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Influence of Modifying the Resin Coat Application Protocol on

Bond Strength and Microleakage of Metal Orthodontic Brackets

Yasser L. Abdelnabya; Essam E. Al-Wakeelb

ABSTRACT
Objective: To determine the shear bond strength (SBS) and microleakage of metal brackets
bonded with two different adhesives when a resin coat and the adhesive were light-cured
separately or simultaneously.
Materials and Methods: Eighty stainless steel brackets were bonded to the enamel of extracted
premolars, 40 with Transbond Plus adhesive (group 1) and 40 with Transbond XT (group 2). Each
group was subdivided into four equal subgroups; a, b, c, and d. Brackets in subgroups a and b were
bonded with the adhesive without coating. For brackets in subgroup c, Ortho-Choice Ortho-Coat was
applied and cured after curing of the adhesive, while the coat was applied and cured with the adhesive
for brackets in subgroup d. The specimens were immersed in a 2% methylene blue dye. After
debonding, the teeth and brackets were examined with a stereomicroscope. The data were subjected
to a two-way analysis of variance (ANOVA), Duncan multiple range test, and Pearson correlation.
Results: Both adhesives had comparable SBS. Curing of the coat after curing of the adhesive
showed significantly higher SBS than other protocols. There was no significant difference in SBS of
the adhesives without coating and with curing of the coat and adhesive simultaneously. Application
of the coat significantly reduced microleakage. There was a significant negative relationship
between SBS and microleakage.
Conclusions: SBS was significantly improved with curing of the coat and adhesive separately, while
it was not adversely affected when the coat and adhesive were cured simultaneously. Using the coat
with either protocol significantly reduced the microleakage. (Angle Orthod. 2010;80:378–384.)
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INTRODUCTION

Bracket bonding with light-cured composite material
has become increasingly popular in orthodontics. Its
popularity is based on clinically acceptable bond
strength and technical ease of application.1 However,
enamel decalcification (white spot lesion) around and
under the bracket base is a significant problem,
particularly in patients with poor oral hygiene.2 Enamel
decalcifications have been reported in as many as
50% of teeth treated with bonded orthodontic brackets
and in up to 50% of patients.3,4

Microleakage around orthodontic brackets increases
the risk of decalcification. It occurs irrespective of the
curing method, type of adhesive, and bracket type
used.5–8 Upon curing, shrinkage of composite adhesive
may cause a gap between the adhesive material and
enamel surface leading to microleakage, thus facilitating
the formation of white-spot lesions under the bracket
surface area. A gap of 10 mm width was detected at the
adhesive-enamel junction around the bracket base,
within which oral fluids leak and bacterial accumulation
was consistently observed.9 The organic acids produced
by bacteria in dental plaque surrounding fixed applianc-
es lead to demineralization, which occurs when the pH
of the oral environment favors diffusion of calcium and
phosphate ions out of enamel.10

Previous studies11,12 have shown the effects of
microleakage on the durability of bonding. The
enamel-adhesive interfaces exhibit more microleakage
than the adhesive-bracket interfaces, accompanied
with low bond strength.12,13 However, James et al5

could not demonstrate any correlation between micro-
leakage and bond strength. In addition to microleak-

a Associate Professor, Department of Orthodontics, Faculty of
Dentistry, Mansoura University, Mansoura, Egypt.

b Associate Professor, Department of Dental Biomaterials,
Faculty of Dentistry, Mansoura University, Mansoura, Egypt.

Corresponding author: Dr Yasser L. Abdelnaby, Department
of Orthodontics, Faculty of Dentistry, Mansoura University, El
Gomhoreyya St., B.O. Box 35516, Mansoura, Egypt.
(e-mail: dryasserlotfy@yahoo.com)

Accepted: August 2009. Submitted: April 2009.
G 2010 by The EH Angle Education and Research Foundation,
Inc.

DOI: 10.2319/042109-223.1378Angle Orthodontist, Vol 80, No 2, 2010



age, the rough surface of the remaining adhesive on
the enamel surface provides sites for the rapid
attachment and growth of oral microorganisms.14,15

These findings show that, in the presence of poor oral
hygiene, the bonding adhesive may present a risk for
enamel demineralization during orthodontic treatment.

In an attempt to overcome the demineralization
associated with bonded brackets, a low dose of
fluoride application could be used. Fluoride can be
applied through self-administration or professional
means.16 Self-administration methods, such as fluoride
mouth rinses and tooth pastes, are efficient for
reducing white spot lesions, but patient’s cooperation
is essential.16 Professional means of fluoride applica-
tion included fluoride-releasing bonding agents, fluori-
dated elastomeric ligature ties and fluoride varnish.17–20

Coating with a resin veneer has been described as a
valuable method to protect enamel against caries.
However, this approach requires complex operative
procedures.21 A caries-protective adhesive patch,
applied in combination with the orthodontic brackets,
seals the enamel adjacent to the bracket base and
reduces the risk of leakage and decalcification.22 In
addition, good adhesive flash removal is essential in
reducing the amount of plaque accumulation.15,23

A color change adhesive was developed that
possesses a different color from tooth enamel. It
changes its color after polymerization, so it allows
easier removal of excess before curing. More recently,
a fluoride-releasing, light-cured resin coat was intro-
duced. It is used to coat the borders of the bracket
base, adhesive margin, and the surrounding enamel in
order to reduce microleakage and collection of food
and bacteria around and under the brackets. This
coating exhibited no adverse effect on bond strength of
bonded metal brackets.24 The present study was
conducted to evaluate the effect of modifying the
application protocol of a fluoride-releasing light-cured
resin coat on bond strength and microleakage of
metal orthodontic brackets bonded with two different
adhesives.

MATERIALS AND METHODS

Eighty recently extracted human maxillary first pre-
molars with no visible enamel defects, restorations, or
caries were collected, cleaned, and stored in a 0.1
aqueous thymol solution. They were polished with
pumice and rubber cups. They were randomly divided
into two equal groups. Standard twin edgewise metal
orthodontic brackets (American Orthodontics, Sheboy-
gan, Wis) were used in this study with an average base
area of 11.85 mm2. The brackets were bonded to the
enamel of the buccal surfaces of the teeth using either
Transbond Plus color change adhesive (3 M Unitek,
Monrovia, Calif) for group 1 or Transbond XT adhesive
(3 M Unitek) for group 2. Bonding procedures were
performed according to manufacturer’s instructions.
Each group was further subdivided into four equal
subgroups; a, b, c, and d (10 specimens each). Two of
the subgroups were bonded with the adhesive without
coating while the other two were bonded and then
coated with a fluoride-releasing light-cured resin (Ortho-
Choice Ortho-Coat, Pulpdent, Watertown, Mass) using
two different application protocols. A description of the
materials used is presented in Table 1.

Bonding and Coating Procedures

For all specimens in groups 1 and 2, enamel
surfaces were etched with 37% phosphoric acid gel
(Ivoclar, Vivadent, Schaan, Liechtenstein) for 30 sec-
onds, thoroughly rinsed with an oil-free air-water spray
for 15 seconds and dried with oil-free compressed air.
A thin coat of Transbond XT primer was applied on the
etched enamel.

For subgroups 1a and 1b, Transbond Plus adhesive
paste was applied to the base of the bracket and
pressed firmly onto the tooth. For subgroups 2a and
2b, Transbond XT adhesive was used. For both
adhesives, the excess was removed from around the
base of the bracket, and the adhesive was light-cured
(Megalux, Mega-Physik Dental, Germany) on each
interproximal side for 10 seconds.

Table 1. Materials Used in the Study

Materials Composition Manufacturer Batch No.

Transbond XT primer Bisphenol A diglycidyl ether dimethacrylate, triethylene glycol di-

methacrylate

3 M Unitek, Monrovia, Calif 8FE

Transbond Plus adhesive Silane-treated quartz, glass reacted with hydrolyzed silane, polyeth-

ylene glycol dimethacrylate, citric acid dimethacrylate oligomer,

silane-treated silica, bisphenol A diglycidyl ether dimethacrylate

3 M Unitek 7BR

Transbond XT adhesive Silane-treated quartz, bisphenol A diglycidyl ether dimethacrylate,

bisphenol A bis(2-hydroxyethyl ether) dimethacrylate, dichlorodi-

methylsilane reaction product with silica

3 M Unitek 8CY

Ortho-Choice Ortho-Coat Uncured acrylate resins, silica, amorphous hydrofluoric acid Pulpdent Co, Watertown, Mass 080411
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For subgroups 1c and 2c, similar procedures were
followed as in subgroups 1a and 1b and 2a and 2b,
respectively. After curing the adhesives, the fluoride-
releasing resin coat was applied around the bracket
base and the surrounding enamel margins. The coat
was light-cured from the mesial and distal sides for
20 seconds.

For subgroups 1d and 2d, similar procedures were
followed as in subgroups 1c and 2c, respectively, but
the resin coat was applied immediately after removing
the excess adhesive (before curing of the adhesive).
Both the adhesive and the coat were cured together for
20 seconds from the mesial and distal sides.

After bonding, the specimens were stored in distilled
water at 37 6 1uC for 4 weeks. Next, all of the
specimens were thermocycled 500 times between two
water baths held at 5uC and 55uC with a dwell time of
30 seconds in each bath. The teeth in all groups were
embedded in autopolymerizing acrylic resin (Duracryl,
SpofaDental-Praha) poured in plastic rings, with the
buccal surface up. Specimens in all groups were
immersed in a 2% methylene blue dye for 24 hours
except specimens in subgroups 1a and 2a. These
specimens were prepared to study the effect of dye
immersion on bond strength for each adhesive.

Debonding Procedures and Assessment
of Microleakage

Shear bond strength (SBS) testing was carried out
for all groups using a universal testing machine
(Lloyed, Type 500, Lloyed Instrument, England). The
specimens were subjected to a shear load at a
crosshead speed of 2 mm/min until failure. The load

was applied under the incisal wings of each bonded
bracket and parallel to the long axis of each mounted
tooth. The load required to dislodge each bracket was
recorded in newtons, and the shear bond strength was
calculated in MPa by dividing the load by the cross-
sectional area of the bracket base.

After debonding, the teeth and brackets were
examined under 203 magnification with a stereomi-
croscope (Olymbus SZ 60, Japan) to evaluate micro-
leakage as well as the mode of failure. Microleakage
was assessed by measuring the deepest dye pene-
tration (mm) on the tooth surfaces at right angle to the
bracket margin and bracket base.5 The mode of bond
failure was determined on the basis of the amount of
adhesive remaining on the tooth using the adhesive
remnant index (ARI). The ARI has a range of 0 (no
adhesive left on the enamel surface) to 3 (all adhesive
left on the enamel surface). Less than 50% of the
adhesive left on the enamel is 1, while more than 50%
of adhesive left on the enamel is 2.

Statistical Analysis

The mean SBS (MPa), microleakage (mm), and
standard deviations were calculated for all groups. The
data were subjected to a two-way analysis of variance
(ANOVA) and Duncan multiple range test. Pearson
correlation coefficient was used to describe the
relationship between microleakage and bond strength.
The chi-square test was used to determine significant
differences in the ARI scores. Significance for all
statistical tests was predetermined at P , .05.

RESULTS

The two-way ANOVA results of bond strength are
presented in Table 2. There was no significant
difference in SBS between the two adhesives (P 5

.8648). On the other hand, there was a significant
difference in SBS in each adhesive based on the
application protocols of the resin coat (P , .0001).
There was no significant interaction between the type
of adhesive and application protocols (P 5 .8135).
Mean SBS, standard deviations (MPa), and results of
the Duncan multiple range test for both adhesives are

Table 2. Two-Way Analysis of Variance Showing the Effect of Type

of Adhesive and Application Protocols of the Resin Coat on Shear

Bond Strength

Source of Variation df SS MS F P-value

Type of adhesive 1 0.303811 0.303811 0.03 .8648

Application

protocols 3 266.819773 88.939924 8.53 , .0001

Interaction 3 9.896093 3.298697 0.32 .8135

Error 72 750.618110 10.425252

Table 3. Mean Shear Bond Strengths, Standard Deviations, and Results of the Duncan Multiple Range Test of the Two Adhesives Without

Coating and With Coating Using Two Application Protocols

Application Protocols

Mean Shear Bond Strength and Standard Deviation, MPaa

Transbond Plus Transbond XT Overall Mean

Without coating 10.6 6 2.4B 11.5 6 3.6B 11.0B

Without coating and dye immersion 10.8 6 2.9B 11.2 6 3.0B 11.0B

Curing of coat and adhesive separately and dye immersion 15.9 6 3.9A 14.9 6 2.0A 15.4A

Curing of coat and adhesive simultaneously and dye immersion 11.6 6 4B 11.8 6 3.5B 11.7B

Overall mean 12.2 12.4

a Means with the same superscripted letters in each column are not significantly different at P , .05 according to the Duncan test.
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expressed in Table 3. A graphical presentation of
these values is shown in Figure 1. For both adhesives,
dye immersion of specimens bonded without coating
exhibited no significant effect on SBS (P . .05). Curing
of the resin coat and the adhesive separately showed
significantly higher values compared with the other
application protocols (P , .05). There was no
significant difference (P . .05) in SBS of the adhesives
without coating and with curing of the coat and
adhesive simultaneously.

The two-way ANOVA results of microleakage (Ta-
ble 4) indicated that there was no significant difference
between the two adhesives (P 5 .5677). On the other
hand, there was a significant difference in each adhesive
based on the application protocols of the resin coat (P ,

.0001). There was no significant interaction between the
type of adhesive and application protocols (P 5 .3291).
Mean microleakage, standard deviations in millimeters,
and results of the Duncan multiple range test for both
adhesives are expressed in Table 5. A graphical
presentation of these values is shown in Figure 2. In
both adhesives, applying the adhesive without coating
showed significantly higher microleakage values com-
pared with either of the coating protocols (P , .05).

Curing of the resin coat and the adhesive separately
exhibited the lowest microleakage values. No significant
difference (P . .05) was found in microleakage between
specimens in which the coat and adhesive were cured
separately and that in which the coat and adhesive were
cured simultaneously.

In general, correlation analysis between microleak-
age and SBS indicated a significantly negative relation-
ship (r 5 20.318, P , .05). Within each adhesive,
correlation coefficient values were 20.376 and 20.247
for Transbond Plus and Transbond XT, respectively.
The results of chi-square test (Table 6) indicated that
for both adhesives, bond failure occurred most fre-
quently at the adhesive-enamel interface (most of the
adhesive left on the enamel). No significant difference
was found in ARI scores between the two adhesives as
well as within each adhesive using different application
protocols of the resin coat.

DISCUSSION

In the present investigation, aging of the specimens
for 4 weeks and thermocycling were performed as the
hypothesis was based on the microleakage after some
service life in the mouth. For each adhesive, all aged
specimens were immersed in the dye and then tested
for bond strength with the exception of specimens of
subgroups 1a and 2a. These two subgroups were used
as control for each adhesive in order to study the effect
of the dye on bond strength. The results revealed no
significant effect of the dye on bond strength.

The results of the current study showed that both
adhesives had comparable bond strength. This may be
attributed to the close similarity in their chemical

Figure 1. Mean shear bond strength 6 SD in MPa of the studied adhesives without coating and with coating using two application protocols.

Table 4. Two-way Analysis of Variance Showing the Effect of Type

of Adhesive and Application Protocols of the Resin Coat on

Microleakage

Source of Variation df SS MS F P-value

Type of adhesive 1 0.002281 0.002281 0.33 .5677

Application

protocols 2 2.860210 1.430105 207.19 , .0001

Interaction 2 0.015663 0.007831 1.13 .3291

Error 54 0.372730 0.006902
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composition (Table 1), application procedures, as well
as using the same etchant and primer. For both
adhesives, curing of the resin coat and adhesive
simultaneously showed an increase in SBS that was
not significant, while curing of the resin coat and
adhesive separately exhibited a significant increase.
This could be due to increase in irradiation time of the
adhesive from 20 seconds in the former to 40 seconds
in the latter. The increase in curing time may enhance
polymerization as it increases degree of conversion
(DC) from monomer to polymer. These observations
are in agreement with another study,25 which stated
that bond strength increased proportionally with
increase of irradiation time up to 40 seconds. It was
reported that the efficiency of light-cure bracket
bonding mainly depends on the energy absorbed by
light-cured composite, which depends on energy
density of the light. Energy density is the product of
power density and curing time.26

Concurrently, it was documented that greater light
energy generally results in increased flexural strength
and fracture toughness, which usually correlate with
greater bond strength.27 The finding of the present study

agreed with a previous study24 suggesting that applying
fluoride-releasing resin coating after curing of the
adhesive had no adverse effect on bond strength.
However, no significant increase in bond strength was
obtained in that study compared with the present study.

In the current study, both adhesives without coating
exhibited significantly high values of microleakage.
This could be attributed to the differences in the linear
thermal coefficients of expansion of enamel, metal
brackets, and the adhesive systems. Metal brackets
contract and expand more than enamel or the
adhesives, producing microgaps between the bracket
and the adhesive and causing leakage of oral fluids
and bacteria beneath the brackets.28,29 A fluoride-
releasing resin coat applied in either protocol produced
a significant reduction in microleakage. This probably
occurred because the resin coat may act as a barrier
around the bracket and the adhesive edges, which
prevents entry of the dye beneath the bracket. In
addition, it may absorb some of the shrinkage that
occurred during curing of the adhesive.

Several factors affect bond strength of brackets,
such as adhesive system used, composite composi-

Figure 2. Mean microleakage 6 SD in mm of the studied adhesives without coating and with coating using two application protocols.

Table 5. Mean Microleakage, Standard Deviations, and Results of the Duncan Multiple Range Test of the Two Adhesives After 24 Hours

Dye Immersion

Application Protocols

Mean Microleakage and Standard Deviation, mma

Transbond Plus Transbond XT Overall Mean

Without coating 0.54 6 0.10A 0.48 6 0.16A 0.50A

Curing of coat and adhesive separately 0.02 6 0.01B 0.03 6 0.02B 0.02B

Curing of coat and adhesive simultaneously 0.06 6 0.04B 0.08 6 0.03B 0.07B

Overall mean 0.20 0.19

a Means with the same superscripted letters in each column are not significantly different at P , .05 according to the Duncan test.
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tion, photopolymerization type, and exposure time.
Although not evidence-based in orthodontics, micro-
leakage may also contribute to the bond strength. The
finding of the present study indicated a significant
negative correlation between bond strength and
microleakage, which disagreed with the results ob-
tained by James et al,5 who stated that no correlation
was found between microleakage and bond strength.
With respect to the ARI scores, most of the adhesive
remained on the enamel surfaces of the specimens in
all groups, without coating and with coating using
either protocol. Although there was a change in bond
strength, the nonsignificant change in the ARI scores
revealed that mode of failure of bonded brackets
depends not only on bond strength of the adhesive but
also on many other factors.30 These findings indicated
that resin coat had an unnoticeable effect on the ARI
scores of both adhesives.

CONCLUSIONS

N Both adhesives showed comparable SBS.

N Curing of the resin coat and adhesive separately
produced a significant improvement in SBS.

N Curing of the resin coat and adhesive simultaneously
did not adversely affect SBS, which makes it
successfully save chair-side time.

N Use of the resin coat with either protocol exhibited a
significant reduction in microleakage.

N There was a negative correlation between SBS and
microleakage.
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