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Comparison of shear bond strength to clinically
simulated debonding of orthodontic brackets:

An in vitro study

Amal Ibrahim Linjawi' and Mona A Abbassy"?’

ABSTRACT

Objectives: To assess in vitro the quantitative and qualitative debonding behavior of the AEZ
debonding plier, compared to shear debonding force, in debonding orthodontic metal brackets.
Materials and Methods: Thirty-two extracted premolars bonded with metal brackets were randomly
divided into two equal groups according to the type of simulated debonding method; compressive bond
strength (CBS) group using AEZ debonding plier (Ormco Corporation, USA) attached to the Instron
machine, and shear bond strength (SBS) group using regular Instron attachments. All teeth
were subjected to debonding forces, and debonding strength was assessed. The buccal surfaces
were then examined, under a stereomicroscope, and adhesive remnants were scored using adhesive
remnant index (ARI). Debonding strengths comparison was performed using the independent sample
t-test. ARI score comparison was performed using the Mann—-Whitney U-test. Correlation between
debonding strength and ARI scores was performed using the Spearman correlation.

Results: There was no significant difference in mean debonding strength between the
SBS (M =6.17 £ 0.77 MPa) and CBS (M = 6.68 + 1.67 MPa) groups (P > 0.05). The CBS group
showed significantly less adhesive remnants than the SBS group (P < 0.05); 62.5% of CBS group
had ARI score 1, whereas 68.8% of SBS group had ARI score 3. No significant correlation between
ARI and debonding strength was found (P < 0.05).

Conclusion: SBS was found to produce similar debonding strength to the AEZ debonding plier
in vitro. However, the AEZ debonding plier resulted in less adhesive remnant which is of great
advantage for reducing chair-time during cleanup after debonding brackets.
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INTRODUCTION

Debonding orthodontic fixed appliances is a critical stage
during and at the end of comprehensive fixed orthodontic
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treatment. Multiple instruments or pliers have been used
and assessed for debonding orthodontic brackets. Some
clinicians used specialized debonding pliers; straight
or angulated.l'""! Others used instruments that are not
manufactured specifically for debonding such as Weingart
pliers, Howe pliers, and straight wire cutters.!'>'3 Multiple
in vitro and some in vivo studies have assessed and
compared the effect of such instruments on the debonding
strength, enamel surfaces, adhesive remnants, as well as on
bracket breakage,*71%121% with varied results.
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The most common type of forces applied at debonding are
shear, tension, compression, and torsion (torque). However,
many factors have been reported to affect the final debonding
strength value. The force application type,?*12161% magnitude,
location,6.16.17.19.21-23] direction,."'9 and angulation®® are some
of the major factors affecting the final bond strength value.
The in vivo versus in vitro environments have also shown to
give different results. The reported bond strength measured
in vivo was found to be significantly lower than that measured
in vitro.2424 Multiple finite element analysis highlighted the
factor of the nonhomogenous distribution of stresses on
the enamel, bracket, adhesive, alveolar bone, as well as on
the periodontium with the different debonding forces applied
at debonding.?%'6.1821 This could be another added attribute to
the great variability of results on debonding strengths reported
in the literature.

The debonding pliers, which are specifically designed for
debonding orthodontic brackets, are designed to produce
shear/peel, compressive, or tensile forces depending on the
type of pliers used, direction (occluso-gingival or mesiodistal),
and location of force application (at bracket wings or bracket
base).l'#51012:1417 Sy et al., compared in vitro four different
methods of debonding using clinically simulated models.
They found that applying a debonding force on the brackets
in an occluso-gingival direction at the bracket base produced
significantly lower bond strength and less adhesive remnants
than applying the same force in the same direction but at the
bracket wings.* Thus, they concluded that force at bracket
base in an occluso-gingival direction is the least damaging
to enamel when using compressive force.*) However, they
used different pliers for the two latter methods, which makes it
difficult to conclude with regards to the best plier or debonding
method to be used. Furthermore, Brosh et al. reported the
opposite results in debonding strength when assessed the two
compressive methods in vivo, with no significant difference in
the amount of adhesive remnants.

Prietsch et al., compared three debonding methods; tensile
force applied by the Instron machine, shear force applied at
bracket base by the Instron machine, and compression force
applied in an occluso-gingival direction at the bracket base
by a specially designed device. They found that the mean
bond strength for shear (7.71 MPa) was statistically higher
than for compression (2.98 MPa) and tension (2.69 MPa) with
no significant difference between the latter two methods.l'"!
However, they did not assess the adhesive remnants or enamel
fracture. They also did not use a standardized measuring
machine for all methods assessed.

Pithon et al., in their in vivo study, used a lift-off debonding
instrument, straight cutter plier, how plier, and the conventional
bracket removal plier. The latter instrument was used to apply a
squeezing force at the bracket base in a mesiodistal direction.
They found that the conventional bracket removal plier as used
in their study seemed to result in a lot of adhesive remnants after
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debonding.['? The objective of the current study was to assess
and compare in vitro; the quantitative and qualitative differences
in debonding behavior between compressive strengths
produced by an AEZ debonding plier at bracket base in an
occluso-gingival direction and shear bond strengths (SBSs) at
bracket base produced by the Instron machine in debonding
orthodontic metal brackets.

MATERIALS AND METHODS

In this in vitro study, two different debonding methods were
assessed and compared quantitatively and qualitatively. The
first method was the regular laboratory method that produced
SBSs by a load applied at bracket base by the blades of
an Instron Universal Testing Machine (ElectroPlus E1000,
Instron, Canton, MA, USA) and directed from gingival to
occlusal [Figure 1]. The second method simulated the clinical
situation where a compressive load at bracket base in an
occluso-gingival direction was applied by an AEZ narrow blade
debonding plier mounted on an Instron machine, as proposed
by Bishara et al.®% and Horiuchi et al. [Figure 2].12%

Sample Preparation

Based on 80% power of the test, 32 sound extracted premolars,
with no obvious enamel cracks, were collected and stored
in distilled water. Teeth were then cleaned, polished with
nonfluoridated pumice and rubber prophylactic cups for
15 s, rinsed with water spray for 10 s, and dried with oil-free
compressed air for 10 s. The buccal surfaces were etched
with 37% phosphoric acid solution for 30 s according to
the manufacturer’s instructions, rinsed with water spray for
20 s, and then dried with oil-free compressed air for 20 s.
All teeth were bonded with metal brackets (Gemini series,
3M Unitek, USA) using Transbond XT light-cured composite
resin (3M, St. Paul, MN, USA), and applied according to
manufacturer instructions. Excess composite was removed
from around the bracket margins with the tip of a probe and
then photo-polymerized from five directions: Above the bracket,
cervical, occlusal, mesial, and distal for 20 s each (Ortholux, 3M
Unitek, Monrovia, CA, USA) (light output, 430—480 nm). Teeth
were then stored in distilled water at 37°C in an incubator for
1 week to ensure complete polymerization of the adhesive resin.
Each tooth was then embedded in an acrylic block so that only
the buccal surfaces are exposed for testing. The sides of the
blocks were trimmed straight to act as a flat surface at which the
blocks were screwed on the attachments of the Instron testing
machine. This method was designed to help properly align
the blades of the testing device parallel to the enamel surface
and secure it in place for standardization. All teeth were then
randomly divided into two groups (n = 16 each); compressive
bond strength (CBS) and SBS groups.

Bond Strength Assessment (Quantitative)

All teeth were debonded using an Instron Universal Testing
Machine with a crosshead speed of 0.5 mm/min and a 50-kg
load cell. However, each group received a different method of
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force loading. The SBS group was subjected to a shear force
produces by the blades of the Instron machine. The force
was applied by the blades on the bracket base and directed
from gingival to occlusal until bond failure occurred. The CBS
group was debonded with a custom-made attachment that was
composed of a regular narrow blade orthodontic debonding
plier (AEZ Debonding Orthodontic Plier, Ormco Corporation,
USA) mounted on the Instron machine. Forces exerted by the
stainless steel blades of the pliers were applied at the bracket
base with a squeezing action in an occluso-gingival direction
until bond failure occurred.

The force at failure, in Newtons (N), was recorded in both
groups. The debonding strength, in megapascal (MPa), was
then calculated as follows:

*  For the SBS group, the SBS was calculated using the
formula F/A, where A is the surface area of the bracket
base

*  For the CBS group, the debonding force by the Instron
was applied at a predetermined constant distance on the
arms of the plier. Thus, the actual compressive debonding
strength was calculated using the formula;

(the actual debonding strength = recorded force [by the Instron
machine] x [b/a]).

Where a is the distance between the blades of the plier at
the bracket base and the fulcrum of the plier, while b is the
distance from the fulcrum of the plier to where the force is
applied on the plier’s arms by the Instron machine [Figure 3].
The conversion factor (b/a) used in this study was calculated
to be 0.55.

Adhesive Remnant Assessment (Qualitative)

All teeth were examined under a stereomicroscope at %10,

and x20 magnifications for the residual adhesives remaining

on the buccal enamel surfaces. The amount of adhesive

remnant was then scored using the modified adhesive remnant

index (ARI)® as follows:

*  Score 0: No retained resin (0%)

e Score 1: <50% retained resin on the enamel surface
(>0-<50%)

*  Score 2: >50% retained resin on the enamel surface
(>50-<100%)

»  Score 3: All resin retained on the enamel surface with
bracket imprint (100%).

Statistical Analysis

Data were analyzed using descriptive statistics to report
the means and standard deviations for the debonding
strengths (MPa) of the two groups assessed, as well as the
number and percentages of teeth for each ARI score. Inferential
statistics for mean comparison in debonding strength values
was conducted using independent sample t-test. Mann—Whitney
U-test was conducted for ARI score comparison between the
groups. Spearman correlation test was used to examine the

SH

Figure |: Diagram showing the shear debonding force applied by the Instron
blades from gingival to occlusal direction at debonding

Figure 2: Diagram showing the compressive debonding force applied by
the AEZ narrow blade debonding plier in an occluso-gingival direction at
debonding

Figure 3: Diagram showing (A) the design of the AEZ debonding plier
mounted on the Instron machine,and (B) how the distances (a) and (b) used
to calculate the actual debonding force are measured

correlation between the debonding strength and the ARI scores.
All data were analyzed using SPSS statistical analysis software
program (version 16.0, SPSS Inc., Chicago, USA). Significance
level was set at (P < 0.05).
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RESULTS

Debonding Strength

No significant difference in the mean debonding strength was
reported between the SBS and CBS groups (P> 0.05). The mean
debonding strength for the SBS group was 6.17 + 0.77 MPa,
and for the CBS was 6.68 + 1.67 MPa [Figure 4].

Adhesive Remnants

Mann—Whitney U-test revealed a significant difference in the
adhesive remnant scores after debonding between the two
groups assessed (P < 0.05). More than 60% of the sample
in the SBS group had ARI score 3 (all resin retained on the
enamel surface with bracket imprint [100%]). On the other
hand, 60% of the CBS group had ARl score of 1 (£50% retained
resin on the enamel surface). Concomitantly, none of the
samples had ARI score (0) where no adhesive remained after
debonding [Table 1].

Correlations

No significant correlation was found between the debonding
strength and the ARI scores in both the SBS (r=-0.282) and
CBS (r=0.577) groups (P > 0.05).

DISCUSSION

The force direction and location applied in the current study
using an AEZ narrow blade debonding plier was similar to
the method developed by Bishara and Fehr,® in which force
was applied at the bracket base on both sides of the bracket
simultaneously (bilateral load) in an occluso-gingival direction.
Bishara and Fehr described such type of force as being similar
to the force applied during a diametral compression test for
tension. They also proposed that such method is an indirect
way of measuring the tensile strength of materials that exhibited
very limited plastic deformation such as ceramics, composites,
and enamel.® Such method was further assessed by Bishara
et al. in 1994 for debonding ceramic brackets.® They found
that debonding with pliers required the application of 30% less
force to the enamel surface than debonding with shear forces
as tested in the laboratory, with no significant differences in the
ARI.®I Thus, they hypothesized that applying the load to the two
sides of the bracket increased the chances of starting a crack
and propagating it in the brittle adhesive causing debonding to
occur at a lower debonding force.”®! Horiuch et al. also adopted
such method as a clinically representative laboratory method.?®!
However, they used it to assess the bond strength between
different types of adhesives but did not use it for assessing
debonding strengths.

Contrary to the findings of Prietsch et al.l" and Bishara et al.,”®!
the current study reported no significant differences in the
debonding strength between shear and compressive forces
when applied at the bracket base. However, a significant
reduction in the amount of adhesive remnants was found
in the current study with the compressive group. The latter
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Figure 4: Mean and standard deviation of the debonding strength
values (MPa) for the two groups assessed. Using independent sample t-test;
no significant difference was found at P < 0.05

Table 1: Number and percentages of teeth under each
adhesive remnant index score for the two groups assessed

Groups ARI scores (%) Total Significant
0 1 2 3 (°/o) (P<0.05)
SBS 0(0) 5(31.2) 0(0) 11(68.8) 16 (100) 0.010

CBS  0(0) 10(62.5) 4(25.0) 2(12.5) 16 (100)

Using Mann-Whitney U-test, a significant difference in the ARI scores' distribution was
found between the two groups (P<0.010). ARI — Adhesive remnant index; SBS — Shear
bond strength; CBS — Compressive bond strength

indicates that the site of bond failure was more toward the
enamel-adhesive interface than the bracket-adhesive interface.
It also shows that the debonding behavior of metal brackets
using the current settings differs than that of ceramic brackets
as reported by Bishara et al.”!

Similar to the findings of Brosh et al.,! no significant correlation
was found between the debonding strength and the ARI scores
in both groups. Thus, the debonding force cannot be used as a
predictor to the bond failure site or enamel fracture.

Holberg et al. in his finite element analysis studies assessed
four directions and locations of forces applied by pliers.3 He
found that the least amount of stress on enamel occurred when
applying lateral rotation force, which is a compressive force in an
occluso-gingival direction but at bracket wings.”? However, he also
found this method resulted in a significantly high stress on the
periodontium.B! In contrast, he found that applying compressive
loads in a mesiodistal direction at bracket wings produced a
moderate maximum stress values on the enamel and alveolar
bone,? but with a negligible effect on the periodontium.B! The
latter method of force application was also found to result in
a bond failure that is at or just close to the enamel-adhesive
interface in vitro"! which could explain the results of the finite
element analysis. Thus, Holberg et al. recommended that lateral
rotation force is the best method to be used for debonding
orthodontic brackets in a healthy periodontium, while compressive
force is the best to be used in a compromised periodontium.=!
However, Holberg did not assess the compressive force in an
occluso-gingival direction at bracket base, which makes it difficult
to compare with the findings of the current study.
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Findings of this study highlight two issues; the first is that
any findings in vitro on SBS using the Instron blades in an
occlusal to the gingival direction at bracket base with similar
laboratory conditions as our study can be generalized to
represent the clinical situation of using AEZ debonding plier
in an occluso-gingival direction at bracket base. The second
issue is that using the AEZ debonding plier resulted in minimal
adhesive remnant and thus less chair-time for cleanup after
debonding, thus giving it an extra advantage over using SBS.

Further studies are needed to assess the debonding behavior
of the AEZ debonding pliers using different forces, methods of
applications, as well as comparing in vivo, in vitro, and finite
element analysis. Furthermore, with the current advances
in technology and science, a standardized protocol needs
to be developed for assessing the debonding problems in
orthodontics to solve the big variability in debonding results
in the literature, hence, aid in reaching comparable findings
for conclusive meanings. As observed, but not investigated
in this study, the AEZ pliers have thick beaks that might
not always guaranteed that the pliers are applied at the
enamel-adhesive interface. Thus, debonding pliers with thin
beaks are recommended.

CONCLUSION

Within the limitations of this study, in vitro testing of SBS by
the Instron blades in an occlusal to gingival direction was
found to produce similar debonding strength as applying the
AEZ debonding plier in a similar direction at bracket base.
However, the AEZ debonding plier resulted in less adhesive
remnant which is of great advantage for reducing chair-time
during cleanup after debonding brackets.
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