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Rebonding of Orthodontic Brackets
Part I, a Laboratory and Clinical Study

Mona A. Montassera; James L. Drummondb; Carla A. Evansc

ABSTRACT
Objective: To compare rebonding of orthodontic brackets based on the hypothesis that no dif-
ference would be found between the adhesive systems with respect to shear bond strength, mode
of failure, and clinical failure rates.
Materials and Methods: The three adhesive systems included two self-etch primers (Transbond
and M-Bond) and a conventional phosphoric acid etch (Rely-a-Bond). The sample size was 20
premolars for each adhesive system. The shear bond strength was tested 24 hours after bracket
bonding with the bonding/debonding procedures repeated two times after the first debonding.
Bond strength, adhesive remnant index (ARI), and failure sites were evaluated for each debond-
ing. Statistical analysis consisted of a two-way analysis of variance (ANOVA) followed by Scheffè
analysis. The clinical portion evaluated 15 patients over a 12-month period.
Results: The mean shear bond strengths after the first, second, and third debondings for Rely-
a-Bond were 8.4 � 1.8, 10.3 � 2.4, and 14.1 � 3.3 MPa, respectively; for Transbond 11.1 � 4.6,
13.6 � 4.5, and 12.9 � 4.4 MPa, respectively; and for M-Bond 8.7 � 2.7, 10.4 � 2.4, and 12.4
� 3.4 MPa, respectively. After the three debondings the mean shear bond strength increased
significantly from the first to the third debonding for Rely-a-Bond and M-bond (P � .001), but did
not change for Transbond (P � .199).
Conclusions: The original hypothesis is not rejected. The two self-etching primers showing higher
or comparable bond strength to the conventional phosphoric etch with less adhesive remnant on
the enamel surface after the first debonding. With repeated bonding/debonding, the differences
in the bond strength, ARI, and failure site were not significantly different. There was no difference
in the clinical performance of the three adhesive systems (P � .667).
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INTRODUCTION

Direct bonding is a significant development in den-
tistry that has been applied in all fields of dentistry in-
cluding orthodontics,1–4 since its introduction by Buon-
ocore5 in 1955. Conventional adhesive systems em-
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ploy three different agents, ie, an enamel conditioner,
a primer solution, and an adhesive resin. Self-etch
systems, on the other hand, combine the conditioning
and priming agents into a single acidic primer solution.
Scanning electron microscopy studies indicate that the
etching pattern of self-etch primers is less deep than
phosphoric acid etching.6,7 However, no correlation
has been found between the morphological pattern of
the etch and the bond strength.8–11

Bracket rebonding is a frequent and undesirable
problem during orthodontic treatment which requires
an understanding of which variable most affects the
bond strength. The literature provides inconsistent
findings regarding the shear bond strength of rebond-
ed brackets with some reporting lower bond strength
while others report comparable or higher bond
strength.12–16 Researchers stress the importance of
clinical studies because of the inherent limitations of
the laboratory studies.17–20
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The hypothesis of this study was that with repeated
bonding, the bond strength, the adhesive remnant in-
dex scores (ARI), and the failure sites of adhesive sys-
tems, two self-etch primers and a phosphoric acid etch
would show no significant differences for bonding or-
thodontic brackets. The study included a clinical com-
ponent in an attempt to correlate the laboratory and
the clinical performance of the bonding systems.

MATERIALS AND METHODS

The in vitro testing used 60 freshly extracted human
upper premolars stored in an aqueous solution of thy-
mol (0.1% weight/volume). The use of extracted hu-
man teeth has been exempted as research that does
not involve human subjects as defined in 45 CFR
46.102(f) under research protocol 1995-0777 from IRB
1, Office for the Protection of Human Subjects, Uni-
versity of Illinois at Chicago. The teeth were embed-
ded in self-curing acrylic resin placed in flexible molds
(Buehler, Lake Bluff, Ill) with only the buccal surface
exposed and oriented parallel to the bottom of the
mold. The teeth were randomly divided into three
equal groups.

The three adhesive systems were Rely-a-Bond fluo-
ride releasing no mix adhesive system with 37% liquid
phosphoric acid for etching (Reliance Orthodontics
Products Inc, Itasca, Ill), Transbond XT light cure ad-
hesive and Transbond Plus Self-Etching Primer (3M
Unitek, Monrovia, Calif), and M-Bond self-cured, two-
part, powder/liquid resin cement with a self-etching
primer (Tokuyama Dental Corporation, Tokyo, Japan).
The first two systems are bis-phenol-A-diglycidyl-
methacrylate (Bis-GMA) resin based, and the third is
4-methacryloxy ethyl trimellitate anhydride (4-META)
resin based.

Premolar stainless steel brackets (Mini twin, Amer-
ican Orthodontics, Sheboygan, Wis) were used. The
buccal surface of each tooth was cleaned with non-
fluoride oil-free pumice paste using a nylon brush at-
tached to a slow-speed hand piece for 5 seconds, and
then the tooth was rinsed with water for 10 seconds
and dried with an oil-free air spray. Brackets were
bonded to the teeth according to the manufacturer’s
instructions for each adhesive system and stored in
distilled water at 37�C until testing.

Bracket debonding was performed 24 hours after
bonding in a universal testing machine (LLOYD Instru-
ments; Segensworth, Fareham, England) with an oc-
clusal-gingival load applied to the bracket, producing
a shear force at the bracket tooth interface. The cross-
head speed was 2.0 mm/min, and the failure load in
Newtons was divided by 10.26 mm2 (bracket bonding
surface as provided by the manufacturer and con-

firmed by measurement) to determine the shear bond-
ing strength in MPa.

After debonding, all visible residual adhesive was
removed with a sharp scaler. The removal of the com-
posite was considered complete when the tooth sur-
face felt smooth and appeared free of composite to
the naked eye under an operatory lamp. The bonding/
debonding procedures were repeated two additional
times using new brackets each time. The same order
of the teeth was kept from the first to the third bonding.

The ARI and failure site assessment was completed
immediately after each shear bond strength debonding
test under 10� magnification. The ARI evaluation
used the 4-point scale of Artun and Bergland21 where
0 indicates no adhesive left on the tooth surface, im-
plying bond fracture occurred at the resin/enamel in-
terface; 1 indicates less than half the resin left on the
tooth surface, implying bond fracture occurred pre-
dominantly at the resin/enamel interface; 2 indicates
more than half the resin left on the tooth surface, im-
plying bond fracture occurred predominantly at the
bracket/resin interface; and 3 indicates all resin left on
the tooth surface, with a distinct impression of the
bracket base, implying bond fracture occurred at the
bracket/resin interface.

The in vivo testing was done on 15 female patients
between 12 and 14 years of age who required com-
prehensive orthodontic treatment with full fixed appli-
ances at Mansoura University, Faculty of Dentistry,
Orthodontic Department. The study followed the
guidelines for clinical studies for the protection of hu-
man subjects as approved by the Faculty of Dentistry,
Mansoura University, Mansoura, Egypt.

The research design adopted a randomized clinical
trial with patients divided randomly into three equal
groups. For the first group Transbond and Rely-a-
Bond adhesive systems were used; for the second
group M-Bond and Rely-a-Bond adhesive systems
were used; and for the third group M-Bond and Trans-
bond adhesive systems were used. Brackets were
bonded with a split-mouth design; the right or left side
application of one material in either arch was alternat-
ed. The same type of bracket used in the in vitro test-
ing was used. The date of placement of each bracket
and the dates of bond failures were recorded in the
patients’ records. Patients were given strict instruc-
tions to record accurately when a bracket failure was
discovered and to contact the clinic immediately. Fail-
ures were recorded when the initial arch wires were
ligated and then on a monthly basis for 12 months. A
similar arch wire sequence and approach to treatment
mechanics were adopted for each case.

Descriptive statistics, including the mean, standard
deviation, and minimum and maximum values of the
shear bond strength were calculated for each of the
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Table 1. Descriptive Statistics of the In Vitro Shear Bond Strengths for First, Second, and Third Debondings of the Three Adhesive Systems

Shear Bond Strength

Rely-a-Bond, MPa

Mean Range

Transbond, MPa

Mean Range

M-Bond, MPa

Mean Range

First debonding 8.4 � 1.8 4.9–12.1 11.1 � 4.6 4.4–18.8 8.7 � 2.7 2.7–13.9
Second debonding 10.3 � 2.4 6.7–14.7 13.6 � 4.5 6.3–20.8 10.4 � 2.4 6.7–16.2
Third debonding 14.1 � 3.3 7.6–18.2 12.9 � 4.4 6.3–22.9 12.4 � 3.4 6.4–20.6

Table 2. Results of Two-Way ANOVA of the Shear Bond Strength for the Variables Adhesive Systems, and the Interaction Between the Two
Variables

Two-Way ANOVA of Shear Bond Strength

Sum of
Squares

Degree of
Freedom F P Value

Adhesive systems 138.86 2 5.92 .003*
Debonding 423.78 2 18.06 �.001*
Adhesive systems � debonding 123.15 4 2.62 .036*

* Significant at P � .05

adhesive systems tested. A two-way analysis of vari-
ance (ANOVA) was performed with the two variables,
the adhesive system, and the bonding sequence. Be-
cause the two-way ANOVA showed significant inter-
action between the two variables, a subsequent anal-
ysis using a one-way ANOVA followed by a Scheffè
post-hoc multi means comparison test when needed
was performed. A Kruskal-Wallis test was used in con-
junction with a Mann-Whitney test to compare the dif-
ferences in the ARI scores, the failure sites, and the
clinical failure rate between the three adhesive sys-
tems. For analysis of the failure site, the ARI scores 1
and 2 were combined to indicate mixed type failure.
Significance for all statistical tests was at P � .05.

RESULTS

Descriptive statistics of the shear bond strengths for
the three adhesive systems at each debonding are
shown in Table 1. The two-way ANOVA, Table 2, in-
dicated a significant difference of the shear bond
strength between the adhesive systems (P � .003),
between the debonding sequences (P � .001), and
the interaction (P � .036) between these two vari-
ables. The one-way ANOVA, Table 3A, indicated after
repeated debonding that the mean shear bond
strength did not change for Transbond (P � .199), but
changed significantly for Rely-a-Bond (P � .001) and
M-Bond (P � .001). The Scheffè post-hoc test showed
that the bond strength increased significantly from the
first to the third debonding for Rely-a-Bond (P � .001)
and for M-bond (P � .001) groups. A significant dif-
ference in the bond strength, Table 3B, was observed
between the three adhesive systems for the first de-
bonding (P � .020) and second debonding (P � .002)

only. The Scheffè analysis showed that Transbond
had a significantly higher bond strength after the first
(P � .036) and the second debonding (P � .009) than
Rely-a-Bond; the bond strength was not significantly
different between Rely-a-Bond and M-Bond after the
first (P � .946) and second (P � .999) debondings.

The results of the Kruskal-Wallis analysis demon-
strated that the ARI scores, Table 4, after the first de-
bonding of the three adhesive systems were signifi-
cantly different (P � .001). The Mann-Whitney test
showed a significantly higher ARI score for Rely-a-
Bond than either Transbond (P � .011) or M-Bond (P
� .001). The ARI scores were not significantly different
between the two self-etching groups (P � .383). The
ARI scores were not significantly different after the
second (P � .098) or third debondings (P � .662) for
the three adhesive systems.

The failure site after the first debonding for the three
adhesive systems was significantly different (P �
.006) between Rely-a-Bond and both Transbond (P �
.046) and M-Bond (P � .009), with no difference be-
tween Transbond and M-Bond (P � .495). The two
self-etching adhesive systems (Transbond and
M-Bond) showed a higher number of failures between
the adhesive and the enamel than Rely-a-Bond, which
showed a higher number of mixed failures. There was
no difference in the failure site between the three ad-
hesive systems after the second (P � .206) and third
debonding (P � .319).

The distribution of the clinical failures for the three
adhesive systems, Table 5, showed no difference in
the overall clinical failure rate (P � .627) between the
three adhesive systems. There was also no difference
in the clinical failure rate in the maxillary arch (P �
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Table 3. Results of One-Way ANOVA Comparing the Shear Bond
Strength for (A) Each of the Three Adhesive Systems After the Three
Debonding Sequences and (B) Each of the Debonding Sequences
for the Three Adhesive Systems

ANOVA of the Adhesive Systems and Debonding

(A) Adhesive Systems

F P Value

Rely-a-Bond 25.27 �.001*
Transbond 1.66 .199
M-Bond 8.59 .001*

(B) Debonding

F P Value

First debonding 4.19 .020*
Second debonding 6.78 .002*
Third debonding 1.05 .358

* Significant at P � .05

Table 4. Frequency Distribution of Adhesive Remnant Index (ARI) Scores for the Three Adhesive Systems after First, Second, and Third
Debondings

Frequency Distribution of Adhesive Remnant Index Scores

N

Rely-a-Bond ARI Scores

0 1 2 3

Transbond ARI Scores

0 1 2 3

M-Bond ARI Scores

0 1 2 3

First debonding 20 2 10 7 1 9 9 1 1 12 7 1 0
Second debonding 20 1 4 15 0 1 6 10 3 0 13 6 1
Third debonding 20 0 1 16 3 0 7 8 5 1 4 9 6

.990) and in the mandibular arch (P � .469) between
the three groups.

DISCUSSION

This study demonstrated a significant difference in
the bond strength between the three adhesive sys-
tems and the debonding sequences. The bond
strength of the self-etch Transbond after the first de-
bonding was significantly higher than M-Bond and
Rely-a-Bond, which were equivalent. This is in agree-
ment with the findings of other in vitro studies.22–26 The
high bond strength with the use of self-etch primers
has been attributed to nanoretentive interlocking be-
tween the enamel crystallites and the resin, potential
resin-to-enamel bonding, and chemical bonding.11,27

After the third debonding, the bond strength was not
different among the three adhesive systems. Trans-
bond demonstrated no change in bond strength from
rebonding, but the other two adhesive systems dem-
onstrated an increase in bond strength. This contra-
dicts reported inconsistent, but generally weaker, bond
strength after repeated bonding with a conventional
adhesive system.15,16 However, in these studies the
bond strength was tested a half hour after bonding vs
24 hours in this study, molars instead of premolars,
and the residual adhesive was removed with a carbide

bur. Numerous sources of variability in the bonding
protocol can affect the bond strength within individual
specimen including premolar/molar crown contour var-
iations, the quantitative aspects of adhesive and force
utilization during bonding, the distance of the point of
force application from the bracket base surface, the
method of adhesive removal, and interfacial charac-
teristics of the bracket adhesive complex.28

The frequency of lower ARI scores after the first de-
bonding was significantly higher in Transbond and
M-Bond than in Rely-a-Bond. In agreement with other
studies,29,30 the ARI scores of the failure site after the
first debonding showed that the two self-etching ad-
hesive systems had a higher number of failures be-
tween the adhesive and the enamel than in Rely-a-
Bond, which had a higher number of mixed type fail-
ures. High ARI values observed with conventional
phosphoric etch systems have been attributed to the
improved mechanical union between the composite
and enamel.24,26,29,30 The ARI assessment is subjective
and can be affected with the mode of observation;
however, previous studies found the system of value
and found that interobserver and intraobserver vari-
ability was low.21,30

Scarring of the enamel after resin removal is well-
documented for the different methods of resin remov-
al31,32 and may partially explain the increase in bond
strength and ARI scores that were observed in this
study after the second and third debondings. These
increases may also be attributed to the presence of
residual adhesive on the surface to which the adhe-
sive used in the second or third bonding can be me-
chanically or chemically bonded.

Asgari et al33 evaluated the clinical failure rate of
Transbond Plus Self Etching Primer in comparison
with 37% phosphoric acid for bonding orthodontic
brackets and found a failure rate of 0.57% in the self-
etching group versus 4.60% in the conventional phos-
phoric acid etch group. On the other hand, in a
6-month study by Ireland et al34 the percentage of in
vivo bond failures was 10.99% in the self-etching
group (Transbond Plus Self Etching Primer) and
4.95% in the conventional phosphoric acid etch group.
In this study the overall clinical failure rates among the
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Table 5. Distribution of Clinical Failure Rates by Tooth Type for the
Three Adhesive Systems

Tooth

Distribution of Clinical Failure Rates

Rely-a-Bond

Placed

Failed

N %

Transbond

Placed

Failed

N %

M-Bond

Placed

Failed

N %

Overall 80 7 8.8 80 4 5.0 80 5 6.3
Maxilla 40 2 5.0 40 2 5.0 40 2 5.0
Mandible 40 5 12.5 40 2 5.0 40 3 7.5

three tested adhesive systems, 8.75%, 5.00%, and
6.25% for Rely-a-Bond, Transbond, and M-Bond, re-
spectively, were not significantly different. This may be
explained by the in vitro shear bond strengths of the
three adhesive systems being within the range (6–8
MPa) considered adequate for routine clinical use.35

To control the confounders, strict criteria for patient
selection were necessary, which made the number of
patients low; however, the number of brackets evalu-
ated was 240. A larger patient sample would be ben-
eficial; however, the observed statistical analysis for
the overall failure rate (P � .627) would probably not
be affected by an increase in sample size. The fact
that the patients were all female is not expected to
impact the clinical portion, due to the increase in fe-
male participation in organized athletics activities, a
possible source of bracket failure.

CONCLUSIONS

• The original hypothesis was essentially confirmed
with the self-etch primers showing comparable or
higher bond strength, a slightly lower ARI, and a
higher failure rate between the enamel and the ad-
hesive than the conventional phosphoric etch after
the first debonding.

• However, after repeated bonding/debonding, espe-
cially in the third bonding/debonding sequence, there
was no difference in the three variables among the
three adhesive systems.

• There was no difference in the clinical performance
of the three adhesive systems.
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