesive
material in orthodontics is probably an advantage
compared with the materials used in restorative den-
tistry. This is because the adhesive layer is very thin,
and there is usually an excess of resin at the edges
of the adhesive area so that some of the shrinkage is
absorbed. In addition, the bracket is free floating on
adhesive, and shrinkage will pull the bracket closer to
teeth.22

The purpose of our applying the curing device from
the occlusal side was to determine the effect of the
increased distance between the adhesive and the light
source, which will cause a degradation of light intensity
on the gingival side. In addition, the curing effect of
light decreases at the deeper portions as the intensity
of light decreases as it passes through the material.23

When those factors are considered, the excess micro-
leakage might be attributable to insufficient polymeri-
zation, but microleakage occurs as a result of poly-
merization shrinkage. Arhun et al5 related the differ-
ences between the gingival and the incisal scores to
the surface curvature anatomy, which may result in
relatively thicker adhesive at the gingival margin. Sim-
ilarly, we thought that lower or no microleakage scores
at the occlusal side may be attributable to a relatively
thinner adhesive on the occlusal side. However, these
factors would affect the Transbond XT groups in the
same way, and no statistically significant changes
were noted. Thus, the specifications of the material
may play an important role in the microleakage event.

A study should be designed to investigate the prop-
er reason for the difference in the amount of micro-
leakage between the gingival and occlusal sides of the
orthodontic brackets. We believe polymerization,
which starts initially at the adhesive material close to
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the light source, will harden in this region and move
the free-floating bracket closer to the teeth so that the
shrinkage characteristic of the adhesive farther away
from the light source will be changed and will lead to
more microleakage.

When the microleakage scores among groups at the
occlusal and gingival sides between the adhesive in-
terfaces were examined, we found that Transbond XT
showed less microleakage than Fuji Orto LC, regard-
less of the bracket material on both sides and inter-
faces. According to our findings, Transbond XT caus-
es less microleakage than Fuji Orto LC. However, as
previously mentioned, RMGI cements are effective in
remineralizing demineralized enamel,11 so the risk of
enamel demineralization caused by microleakage be-
tween adhesive-enamel interface might be counter-
acted. Further investigation should be performed.

Some studies24–26 have found that ceramic brackets
produce stronger bonds than metallic brackets.
Whereas Arhun et al5 thought that increased strength
and difficulty in debonding for ceramic brackets may
be attributable to close adhesion of the ceramic brack-
et to the adhesive in the absence of microleakage,
James et al6 could not find a correlation between bond
strength and microleakage.

In this study we could not find any difference in mi-
croleakage between ceramic and metallic brackets for
both adhesives at the interfaces investigated. This is
similar, in part, to the study of Arhun et al,5 which re-
ported statistically higher microleakage for metal
brackets only in the gingival region for adhesive-enam-
el interface but found that metallic brackets showed
increased microleakage at both sides for the enamel-
bracket interface.

Arıkan et al3 reported finding similar to those of Ar-
hun et al5 and showed less microleakage; the lower
microleakage was not statistically significant for the
adhesive-enamel interface for ceramic brackets but
was statistically significant for the adhesive-bracket in-
terface. They attributed this difference to incomplete
polymerization of the adhesives under the metallic
brackets, which do not conduct the light as well as
ceramic brackets. When the materials and methods
are examined, two factors may play a role in the dif-
ferent findings between our study and these studies;
first, different brands of ceramic brackets were used,
and second, we applied no thermocycling to our spec-
imens. Because thermocycling is not related to the
amount of microleakage, the difference may be attrib-
utable to the difference in bracket material.

It is impossible to extrapolate the results of an in
vitro study to the actual oral environment, but hypoth-
esis need to be tested in the laboratory setting before
instituting clinical studies. Our results identify a pos-

sible risk factor for white spot lesions, which may be
important for some fraction of the patients treated.

CONCLUSIONS

• The gingival sides in all groups exhibited higher mi-
croleakage scores compared with those observed
on occlusal sides for both adhesive interfaces.

• No differences were observed between metallic and
ceramic brackets.

• Using the CA systems in orthodontics practice is safer
than using RMGIA as they show less microleakage.
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