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MICROLEAKAGE UNDER POLYCARBONATE AND METALLIC
BRACKETS BONDED WITH RESIN - MODIFIED GLASS
IONOMER VERSUS LIGHT CURED COMPOSITE RESIN

Aly D*, Tamish N**, Ismail H**
ABSTRACT:

Objective: An in vitro study to evaluate the microleakage at
the occlusal and gingival margins of both polycarbonate and
metallic brackets bonded with light-cured resin modified glass

ionomer cement versus light cured composite.

Materials and Methods: 40 extracted sound premolars were
divided into 2 groups. Group I was bonded with polycarbonate
brackets (silkon M TM). 10 samples using light cure Fuji ortho
(14) and 10 samples using Trans bond XT (IB). Group II was
bonded with metal brackets using both techniques (1LAcLIIB). All
samples were then subjected to thermo cycling. The root apices
were sealed with sticky wax and the teeth were painted with 3
layers of nail polish leaving a 1Imm window surrounding the
bracket. Teeth were then immersed in 0.5% basic fuchsine dye
solution for 24 hours at room temperature then washed under
running water and sectioned longitudinally between the bracket
wings into two halves using a low speed thin diamond disc under
a stream of water. The extent of dye penetration was detected
using a light stereomicroscope (x18 magnification) at both the
occlusal and gingival areas of the bracRets between both the
enamel adhesive and the bracket adhesive interphases using soft
imaging analysis. Descriptive statistics were computed as means
and standard deviations of micro leaRage values in different
groups. Pooled micro leakage allowed the use of ANOVA, Tukey
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HSD test and the general linear model test at p<0.05. Significance
level was set at 5%. Statistical analysis was done using SPSS
version 17.Bar charts with Error bars were used for graphical
presentation. Results: The gingival side of all groups exhibited
higher microleakage compared with the occlusal side for both
adhesive interfaces. All bracket and adhesive combinations
displayed statistically significant differences in microleakage
between the enamel-adhesive and adhesive-bracket interfaces at
the occlusal and gingival sides of the brackets. When the adhesive
systems were compared, the Resin Modified Glass Ionomer cement
(RMGILA) showed more microleakage than the light cured composite
resin between the different interfaces. The polycarbonate brackets with
the addition of ceramic fillers showed more microleakage than metallic
brackets. Conclusion: The overall comparison of the bonding system
used revealed that no combination was found to be superior in their
microleakage inhibition property, and polycarbonate brackets even by
addition of ceramic fillers seemed that it was still inferior to the
metallic brackets in the microleakage inhibition property.

INTRODUCTION

From the orthodontic point of view, microleakage presents the
formation of white spot lesions under the bracket surface area.” The
clinical symptoms associated with microleakage are breakdown and
discoloration of margins, secondary caries, increase in postoperative
sensitivity and pulp pathology. @ Mlcroleakage between composite-
enamel interface is the average of two of three teeth bonded with the
bonding materials which are affected by some form of enamel opacity or
diffuse opacity after orthodontic treatment.* Demineralization of
enamel occurs due to organic acids produced by bacteria in dental plaque
surrounding the orthodontic appliances."™

James et al”) were the first to point out increased risk of
decalcification caused by micro leakage around orthodontic brackets.
Many efforts has been done to overcome the demineralization process
around the orthodontic brackets including daily use of a fluoride rinse
combined with oral hygiene instruction which can lead to a significant
reduction in decalcification.®
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Although plastic brackets were introduced with considerable enthusiasm,
they are not durable enough to hold up in the mouth for long term because of
many reasons' ', however their lower prices and the hazardous effects of the
ceramic brackets on the enamel made them popular especially ceramic
reinforced plastic brackets and those with metal slots.

Several factors affect the integrity of the adhesives interfaces and can
contribute to microleakage. These factors include: polymerizationshrinkage"",
thickness and type of the adhesive!'?, coefficient of thermal expansion''?,

light polymerization units'®, thermo cycling""”’, acid-Etch Technique'®’,
adhesive bond strength!”).

MATERIALS AND METHODS

The selected sample of this study consisted of forty extracted human
first upper and lower premolars collected from patients seeking
orthodontic treatment whose treatment plan indicated extraction of
maxillary and/or mandibular first premolars at Orthodontic Department,
Faculty of Dentistry, Alexandria University. The inclusion criteria were
sound freshly extracted teeth i.e. free from any decay, and restoration
with visually intact enamel surface.

Two different types of orthodontic brackets for bonding were used:
Twenty standard mesh base edgewise stainless steel brackets (Mini Standard
Edgewise. American orthodontics. Sheboygan, WI USA).

Twenty straight clear plastic with ceramic like filler polycarbonate
brackets (Silkon M TM. American orthodontics. Sheboygan, WIUSA.).

Two different types of bonding materials were selected Transbond XT™
light cure composite (Transbond TM XT. 3M UNITEK. Monorvia, California,
USA) and Fuji Ortho LC ™ light cure resin reinforced glass ionomer cement
(FUJI ORTHO LC, GC corporation, Tokyo, Japan). Orthodontic conditioner
for RMGI cements (Poly-acrylic acid dentin conditioner. GC Corporation,
Tokyo, Japan) .10%polyacrylic acid supplied in the form of a bottle
of 23.8 ml. Etching gel: 37% Ortho-phosphoric acid (Phosphoric Acid
Etching Gel, 37 % conc. 3M EPSE AG, Germany.)
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The samples were divided into the following four groups:

Group I: Twenty teeth used with polycarbonate brackets. This group
was further subdivided into 2 groups:

Group IA: Ten teeth etched using etching gel then conditioned with
polyacrylic acid followed by bonding of polycarbonate
brackets with resin-modified glass ionomer.

Group IB: Ten teeth etched using etching gel and polycarbonate brackets
bonded using composite resin.

Group II: Twenty teeth to be used with metal brackets. This group will
be subdivided into 2 groups:

Group IIA: Ten teeth etched using etching gel then conditioned with
polycyclic acid and metal brackets bonded using resin-
modified glass ionomer.

Group IIB: Ten teeth etched using etching gel and the metal brackets will
be bonded with composite resin.

v’ The extracted premolars were washed from debris and blood stain
then kept in distilled water solution until the time of preparation. Enamel
surface to be bonded was given a thorough prophylaxis using pumice
paste and water containing no oil or fluoride .The paste was applied using
rubber cup rotated at a low speed on a conventional handpiece for 10
seconds. Then the enamel surface was rinsed thoroughly with water
syringes and dried with an oil and moisture free source using hair dryer.

1- Acid etching and dentine conditioner:

e For all groups: Acid etching was carried out by one or two drops of
the acid etching gel (37%) orthophosphoric acid which was dispensed on a
dispensing pad. Tweezer was used to saturate a disposable mini-sponge
applicator with the etchant then dabbed gently and continuously on the
enamel. The acid must not be rubbed because this would reduce the depth of
the enamel pockets which form the major source of retention. Pressure was
avoided since this could destroy the relative characteristics of the etched
surface. After 30 seconds etching the teeth surfaces were then rinsed
thoroughly with an air water syringe for 20 seconds in order to wash the
enamel surface from the residual acid etchant. The etched surface was dried
using the hair dryer until the buccal surface of the teeth appeared chalky white.

—_—T
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e For groups IA & IIA: Dentine conditioner was carried out by one
or two drops of the conditioner (polyacrylic acid) which dispersed on the
dispensing pad. A disposable mini-sponge applicator was used to apply
the conditioner to the bonding surface for 20 seconds. The bonding
surface was rinsed thoroughly with a water syringe then dried by blotting
using cotton pellet until it appeared moist (glistening) as indicated by
manufacture's instruction.

2- Application of direct bonding material and brackets placement:

e For groups IA & ITA, Resin-modified glass ionomer adhesive:
The powder and liquid were in a ratio of 3: 1gm adjusted by large spoon
of powder to 2 drops of liquid. The bases of the brackets were coated
completely with the mixed adhesive. The metallic and polycarbonate
brackets were placed using clamping tweezers on the prepared enamel.
After bracket positioning, the bracket was pressed firmly on the tooth
surface in order that the excessive adhesive came out then the excess was
removed by dental probe.

The adhesive was then cured through its exposure to the light curing
source using the conventional halogen light curing unit by placing the
light guide about 2 mm away from the bracket and shine the light through
the bracket. Each bracket was exposed to the light for 10 seconds from
the occlusal, mesial, distal and gingival aspects according to the
manufacturer's instructions.

e For groups IB and IIB, Light-cure composite resin adhesive: After
etching transbond XT primer was placed on a cotton pellet. A thin
uniform coating of primer was applied onto the surface to be bonded
using the enclosed disposable brushes. The primer coating was then
subjected to the conventional halogen light-curing unit for 20 seconds.
Using syringe a small amount of transbond XT adhesive paste was
applied on the bracket base. The bracket was lightly placed on the tooth
surface. Bracket adjustment was done in the position with pressure using
holding tweezer. The excess adhesive was gently removed using dental
probe form around the bracket base without disturbing the bracket.

The resin was then cured through its exposure to the light-curing
source using the conventional halogen light-curing unit by placing the
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light guide approximately 2 mm away from the bracket and shining the
light through the metallic and polycarbonate brackets.

Each bracket was exposed to four light exposures from four different
sides, occlusal, mesial, distal and gingival aspects to ensure getting
complete polymerization. Each exposure time was of 10 seconds.

3-Thermocycling:

The teeth were thermocycled in a water bath for 500 cycles using the
thermocycling machine, alternating between 5°C and 55°C with a dwell
time 30 seconds.

After thermocycling, the samples were stored in a water bath at room
temperature till the time of microleakage testing.

4- Microleakage testing:
e The root apices were sealed with sticky wax.
e The teeth were rinsed in tap water and air dried.

e Tooth surfaces were coated with three layers of nail polish except for
an area approximately 1 mm away from the bracket.

e The teeth were replaced in water as soon as the nail polish dried to
minimize the dehydration of the restoration.

e Then the teeth were immersed in 0.5% basic fuchsine solution for 24
hours at room temperature.

e The teeth were removed from the dye solution and washed under running
water and the superficial dye was removed with a brush and dried.

e Then the teeth were sectioned longitudinally between bracket wings
into two halves using a low-speed thin diamond disc under stream of
water to prevent damage of the tooth from heat generation.

e The extent of dye penetration was detected by light stereomicroscope
(X18 magnification) using soft imaging analysis at both the occlusal
and gingival areas of the brackets at the enamel-adhesive and the
adhesive-bracket interfaces.(OLYMPUS stereomicroscope SZII)
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STATISTICAL ANALYSIS

Descriptive statistics were computed as means and standard deviations of
microleakage values in different groups. Normality of values was checked
using skewness, kurtosis and Kolmogrov Smirnov test. Pooled microleakage
for all groups proved to be normally distributed and allowed the use of
ANOVA, Tukey HSD test and the General Linear Model test. Significance
level was set at 5%. Statistical analysis was done using SPSS version 17.Bar
charts with Error bars were used for graphical presentation.

RESULTS
Table I shows the mean and standard deviation of overall mean

microleakage at adhesive interfaces at both the occlusal and gingival areas.

Table I: Mean and standard deviation of overall mean microleakage at adhesive
interfaces at both the occlusal and gingival areas.

Study Groups Std. Deviation
Group 1A 0.48927

Group 1B 0.39193
Occlusal

Group ITA 0.56648
Group IIB 0.49129
Group 1A 0.28707

L. Group IB 0.60162
Gingival

Group ITA 0.62838
Group IIB 0.51371

Group IA: polycarbonate brackets bonded with light-cured resin modified
glass ionomer.

Group IB: polycarbonate brackets bonded with light-cured composite resin.

Group ITA: metallic brackets bonded with light-cured resin modified glass
ionomer.

Group IIB: metallic brackets bonded with light-cured composite resin.
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Table II showing the comparison of the mean microleakage values
between the occlusal and gingival areas for adhesive interfaces. Statistical
analysis was carried out using general linear model (GLM) test. The
gingival areas of all groups exhibited higher microleakage values than the
occlusal areas for adhesive interfaces (figures 2-5) and the differences
were statistically significant (P<0.001). These results were represented
graphically in figure using bar chart with error bars for 1.00.

Table II: Comparison of the mean microleakage values between the occlusal and gingival
areas for adhesive interfaces.

Source Type III Sum of Mean Square

Squares
Site 8.968 8.968
Group 52.746 17.582
site * group 0.308 3 0.103
Error 39.109 0.257
Corrected Total 101.132

I R Squared = 0.613 I
Df = degree of freedom. F = Annova. *Statistically significant at (P<0.001). (N=40)
3.00- Site
@ Occlusal

W Gingival

2.00=

1.00

Mean Microlekage

2363
1.774
1.774] 1.554]
1153}

”

I I I
Group A sroup 18 Group A Group 1B

0.004

Group
Error bars: +/-1.00 80

Fig. (1): Bar chart representing the meanmicroleakage values at the occlusal and gingival areas
for adhesive interfaces.
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Fig. (2): Specimen from group IA showing gingival microleakage.

Fig. (5): Specimen from group IIB showing gingival microleakage.
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Table III shows the comparison among study groups as regards mean
microleakage at adhesive interfaces. The difference in microleakage values
between groups were statistically significant using Annova test with (P<0.001)

Table III: Comparison among study groups as regards meanmicroleakage at adhesive
interfaces.

Groups

(Group IA)

(Group IB)

(Group ITA)

(Group IIB)

Total

Std. Deviation

0.49708

0.54784

0.64411

0.52779

0.79753

Mean

2.0708

1.376

0.7905

0.5983

1.2089

Sum of Squares df
52.746 3

Mean Square F P

ANOVA test *
17.582 56.687 <0. 001

*Statistically significant at at(P<0.001). (N=40)

Table IV and figure 6 show pairwise comparison between study groups
as regards mean microleakage at adhesive interfaces. Utilizing Tukey HSD
test showed that Group IA exhibited significant higher microleakage values
than Group IB, Group IIA as well as Group IIB (P<0.001). Group IB showed
significant higher microleakage values than Group IIA, Group IB and Group
IIB (P<0.001). While no Significant differences were observed between
Group ITA and Group IIB (P=0.414). (Figs. 15, 16)

Table IV: Pairwise comparison between study groups as regards mean microleakage at
adhesive interfaces.

Groups Groups Mean Difference (I-J) | Std. Error

(Group IB)
(Group ITA)
(Group IIB)
(Group 11A)
(Group IIB)
(Group IIB)

0.69475
1.28025
1.4725
0.5855
0.77775
0.19225

0.12453
0.12453
0.12453
0.12453
0.12453
0.12453

(Group IA)

(Group IB)

(Group I1A)

Tukey HSD test. *Statistically significant at at(P<(0.001). (N=40)
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Fig. (6): Bar chart showing the mean microleakage in different study groups at the
adhesive interfaces.

Table V shows the mean, standard deviationand comparison of the
overall mean microleakage in specimens where RMGI and composite resin
were used at adhesive-tooth interface regardless of the bracket type which
displayed in Fig.15. The statistical analysis of data using t test showed higher
microleakage of RMGI specimens with p <0.001. (Figures. 7 - 9)

Table (V): Comparison of mean microleakage between adhesives.

Adhesive Std. Deviation | t-value

RMGI 0.861

Microleakage

Composite 0.662

t = student's t test.

* Statistically significant at at (P<0.001).(N=40).
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Fig. (7): Barchart showing meanmicroleakage between adhesives.

Fig. (8): Specimen from group IIB showing microleakage at gingival and occlusal areas.

A: Occlusal area, B: Gingival area.
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Fig. (9): Specimen from group IIA showing microleakage at gingival and occlusal areas.

A: Occlusal area, B: Gingival area.

DISCUSSION

Analysis of data regarding the overall mean microleakage value from
both the tooth-adhesive interface and the bracket —adhesive interface
revealed a significant higher microleakage values gingivally than occlusally in
all groups, in accordance with many previous studies"”'®'*?” which
observed that the differences between the gingival and the occlusal scores
may be related to the surface curvature anatomy, which may result in
relatively thicker adhesive at the gingival margin resulting in greater
polymerization shrinkage and in turn increasing microleakage.

The mean microleakage values observed at the tooth-adhesive
interface in all groups were similar to nearly all studies.!!"'*!%-2%2122) Thjg
may be explained by the polymerization which starts initially at the
adhesive material close to the light source, so it will harden in this region
and move the free floating bracket closer to the tooth surface and the
adhesive shrinkage far away from the light source will be changed so
microleakage appear at the tooth—adhesive interface.*'*

When the overall microleakage values between RMGI and
composite resin were compared at enamel-adhesive interface, we found
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that significant higher microleakage for Fuji Ortho LC than Transbond XT.
That is related to the difference in the solubility of the adhesive material
which plays an important role in microleakage,*** where the hydrophilic
nature of RMGI cements showed higher dissolution and hydrolysis than
composite.?**” In concordance with Ramoglu et al (2007)*" who evaluated
the microleakage under metallic and ceramic brackets bonded with RMGI
and composite resin. They found that Transbond XT showed less
microleakage than Fuji OrthoLC.

Comparing the mean microleakage values of reinforced polycarbonate
brackets bonded with Fuji Ortho LC and Transbond XT with metallic brackets
bonded with same adhesives revealed a significantly higher microleakage in
reinforced polycarbonate brackets than the metallic brackets regardless of the
adhesive type. This may be attributed to the weak bond strength of plastic
bracket in comparison with conventional metallic one as reported in most
studies.***” Moreover, this weak bond strength of the polycarbonate brackets
were manifested in this study by the detachment of 2 brackets in the group
bonded by RMGI and one bracket in the group bonded by composite resin
following the thermocycling, while no detachment in the metallic bracket
group was observed. The increased strength for metallic brackets may lead to
the close adhesion of the bracket to the adhesive resulting in less microleakage.

Previous studies""~**" have shown the effects of microleakage on
the durability of bonding, while in our study the microleakage may be the
resultant and not the causative factor.

A similar concept was reported by Abdelnaby and Al wakeel
(2010)®” who found that significant negative correlation between bond
strength and microleakage, thesis results disagreed with the results
obtained by James et al (2003)"") who stated that no correlation was found
between microleakage and bond strength. Also with a study held by
Arhun et al (2006)"” who found that increased bond strength with
ceramic brackets resulted in less microleakage compared with the
weaker bond strength for metallic brackets and the resultant of more
microleakage.

Significant higher microleakage values was recorded for ceramic-
reinforced polycarbonate brackets bonded with Fuji Ortho LC than those
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bonded with Transbond XT. This may be attributed to the bonding
system used as most Bis-GMA adhesives provide enough bond strength
for plastic brackets®® but the glass ionomer cement does not.*® The
bond strength of plastic brackets differ from one type to another and this
differences are due to different combination of bracket and adhesive
.59n particular, the bond strength of Fuji Ortho LC was reported to have
less strength than composite resin.***2°36-7

Overall comparison of the bonding system used revealed that no
combination was found to be superior in their microleakage inhibition
property. Although the metallic brackets bonded with both the composite
resin and resin-modified glass ionomer showed less microleakage than
polycarbonate brackets. The polycarbonate brackets even by addition of
ceramic fillers seemed that it was still inferior to the metallic brackets in

this property.
CONCLUSION

1-The overall comparison of the bonding system used revealed that
no combination was found to be superior in their microleakage inhibition
property, although the metallic brackets bonded with both the composite
resin and resin modified glass ionomer showed less microleakage than
polycarbonate brackets. 2-The polycarbonate brackets even by addition of
ceramic fillers seemed that it was still inferior to the metallic brackets in
the microleakage inhibition property.
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