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ABSTRACT

The initial tensile bond strength of new and reused stainless steel brackets using
various orthodontic adhesives was studied. Samples of 80 new stainless steel brackets
and 80 reused stainless steel brackets were bonded with Enlight, Self-etched +
Transbond XT and Transbond XT (light-cured adhesives) and Unite (self-cured
adhesive). The samples then underwent a tensile bond strength test with a Universal
Testing Machine within 1 minute of bonding with light-cured adhesives, and 4 minutes
with Unite adhesive. The results showed that there was a statistically significant
difference in initial tensile bond strength between new and reused brackets at p<0.05.
The new brackets had higher initial tensile bond strength than the reused brackets.
Moreover, both new and reused brackets bonded with Unite had higher initial tensile
bond strength than those brackets bonded with light-cured adhesives. Among all tested
light-cured adhesive groups, it was found that there was no statistical difference in

initial tensile bond strength.
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CHAPTER 1
INTRODUCTION

Bonding of attachments becomes a routine clinical procedure since 1980s.
The increase number of this application had led to the development of several
methods by which the used brackets can repeated usage (1). Consequently, the major
benefit of reused brackets is the reduction in cost per case. The main objectives in
using the reconditioning stainless steel brackets in orthodontic clinic are bracket
reposition and bond failure especially in transferred cases where bracket prescription
may be various.

By using the reused brackets, the prescription of the brackets are the same with equal
torque, angulation and in-out position.

Orthodontists are commonly faced with the decision of what to do with
debonded or inaccurately positioned brackets that require repositioning during
treatment. One solution is to recycle the brackets. The aim of any bracket recycling
system is to remove adhesive from the bracket base completely without causing
structural damage, in order to eliminate all impurities related to orthodontic treatment,
so that the bracket can be rebonded to enamel producing a new adhesive bond of
adequate strength (2).

Before reusing an orthodontic bracket, the following elements should be
considered: reconditioning of the enamel surfaces, the use of new brackets or reused
brackets, and the bonding system to be used. Many studies have shown the effect of
reused brackets on bond strength (3-6), alteration in bracket slot tolerance (7),
physical distortion of bracket (7), and a reduced resistance to corrosion (2,7,8).

The bond strength of a rebonded bracket has been reported to exceed the
minimum force requirement of 6 to 8 MPa (4,9-11). Some authors have reported that
rebond strength is lower (4,12), while others have reported that it is either comparable

to (4,10) or greater than (13,14) that of the original bond. The differences can be
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attributed to differences among bonding systems and bracket types used (15) or the
method of reconditioning of enamel surface and bracket base.

In a review of the adverse effects of the reconditioned brackets, it is proposed
that the experimental trials should be undertaken to determine whether the properties
of stainless steel brackets would be affected by reconditioning process.

The method of heating by alcohol lamps is one of the most popular technique
in clinical use among orthodontists. In the past, there was no report on the effects of
reconditioned brackets by the heat from alcohol lamps on initial tensile bond strength.
Accordingly, it would be necessary to assess the initial tensile bond strength by using
various orthodontic adhesives.

Failure type is of clinical importance (16). When the fracture occurs mainly
at the resin-enamel interface, it allows for easy removal of excess resin. This is
preferable from the practitioner’s standpoint, as the optimum bonding system is one
that results in sufficient bond strength to retain the bracket during active orthodontic
tooth movement while allowing speedy removal of brackets and complete removal of
residual resin from tooth surfaces at the end of treatment.

For clinical purpose, rebonding process of reused brackets should be tested
for initial tensile bond strength to ensure adequate initial adhesive bond strength. In
this study, the initial tensile bond strength of new and reused brackets were compared.
Furthermore the tensile bond strength of both new and reused brackets using various
light-cured and self-cured adhesive were evaluated and compared. The results may be
beneficial for orthodontists to choose the effective adhesive when reused brackets are
rebonded. Finally, the difference in failure site was examined in order to explain the

cause of bonding failure.
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Objectives of this study

1. To determine and compare initial tensile bond strength between new and
reused stainless steel brackets using 4 types of orthodontic adhesives

2. To determine and compare initial tensile bond strength between light-
cured and self-cured orthodontic adhesives

3. To examine and compare site of bond failure after debonding of new and

reused stainless steel brackets using 4 types of orthodontic adhesives

Hypothesis

1. There are no statistical differences in initial tensile bond strength
between new and reused stainless steel brackets using 4 types of orthodontic
adhesives.

2. There are no statistical differences in initial tensile bond strength
between light-cured and self-cured orthodontic adhesives.

3. The site of bond failure after debonding are independent of bracket and
adhesive type.
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CHAPTER 2
LITERATURE REVIEW

Following the advent of direct bonding during the 1970s, techniques evolved
for reconditioning brackets so that they could be reused, thereby reducing the cost per
case. Although the use of reconditioned orthodontic brackets on economic grounds
remains a contentious clinical practice, it requires the clinician to determine that there
is no adversely effect on bracket performance (2,17,18).

Bond failure can occur clinically for many reasons and, occasionally, it may
be desirable to intentionally debond a bracket and replace it in a more favorable
position (10). Many factors predisposing to bond failure have been described.
Occlusal stress during function is a major cause of debonding (19,20). In patients with
excessive overbite, mandibular anterior brackets are especially susceptible to
increased occlusal forces and failure (21). Occlusal forces also play a role in
mandibular canine failure in the form of "tripping" during canine retraction (21).
Excessive force can also be produced by arch wire engagement (22). Failure,
especially with posterior teeth has been linked to poor access and moisture
contamination, leading to inadequate enamel preparation (20-22). Increased resin
thickness, in vitro, has been shown with both no-mix and paste-paste resins to produce
decreased tensile bond strength (23). Clinically, increased resin thickness is associated
with unusual buccal contour, especially with morphologically diverse posterior teeth
(24). In vitro bond strength of anterior teeth is greater than that of posterior teeth (24).
Disturbance of the bracket during polymerization can lead to cohesive failure of the
resin (20). Bracket base size and design combinations will produce different bond
strengths (20,22). Over the course of treatment, degradative processes in the oral
cavity could also lead to bond failure (20).

Reconditioning of stainless steel brackets is of current interest to the
profession. The adverse effects presented by the reuse of brackets have been examined

in several orthodontic literatures such as



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Orthodontics) / 5

1. Shear and tensile bond strength (9,10,13,16).

2. Corrosion susceptibility, slot enlargement and base flattening (1,2,7,18).
3. Frictional resistance (1,2,7,18).

4. Release of metal ions that can stain the teeth or induce a hypersensitive

reaction in the oral tissue (25,26).

Reconditioning methods for recycled metal brackets

Currently, there is increasing interest in the recycling of metallic direct-
bond orthodontic brackets. It should be careful when remove bracket from the tooth
since poor stripping will cause distortion by either breakage or crushing of the slot
channel and/or base, or both. A number of companies, including Esmadent, Ortho-
Cycle, and Ortho Bonding, offer such service, and the price per bracket is
significantly lower than the price of new appliances (7). The companies involved in
recycling process have indicated that brackets observed to have obvious distortion will
be returned without being recycled. There are various methods suggested in recycling
metallic orthodontic brackets. The steps in recycling or reconditioning involve
removal of the bonding agent from the bracket and sometimes electropolishing
afterward. There are many types of reconditioning techniques such as

1. Thermal reconditioning used by Esmadent company (4,7,27).

2. Using chemical solvent used by Orthocycle company (4,7,27).

3. Mechanical technique to remove resin such as sandblast, green stone bur
4).

Removal of acrylic bonding agent, which is usually a type of thermosetting
filled resin, is the most critical part of the recycling process and requires either long
exposure to the heat or special procedures, such as the use of solvent. These methods
are accomplished prior to any cleaning and polishing procedures. A Complete
decomposition (pyrolysis) of acrylics occurs at around 770°C (7,28). Even at
temperatures of up to 416°C ,polymethylmetracrylate, a noncross-link thermoplastic
resin and less thermo-resistant than most acrylics used in dental procedures (7,28,29),

is only degraded and not pyrolyzed. In general, the pyrolysis of acrylics forms acids
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(7,30), which are possible sources of metallic intergranular attack (7,31). Thus, from
this information, it is likely that for complete decomposition of the bonding agent to
occur when heat is used, the temperature of the process would likely be in the
sensitization if not the heat-softening range of the metal.

The use of the heat is a critical factor in the recycling processes because of its
influence on the microstructure of the brackets which are made of austenitic stainless
steel (29). If this steel is heated to the temperature between 400°Cand 900°C,
chromium carbide precipitate is formed and, as result, a partial disintegration of the
alloy occurs. This phenomenon leads to a general structure weakening. In addition, the
loss of chromium from metal via the carbide precipitation causes a decrease in the
corrosion resistance of the alloy (32). Temperatures above 650°C will anneal (soften)
the metal and its properties of hardness, and the tensile strength cannot be restored
(33). It is interesting to note that Company Esmadent s process falls in the
temperature range that creates carbide precipitation thereby leading to a decrease in
corrosion resistance.

Temperature thresholds are very important. Exposure to heat may lead to
stress relieving or softening of cold-worked metal along with decreasing its corrosion
resistance. At the same time, this may produce a layer of metal oxide, or scale, on the
metallic surface which would have to be removed by electropolishing, thus leading to
a possible slot widening in a bracket (31).

Electropolishing of the recycled bracket to reduce any surface unevenness or
roughness is an important step. It is not only from the standpoint of patient comfort
but also to reduce the tendency toward tarnish or corrosion during the use (29). It was
found that electropolishing takes only 15 to 30 seconds (34,35) and the current density
is greatest at the edges and protrusions and very low in crevices (31,36). Thereby, the
amount of metal removed from a bracket is considered negligible (35) and the slot
configuration should be insignificantly affected. Excessive electropolishing will
enlarge the arch wire slot and decrease the precision of the torque control between the
arch wire and the bracket.

The build up of an oxide layer, as a result of the heat, can cause several
problems such as blocking mechanisms, obstructing vertical slots, and leading to the

loss in spring resiliency. Another undesirable effect of the thermal procedure is the



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Orthodontics) / 7

clogging of the base by char (black specks) or by filler (white specks). Both act as
false supports for the subsequent bonding step and have to be eliminated. Char should
be removed through a more complete pyrolysis, which filler can be cleaned through
ultrasonic cleansing. If these techniques cannot give a good result, more

electropolishing is needed (18).

Effects of reconditioning process

The potential effects of reconditioning a bracket are dependent upon the
following factors : the type of process used , the type of steel from which the bracket
is constructed , and the nature of the bracket base (2) . The recycling process may
also produce three inferior points including a small alteration in the bracket slot
tolerance, physical distortion of the bracket, and corrosion of metal. Although clinical
use of appliances can lead to some minor deformation, the debonding step is
accounted for most bracket distortions and damages (37) . A study of mechanical
impact of the different debonding methods on bracket’s integrity and the search for
the most reliable debonding method was conducted (18).

Furthermore, the effects of the recycling have been summarized by Matasa in
1989 (18). He classified the effects of the recycling into three categories: effects
produced by debonding procedure, effects produced by the heat cycle, and effects

produced as a result of electropolishing (Table 1).



Lawan Saipornchai

Literature Review / 8

Table 1 The effects of the recycling process summarized by Matasa in 1989

(18).

Effects of debonding

Slot closing

Base shape alteration

Under tie wing area closing

Tie wing gap (Siamese brackets)

narrowing

Power arm distortion

Effect of heat recycling

Steel corrosion

Structural metal weakening

Clogging of base mesh with debris

Vertical slot obstruction

Blocking of mechanisms : SPEED
and ACTIVA brackets

Effects of metal removal due to

electropolishing

Slot enlargement

Wings sharpen (Power chain and O
rings fail)

Base flattening : pitch of mesh is

reduced

Dissolution of brazing or welding on

bracket base

Power arm thinning

Undercuts shaved , seen most
dramatically with sintered metal
particle bases (SPEED) where bond

strength is severely reduced
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The heat or inclusion from the electropolishing phase may result in an
increase in corrosion susceptibility, slot enlargement and base flattening (1,2,7,18).
Electropolishing may affect brackets with an undercut base by opening up the
retentive undercuts and smoothing the base. This way, a decrease in retention can
occur, even though the base may be restored by the addition of an etching process
(6,38). The physical changes induced by the reconditioning of brackets may also
include an alteration in the slot tolerance (1,2,7,18). This potentially influences sliding

mechanics by affecting frictional resistance.

Principles of adhesion

Since Buonocore (39) introduced the acid etch bonding technique in 1955,
the concept of bonding various resins to enamel has developed applications in all
fields of dentistry including the bonding of orthodontic brackets (40,41). This
approach has several advantages such as enhanced ability for plaque removal by the
patient, minimizing soft tissue irritation and hyperplastic gingivitis, elimination of the
need for separation, absence of posttreatment band spaces, facilitation of application
of attachments to partially erupted teeth, minimizing the danger of decalcification
with loose bands, easier detection and treatment of caries, and a much more esthetic
appearance for the patient (42). By the late 1970s, bonding of orthodontic brackets
became an accepted clinical technique (43,44).

To consider and classify the resulting bond mechanisms holding bracket to
the teeth, it is helpful to use the term “bonding” for the desired outcome. This can be
subdivided into two components (45)

1. Adhesion (chemical)

2. Attachment (mechanical)

Thus : Bonding = Adhesion + Attachment

Under adhesion , all those contributions to bonding attributable to specific
molecular interlinking via hydrogen bonds, London forces, and other Van der Waals
forces. Under adhesion, the kind of molecular chain intermeshing or interpenetration

of networks now known to be formed at the dentin-bond hybrid zone. Under
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attachment, especially of the so-called “tag” formation established with acid-etched
dental enamel. This arises in situations where a highly rigid but porous substrate
allows penetrating resin flow and solidification in situ. Mechanical interlocking is
thereby attained, and this is a situation relatively insensitive to the gradual agency of
adsorbed water competing for chemical bonds at the interface. Similarly, at the
bracket/adhesive interface, attachment is the dominant contribution to bonding via the
gross surface “undercut” detail of the fitting surface. It follows from the preceding
considerations that orthodontic adhesives should have suitable flow properties, giving
wettability and penetration without undue slumping or bracket drift. The adhesives
should furthermore be designed to undergo rapid initial set and to minimize setting
shrinkage. Their overall water-absorbing tendency should be minimal (45).

The ability of an adhesive to wet the surface of the adherent can be measured
by the contact angle of a drop of liquid on the surface. Mechanical of low free surface
energy will not be easily wetted. The surface energies of many surfaces may be
increased by treatment in various ways. Enamel surfaces are treated by acid etching
which increases the surface energy (27,46,47).

The contact angle of a liquid on a reasonably smooth surface is an inverse
measure of the degree of surface wetting of the surfaces. The contact angle depends
on the surface energy of the solid and also on the surface tension of the liquid. Surface
tension effects arise from the different balance of intermolecular attractions of
molecules at a surface from those in the bulk of a material (27,46,47).

For low contact angle values to be achieved the surface tension of the fluid
adhesive should ideally be lower than the critical surface tension of the solid.
However, for rapid capillary penetration of a porous surface a reasonably high surface
tension may be advantageous (27,46,47).

Requirement for setting adhesive systems (27,46,47)

1. The adhesive must give good wetting of the adherent.

2. The adhesive should have a suitable viscosity to enable its flow readily
over the surface of adherent.

3. The setting of the adhesive should occur without excessive dimensional

changes that is little expansion or contraction.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Orthodontics) / 11

4. The thickness of adhesive layer is important: a great thickness can lead to
poor bond strength.

5. The strength of the set adhesive must be taken into account.

Consequently, the majority of the studies in this area of orthodontics have
focused on evaluation of the physical and mechanical properties of the adhesive resins
and sealants used for direct bracket bonding, including the early and long-term bond
strength and the condition and appearance of the enamel after debonding. The main
problem was the elimination of the resin layer that remained adherent to the enamel,
with the resin tags penetrating into the enamel being the most important issue. These
resin tags were usually subject to some discoloration due to the aging process and
absorption of oral fluid components. This tooth discoloration caused some aesthetic
problems and obvious patients concerns. Advances in the field have led to the

development of new materials with improved properties (45).

Enamel-Adhesive resin interface (45)

It has been documented that the micromechanical retention of resin
composites to acid-etched enamel may not be due only to formation of resin tags but
also to the formation of an interfacial resin-enamel interdiffusion zone within the
lateral sites of the remaining enamel protuberances (Fig 1). This is similar to
intertubular dentin hybridization in dentin adhesive systems and may explain the high
bond strength values obtained from enamel, even when decreased acid-etching times
are involved. Incorporation of several hydrophilic monomers into enamel bonding
agents facilitates resin infiltration of etched enamel at the prism level, reducing
interfacial porosity and thus bonding defects. Based on these concepts, several new
orthodontic adhesives have been introduced to improve bond strength and interfacial
integrity. However, it must be emphasized that enhancement of bond strength may

compromise safe debonding.
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Figure 1 Schematic representation of the bonding mechanism between
phosphoric acid-etched enamel and orthodontic resin adhesives. The original concept

of micromechanical retention due to resin tag formation has been revised.

Enamel etching

Phosphoric acid has remained the primary etchant since its initial
introduction by Bounocore. Studies indicated that a phosphoric acid concentration of
between 30% to 40% results in the most retentive etching pattern (48,49). For most
current clinical phosphoric acid applications, a 37% acid concentration is used.

Orthodontists use the acid-etch bonding technique as a primary means of
attaching brackets to the enamel surface. Maintaining a sound unblemished enamel
surface is a primary clinical concern when debonding the brackets after orthodontic
treatment. Enamel fracture and cracks have been reported at the time of bracket
debonding (50). It is possible that the depth of the etched surface created by
phosphoric acid may be a contributing factor to the incidence of enamel fracture (51-
53). Therefore, to minimize the extent of the enamel surface damage, alternative
conditioners, such as maleic acid, have been used to obtain clinically useful bond
strengths by decreasing the depth of enamel dissolution.

With the introduction of the new acid-etch primers that combine both the

acid etchant and the primer of adhesive, it became possible for the clinician to both
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eliminate one of the steps during the bonding procedure and minimize the amount of
enamel lost during etching (53). This is because the new acid-etch primers do not
penetrate or dissolve the enamel surface to the same depth as conventional systems

that use phosphoric acid (53).

Self-etching primer

Orthodontists commonly use the acid-etch bonding technique when attaching
brackets to the enamel surface. Manufactures recommend phosphoric acid etching for
a composite resin adhesive and polyacrylic acid etching for a resin-modified glass
ionomer cement. Both phosphoric acid etching and polyacrylic acid etching require
rinsing and drying after application of the etching reagent. The etching procedure is
sometimes troublesome, and there is a risk of contamination during the etching
process. Moreover, phosphoric acid etching has been blamed for decalcification and
the development of white spot lesions around bonded orthodontic appliances (54,55).
Some reports have mentioned the mechanical damage to the enamel during debonding
and removal of the remaining resin after acid etching (56-58). In conservative
dentistry, self-etching primers are being increasingly used in place of phosphoric acid
etching for composite resin restorations, and their efficacy with respect to adhesion to
dentin and enamel has been reported (59-62). Self-etching primers function both as an
etching agent and a primer. Rinsing of enamel is not required after application of the
self-etching primer. Thus the use of a self-etching primer reduces the clinical steps
and saves clinical operation time because the separate acid-etching and water-rinsing
steps are eliminated and the application requires simply drying with air.

The use of a newly developed self-etching primer, Prompt L-Pop (ESPE
Dental AG, Seefeld, Germany) resulted in clinically acceptable bond strengths when
used with Transbond XT. The Prompt L-Pop system recently introduced onto the
market is a monocomponent adhesive system. It is claimed to provide good bonding
characteristics for enamel and dentin. The Prompt L-Pop despite its low pH, produces
an etching similar to phosphoric acid (63-66). Moreover, the simultaneous penetration

of bonding and etching agents avoids technical mistakes. Evaporation of the solvent
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after the bottle is opened (responsible for the variation seen in the consistency of
bonding) is avoided because the Prompt L-Pop bonding system is composed of three
sealed and segregated compartments. This style of packaging not only eliminates the
problem of evaporation, but it also prevents cross-contamination.

Presumably, as a consequence of the neutralization of acid monomers, the pH
of phosphoric esters rises as the etching progresses. The drop in hydrogen ion
concentration halts demineralization. During the etching phase the hydrogen ions
released by hydroxyapatite crystals are chelated in the primer. Thus, it is not necessary
to rinse (67). Because penetration of bonding monomers and demineralization take
place simultaneously, poor infiltration of the bonding material is not an issue (68).
This monocomponent system, if truly dependable and practical, would mean a
significant advantage in restorative dentistry and in orthodontics compared with the
traditional pluricomponent techniques.

Prompt L-Pop is a sixth generation bonding system presented in a disposable
blister with a brush. Because all its components are sealed, it is also hygienic. It is a
bicomponent hydrophilic adhesive: in which the yellow part of the blister contains
hydrofluoric complexes, water and stabilizers, whereas the red part contains
orthophosphoric esters methacrylate, activators and stabilizers. The result is a
conditioning grid suitable for micro mechanical adhesion of the composite resin of the
bonding. The advantage is that the primer needs only to be dried with a light whiff of
air.

Velo et.al. (69) compared the bonding strength of brackets to enamel with
traditional bonding technique (37% phosphoric acid etching) and the new Prompt L-
Pop system using the same composite resin (Transbond XT, Unitek, Monrovia, CA,
USA). They found that the brackets placed using self-etching bonding showed a
resistance to the tangent stress an average of 11.55 MPa (+2.97), compared with 15.71
MPa (+2.36) recorded for the brackets with the traditional method. Differences,
however, were not statistically significant for independent samples with homogeneous

variances with p = 0.05.
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Classification of orthodontic adhesive systems (45)

Based upon the polymerization initiation mechanism, orthodontic adhesives

may be classified according into the following groups (Table 2)

1. Chemically activated (also termed chemically cured, autocured or self-

cured): two-phase or one-phase

2. Light-cured (also termed photocured)

3. Dual-cured (chemically activated and light-cured)

4. Thermocured

Table 2 Classification of orthodontic adhesives

bracket base,
No mixing is
involved

polymerization pattern
due to sandwich
technique involved in
diffusion of liquid
component into paste
during application.
Enamel and bracket
sides of adhesive are
more polymerized
relative to middle
zones

Adhesive | Polymerization Clinical Properties Comment
initiation handling
Chemically | Mixing of the | Laborious, Increased exposure of | Appeared first in
cured liquid and time- components to air the market.
Two-phase paste consuming induces oxygen Representative
components inhibition. Mixing product: Concise
introduces defects in (3M)
the form of air
entrapment and
formation of voids
Chemically | Application of | Efficient Limited data on Development of
cured liquid application, degree of cure and these materials
One-phase component on | limited time | bond strength. succeeded the
(No-mix) enamel and requirement | Inhomogeneous two-phase

systems. May not
be recommended
in applications
where the
adhesive thickness
is increased, as in
bonding molar
tubes.
Representative
products: System1
(Ormco), Rely-a-
bond(Reliance),
Unite(3M)
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Table 2 Classification of orthodontic adhesives (Continued)

Visible light- | Exposure to | Permits Degree of cure of Available since
cured light-curing | increased stainless brackets the 1980s. Good
source working time for | bonded with light- alternatives to
optimal bracket | cured adhesive is two-phase
placement. Ideal | comparable to degree | systems.
for educational | of cure of adhesive Significantly more
purposes. Time- | bonded to transparent | time-demanding
consuming aesthetic brackets. than one-phase.
photocuring Bond strength has Most
process. been studied manufacturers
Decreased time | extensively and have marketed LC
by orthodontist | supports their use adhesives
and increased
chair-time are
involved.
Photoactivation
from the incisal
and cervical
edges is
suggested
Dual-cured | Initiation is | Combines Increased degree of Introduced into
achieved disadvantages of | cure and bond the profession
through handling of both | strength, but from prosthetic
exposure to | light-cured and | questionable clinical dentistry
light. chemically significance for their | applications. Ideal
Reaction cured materials. | differences with light- | candidates for
proceeds The most time- | cured materials bonding molar
following a | consuming tubes
chemically- | applications
cured
pattern
Thermocured | Initiation Not intended for | Superior properties Polymerization
occurs direct bonding initiator system
through restricts their use
exposure to to indirect
heat bonding. Not
commonly used

Developments in dental material science over the past 30 years have led to

improvements in orthodontic adhesive formulations, resulting in the current

availability of two-paste system, no-mix adhesives, and light-activated direct bonding

materials.

Fluoride-releasing visible-light-activated bonding agents,

and more

recently, adhesive precoated brackets have also been used for bracket bonding. All
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these bonding materials are based on acrylic or diacrylic resins, the latter founded on a
resin bisphenol A glycidyl dimethacrylate (Bis-GMA) developed by Bowen. Bis-
GMA creates an extremely rigid polymer with less shrinkage, greater strength, and
less water absorption than acrylic resins (70).

Diacrylate polymerization may be accomplished by an autopolymerizing
chemical reaction, by energy derived from ultraviolet light, or by a visible-light-
activated catalyst system. Ultraviolet-light-cured or visible-light-cured adhesives were
a particular refinement of orthodontic bonding systems, combining greater time for
accurate bracket positioning with the facility for command-setting of the resin.
However, the long exposure times required with ultraviolet-light-cured products
together with poor transillumination through the tooth substance and the potential
health risk imposed by prolonged exposure to ultraviolet light make these systems
unsuitable for routine clinical use (70).

Following successful bonding of orthodontic brackets by transillumination of
a visible-light-activated composite resin and improvements in their adhesive
properties, these materials are now widely used for bracket bonding. Chamda and
Stein (71) showed there was no significant difference between the bond strengths
achieved by the chemically cured and light-cured systems at 10-minute, 60-minute,
and 24-hour intervals.

Resin adhesives consist of resin monomers and inert fillers. Polymerization
can be either light activated, chemically activated, or dual cured with both light and
chemical activation. Light-activated resin adhesives are always single-component
materials stored in opaque packages. Single-component resins are convenient because
no mixing is required, thus eliminating technique variables. However, because resins
harden solely through a polymerization reaction, they neither contain nor form
hydrogels, and water is not a significant component. Although some resin adhesives
release fluoride, the amount is quite low and most likely has no effect on caries.
Certainly, without an acid-base reaction, the release of remineralization ions other
than fluoride is unlikely unless the resin contains a soluble glass filler. Soluble fillers
are subject to dissolution and ion release. However, without hydrogel formation, there

is little fluoride recharge and movement of remineralization ions (45).
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Resin adhesives attach to dry, etched enamel. Because resin monomers
contain few, if any, carboxyl groups, chelation to enamel, dentin, and metal surfaces
does not occur. Optimal adhesion with resins requires acid etching or other surface
treatments and a dry operating field. Resin polymerization with light activation is
operator controlled, and resin adhesives acquire their optimal physical properties

quickly (45).

Tensile bond strength measurement

A tensile force causes an elongation in the direction of load application. One
of the most attractive areas of orthodontic materials research is measurement of the
strength of the adhesive bond between a bracket and etched tooth enamel or some

other surface (45) (Fig 2).

Figure 2 Three basic modes of load application.

Copyright by Mahidol University
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Figure 3 provides schematic illustrations of the bracket bonded to the enamel
surface of an extracted tooth and subjected to a tensile force to cause bond failure. In
the majority of published articles, a value of bond strength is calculated as the quotient
of the force at which debonding occurs and the interfacial area of the adhesive or
bracket base. Bond strengths have been measured under tensile, shear/peel, and

torsional loading (45).

Tensile force
for debonding

Figure 3 Schematic illustrations of a bracket bonded to the enamel surface

of an extracted tooth and subjected to a tensile force.

Fox et.al. (72) have made detailed comparisons of the results from published
bond strength studies, presenting differences in test configurations and experimental
methodology. These investigators noted that the relationship of the force application
site and the bracket base surface for the bending moment generated during bond
strength testing. Variability in the location of this site and the relative positions of the
members of the bonding system can result in substantial differences in the measured
force that causes bond failure.

At present there is no standard methodology for the evaluation of bond
strength to tooth enamel or other surfaces for orthodontic adhesives. Important factors
that must be considered are: (a) the method of load application, e.g., tension,

shear/peel, or tension; (b) the crosshead speed of the testing machine, which is
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typically set at 0.5 mm/min; (c) the bracket design; and (d) the statistical analysis of
the data (45).

The effects of reused brackets on bond strength

Wright and Powers (4) evaluated the effects of four rebonding procedures on
in vitro tensile bond strength of four filled diacrylate adhesives on orthodontic
brackets. The four procedures were thermal reconditioning, chemical reconditioning,
removal of residual adhesive with a green stone, and grinding the mesh base with a
green stone. The mesh-base, stainless steel brackets were bonded to plastic cylinders
and the tensile bond force necessary to cause bond failure was recorded. The initial
bond strengths for the no-mix adhesive and both two-paste systems were significantly
greater than the tensile bond strengths for any rebonding condition. Different
rebonding conditions reduced tensile bone strength to differing degrees, using each of
these three adhesives. The initial bond strength for the visible, light-cured adhesive
was not significantly different from three of the four rebonding conditions and was
lower than the initial bond strength of the other three adhesives.

Regan et.al.(6) studied the tensile bond strength for three different types of
stainless steel orthodontic bracket/base combinations (both cast and machined integral
bases, and a foil-mesh base). The cast base gave a significantly higher initial bond
strength than the other two brackets. Following recycling by either chemical or
thermal methods, all the bases demonstrated a significant reduction in bond strength.
However, thermal recycling produced an unacceptably large reduction in the bond
strength of the cast base and this method of reconditioning should be avoided with
these brackets. Recycling the brackets an additional four times was found to result in a
further reduction in bond strength, but this was not statistically significant. Clinically
used brackets demonstrated a slightly lower, though not statistically significant, bond
strength compared to unused brackets following one recycling with either the
chemical or thermal method.

Egan et.al. (10) reported the bond strength of brackets rebonded with a no-

mix resin system or a paste-paste resin system. The efficacy of plastic conditioner and
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Enhance adhesion booster (Reliance Orthondontic Products, Inc., Itasca, II1.) as an aid
in rebonding was also evaluated. Sixty extracted human premolars were divided into
two groups based on the two adhesive systems used. Both groups of 30 were
subdivided and 1) initial bond, 2) rebond, and 3) rebond using plastic conditioner and
adhesion booster. Samples were stressed to bond failure using an Instron machine.
Bond separation occurred in the majority of samples at the enamel/resin interface.
Mean bond strengths ranged from 78.8 kg /cm® for rebonding with a no-mix adhesive
and no other conditioners, to 182.7 kg /cm” for initial bonding using a paste-paste
adhesive. Rebonding using a paste-paste adhesive with no other conditioners produced
a bond strength statistically indistinguishable from initial bonding with either system.
Plastic conditioner and adhesion booster failed to improve rebond strength. The data
suggest that, given certain circumstances, rebonding is a viable option when a bracket
has been debonded.

Mui et.al. (16) compared shear bond strength (SBS) of bonded and rebonded
orthodontic brackets following a variety of commonly used conditioning treatments
and using both light-cured and self-cured composite resin systems. Brackets debonded
during the initial determination of SBS were rebonded after the removal of residual
resin from enamel surfaces using five different treatments: 1) Remove residual resin
using a tungsten carbide bur, re-etch enamel surface, then bond a new bracket; 2)
Remove resin from the base mesh with micro-etching then rebond the same bracket,
3) Remove residual resin from the enamel surface using resin-removing pliers,
recondition the enamel with an air-powder polisher, then bond a new bracket; 4)
Remove residual resin using a rubber cup and pumice, then bond a new bracket; 5)
Remove residual resin using pliers alone, then bond a new bracket. The results
revealed that the light-cured system produced higher shear bond strength in the initial
bond than the self-cured system (p<0.005). Reconditioning the enamel surfaces using
a tungsten carbide bur and acid-etching gave the highest SBS (difference 5.8 MPa; p
<0.01) and clinically favorable fracture characteristics. The data suggest that the
optimal procedure for rebonding dislodged orthodontic brackets is to resurface the
enamel using a tungsten carbide bur, acid-etch the enamel, and use a new or re-use an

old bracket after microetching.
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Bishara et.al. (73) evaluated the effect of repeated bonding on the shear bond
strength of orthodontic brackets. The brackets were bonded with the adhesive and
light cured for 20 seconds. The teeth were sequentially bonded and debonded 3 times
with the same composite orthodontic adhesive. At each time, all 15 teeth were
debonded within a half hour after bonding to simulate the clinical condition at which a
newly bonded bracket is attached to the arch wire. The results of the analysis of
variance comparing the shear bond strength at the 3 debonding attempts indicated the
presence of no significant differences among the 3 groups (p = .104). However, when
the overall change in shear bond strength within each tooth was evaluated between
debonding sequences 1 and 3, 10 teeth had a significant (p = .001) decrease (mean +
SD, —4.6 + 2.5 MPa) in bond strength, whereas 5 teeth had a significant (p = .02)
increase (mean = SD, 2.8 £ 1.6 MPa). The present findings indicated that in general,
the highest values for shear bond strength were obtained after the initial bonding.
Rebonded teeth have significantly lower and inconsistent shear bond strength; ie,
bond strength may further decrease or increase after the second debonding, and the
changes in bond strength may be related to the changes in the morphologic
characteristics of the etched enamel surface as a result of the presence of adhesive
remnants.

Bishara et.al. (74) studied the effects of time on the shear bond strength of a
cyanoacrylate system and a composite adhesive system (1) within half an hour after
bonding the bracket to the tooth, and (2) after 24 hours from the time of bonding when
the adhesive had achieved most of its bond strength. Eighty freshly extracted molars
were collected and stored in a solution of 0.1% (weight/volume) thymol. The teeth
were cleansed, polished, and randomly separated into 4 groups: (I), cyanoacrylate
adhesive debonded within one-half hour from initial bonding; (II), cyanoacrylate
adhesive debonded after 24 hours immersion in deionized water at 37°C; (III),
composite adhesive debonded within one-half hour from initial bonding; (IV),
composite adhesive debonded after 24 hours immersion in deionized water at 37°C.
The results of the analysis of variance comparing the 4 experimental groups (F =
12.68) indicated significant differences between them (p = .0001). The composite
adhesive at 24 hours had significantly greater shear bond strength than did the other 3

groups. In general, the shear bond strengths were greater in the 2 groups debonded
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after 24 hours. This was true for both the cyanoacrylate (mean 7.1 + 3.3 MPa) and the
composite (mean 10.4 + 2.8 MPa) adhesives. On the other hand, the shear bond
strength was significantly lower in the 2 groups bonded within one-half hour of their
initial bonding. The bond strength of the cyanoacrylate adhesive (mean 5.8 +2.4 MPa)
was not significantly different from that of the composite (mean 5.2 + 2.9 MPa)
adhesive. Our findings indicated that the cyanoacrylate and the composite adhesives
tested have clinically adequate shear bond strengths at half an hour and at 24 hours
after initial bonding. The clinician needs to consider the properties of each adhesive:
eg, the need to use a curing light and the ability to have more working time with the
composite adhesive versus no light but only a 5-second working time before the

cyanoacrylate adhesive starts to set.

The site of failure

The usually failure site of the stainless steel brackets (10,58,75) is located at
the bracket/resin interface. Paul et.al. (76) found that debonding occurred at the
bracket-resin interface in 95% of cases in which curing was composite. Because of
this, it has been claimed that the bracket/resin bond is the weakest point in orthodontic
bonding (10,58,75,77). Associations have been made between teeth and major
interfaces of bond failure. Clinically, the failure site of anterior teeth are more at the
bracket/resin interface, whereas posterior teeth are more likely at an enamel/resin
break (10,21). In vitro, the opposite pattern is evident with bracket/resin failures
predominating for posterior teeth (1,10,78).To more accurately describe the various
interfaces of bond failure, qualitative and quantitative indices have been developed to
describe the surfaces resulting from debonding. Artun and Bergland proposed the
Adhesive Remnant Index (ARI) to describe the amount of resins remaining on tooth
surface after debonding.

The site of failure occurred mostly at the bracket/resin interface in light-cured
system and evenly at the resin/enamel and bracket/resin interfaces in the self-cured

system. More bond failures occurred at the resin/enamel interface in the self-cured
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system, which may be an indication of inhibition of polymerization of the self-cured
sealant by oxygen creating a weak link at the bonding site on the enamel surface.

The strongest bond is achieved when failure is cohesive that is, after
debonding the adhesive remains in almost equal proportions on both substances (18).

Base design and adhesive type influence site of failure. In one study, a paste-
liquid resin produced bond fracture mostly at bracket-resin interface, whereas a paste-
paste did not. The importance of site of separation, however, has been questioned. No
correlation could be demonstrated between tensile bond strength and site of failure. It
has also been stated that site of failure does not reflect different bond strengths at
different interface. Separation at or near the bracket-resin interface is due to metal
deformation creating a stress concentration and consequent crack formation, which
then propagates as a fracture plane.

The study of Ching et.al. (79) by applied in vitro shear loading on the
brackets that were bonded with Unite adhesive at 15 minutes after bonding and
compared with control group (no loading). The finding indicated that static loads such
as tying in of archwires can be placed on brackets 15 minutes after cementation,
without a clinically significant reduction in bond strength of the tested adhesive.
Furthermore, Ireland and Sherriff(12) also concluded that there was no significant
difference in the rate of bond failure between those patients whose archwires were
placed at the time of fitting the appliance, and those whose archwires were placed no
less than 1 week after bracket placement. Since the timing of archwire placement after
bonding brackets to the teeth has no effect on bond failure rates, the operator should
consider other factors when deciding how to proceed at the commencement of
orthodontic treatment. These could include the safety aspects of patients debonding
brackets that are not attached to an archwire versus both the operator and patient
fatigue if the whole appliance to be fitted at one visit.

The metal brackets use in direct attachment procedures depend upon
perforations in base of bracket or a stainless steel mesh or gauze backing for
mechanical retention of adhesive. It is often advocated that the bracket and mesh
backing should be contoured to fit the crown morphology as closely as possible to
minimize the thickness of the adhesive layer. The concentration of stress within the

thin layer of adhesive material would inevitably weaken the bond between it and the
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bracket, leading to failure at the adhesive/mesh junction. Reynolds (11) studies that
failure in tensile bond strength tests of gauze backed stainless steel attachments
bonded to teeth occurs predominantly as cohesive/adhesive failure at the adhesive-
mesh interface. The same workers also have found that the wire size of the mesh in an
important factor in the bond strength of mesh backed bracket to teeth. An increase in
size of the aperture would increase the amount adhesive within the mesh aperture
(33). Bracket base size and design combinations will produce different bond strengths.

Buonocore (80) indicated that, before relating these principles of adhesive
action to dental situation, the problem of thick versus thin layers of adhesive should be
considered. Generally, the adhesive industry recognizes that thick adhesive layers give
weaker joints than thin ones. A number of reasons have been postulated for this, one
of which is the probability of a greater number of imperfections, such as voids and
cracks, in thicker layers. These may cause stress concentrations under load, with the
likelihood of early failure imperfections. Another reason postulated for weakness of
thick adhesive layers is that they are more likely to become deformed than thin ones
and thus will fracture sooner. The resistance of the adhesive or adherend is the
limiting factor in bond strength. Another reason postulated for preferring thin
adhesive layers is important shrinkage. Most adhesives undergo shrinkage on
hardening or polymerization which induces internal stresses in the material, acting
tangentially to the adhesive-adherend interface. If one considers a thick layer as made
up of many thin layer, the sum of stresses caused by shrinkage, acting at the adherend-
adhesive interface, will increase with the thickness of adhesive layer. These shrinkage
forces tend to pull the adhesive from the adherend and, consequently, to endanger
adhesion. If adhesion is not actually disrupted during shrinkage, it may become so
weakened that only a small additional external force.

Theoretically, bond strength decreases as increased adhesive thickness. This
is because of a greater amount of thermal expansion, polymerization shrinkage,
trapped volatile and imperfections (void and cracks). Cement consistency appears to
be an important factor in determining the critical cement thickness at which failure
beings within the cement. As cement consistency increase, there is less mixing of the
primer and paste and less diffusion of the free radicals from the primer/paste interface.

Thus, less polymerization occurs, leading to a decrease in bond strength.
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In 1980, Schechter et.al. (81) studied the effect of adhesive thickness on
retention of direct bonding bracket. They reported that with increasing adhesive
thickness, tensile bond strength was not affected whereas in shear bond strength
decreased as thickness increased. Subsequently, Evans and Powers (23) concluded
that the increase in adhesive thickness of the no-mix adhesive resulted in a lack of
completed polymerization, lead to bond failure. Increasing the thickness of the
adhesive layer was reported to give a weak joint due to stress concentrations,
increasing polymerization shrinkage and more ready deformation of thickness layers
(80). Increased resin thickness, in vitro, has been shown with both no-mix and paste-
paste resins to produce decreased tensile bond strength. Clinically, increased resin
thickness is associated with usually buccal contour, especially with morphologically

diverse posterior teeth.

Site of bond failure

When bonding failure site are observed , either visually or microscopically,
in order to determine the failure modes, these failures are characterized as primarily
adhesive or cohesive. Frequently, mixed mode failure occurs, where there are both
cohesive and adhesive failure sites (45).

Cohesive failure refers to a failure through only a single material, where
cohesive forces between the same atomic species are involved (45).

Adhesive failure refers to failure at the interface between two different
materials, where adhesive forces between two different atomic species are involved
(45).

The failure site was divided into 3 locations (82).

EA = enamel/adhesive interface (0-25% of the adhesive left on the tooth)
CO = cohesive failure, within the adhesive (25-75% of the adhesive left on the tooth)
BA = bracket/adhesive interface (75-100% of the adhesive left on the tooth)
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CHAPTER 3
MATERIALS AND METHODS

This study was designed to be experimental study. It was conducted in vitro
on extracted human teeth and included the following steps;
1. Teeth collection
Reconditioning method
Specimens preparation
Brackets bonding
Tensile bond strength testing

Bond failure site investigation

A A R e

Statistical analysis

1. Teeth collection

One hundred and sixty extracted human premolars were collected from
private clinics. The criteria for tooth selection included intact buccal enamel not
subjected to any pretreatment chemical agents (eg. hydrogen peroxide) and free from
carious lesion, restoration, enamel crack, enamel hypoplasia or abnormal buccal
surface anatomy that might affect the strength of the enamel. The age and sex of the
patients were not considered. Before storage, the teeth were thoroughly washed in
running tap water and all blood and adherent tissue were removed. Afterward, the
teeth were stored in a solution of 0.1%(wt./vol.) thymol to prevent dehydration and

bacterial growth.
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2. Reconditioning method

Control group

Eighty new stainless steel metal brackets of maxillary premolars (slot
0.0227x0.028”) with —7 degrees torque and zero angulation (Mini Diamond,
Ormesh®, Ormco Corporation, CA, USA.) were used as control group for this study.
Each bracket consisted of two components;

1. Body: 17-4 Stainless steel bracket body

2. Base: 316-stainless steel foil/mesh base (foil mesh has 100 holes per inch).

Total surface area of the base of each bracket was 10.5 mm” (3x3.5 mm.)

Experimental group

Eighty used stainless steel metal brackets of maxillary premolars (slot
0.0227x0.028”) with —7 degrees torque and zero angulation (Mini Diamond,
Ormesh®, Ormco Corporation, CA, USA.) were collected from the patients which
had been in the oral cavity at least 6 months. Two brackets were collected from
extraction cases and four brackets were collected from non-extraction cases.

The collected brackets were debonded by using gun - type bracket removing
pliers (3M, Unitek). This instrument exerted a tensile force to the bracket by means of
a wire loop hooked over the tie wing of the brackets. The brackets were removed by
the same examiner and the method of bracket debonding was the same for every
patient. The bracket was held with pliers in alcohol lamp flame (approximately 200°
C) for 10 seconds in order to ignite and burn off the bonding agent and then the
bracket was soaked in the water immediately. After that, the brackets were cleaned by

ultrasonic cleanser for 15 minutes.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Orthodontics) /29

3. Specimens preparation

Two third of the root of each tooth were cut off and then the lingual surface
was grooved with a carborundum disc to aid retention. Each tooth was mounted in a
mounting ring with self-cured acrylic resin (Formatray®, KERR Manufacturer
company, USA) to facilitate testing. The mounting ring was made from a PVC tube,
which had 25 mm in diameter and 20 mm in height. The buccal surface of each tooth
in the desired position on horizontal plane until the acrylic resin was set (Fig 4) . The
specimens were kept in the distilled water until the scheduled testing time.

The specimens were randomly divided into 8 groups. Four groups were
tested as control groups and the other four groups were tested as experimental groups.

Each group contained 20 specimens for bonding.

Figure 4 Specimens preparation

4. Brackets bonding

Four orthodontic adhesive systems were used for bracket attachment.

1. Enlight (Ormco corporation,Glendora,CA,USA.) : light-cured dimetha-
crylate resin

2. Transbond Plus Self-Etching Primer (3M,Unitek,Monrovia,CA,USA.) +
Transbond XT (3M,Unitek, Monrovia,CA,USA.)

3. Transbond XT (3M,Unitek,Monrovia,CA,USA.) : light-cured dimetha-
crylate resin

4. Unite (3M,Unitek,Monrovia,CA,USA.):Chemically cured dimethacrylate

resin
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Figure 5 Enlight (Ormco corporation,Glendora,CA,USA.)

Figure 6 Transbond Plus Self-Etching Primer (3M, Unitek, Monrovia, CA,
USA.)
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One hundred and sixty specimens were randomly divided into 2 groups for
new and reused brackets groups which consisted of 80 specimens for each group.
And each group was divided into 4 subgroups to test the initial tensile bond strength

for 4 types of orthodontic adhesives.

@ 160 specimens ?

New brackets (Control = 80) Reused brackets (Experiment = 80)
NE (n=20) RE (n=20)
NS (n=20) RS (n=20)
NT (n=20) RT (n=20)
NU (n=20) RU (n=20)

NE = New bracket - Enlight

NS = New bracket - Transbond Plus Self-Etching Primer + Transbond XT
NT = New bracket - Transbond XT

NU = New bracket - Unite

RE = Reused bracket - Enlight

RS = Reused bracket - Transbond Plus Self-Etching Primer + Transbond XT
RT = Reused bracket - Transbond XT

RU = Reused bracket — Unite



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Orthodontics) /33

Bonding protocol

The bonding technique as the manufacturer’s instructions of each adhesive
was followed.

1. Unite: Etching the teeth for 15 seconds and rinsing thoroughly with water.
Thoroughly dry etched surface with oil-and-moisture-free air. Surface should appear
frosty white. Brush a thin amount of primer on each tooth surface and on each bracket
base to be bonded. The adhesive was applied on primed bracket base. The bracket was
placed on the tooth and adjusted within 20 seconds. Allow adhesive to set 4 minutes
before testing.

2. Enlight : The procedure included applying the etching solution (37%
phosphoric acid) for 30 seconds followed by thorough washing and drying. Ortho
Solo sealant was placed on the tooth and the bracket was bonded with the adhesive
and light cured. With a conventional light curing unit (Demetron Optilux 401) expose
the adhesive for 30 seconds for metal brackets. With Demetron’s Optilux 501 expose
the adhesive for 8 to 10 secondsfor metal brackets. Divide the curing time and shine
the light on the mesial and distal edges of the bracket to bond metal brackets. The
manufacturer recommended that the active archwires may be placed immediately after
curing the bracket.

3. Transbond XT : The procedure included applying 37% phosphoric acid
for 30 seconds followed by thorough washing and drying. Transbond XT primer was
applied on the tooth and the bracket was bonded with the adhesive. Immediately after
applying adhesive, lightly place bracket onto tooth surface. Adjust bracket to final
position, press firmly to seat bracket, gently remove excess adhesive from around the
bracket base without disturbing the bracket. To bond metal brackets, expose the light
cure adhesive for 20 seconds by shining the light for 10 seconds on each side,
approximately 5 mm above the interproximal contact. The above mentioned curing
times apply only to the Ortholux "™ or Ortholux XT Visible Light Curing Units. Other
curing lights, depending on their output, might require longer curing times. The
manufacturer recommended that the active archwires may be placed immediately after

curing the bracket.
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4. Transbond Plus Self-Etching Primer + Transbond XT: Applying
Transbond Plus Self-Etching Primer on the tooth surface and rubbing the saturated tip
of applicator onto the tooth surface. Continue rubbing liquid onto enamel while
applying some pressure for a minimum of 3-5 seconds per tooth. Using an oil and
moisture-free air source to deliver a gentle air burst to each tooth. The primer must be
dispersed into a thin film on the tooth. The primed enamel surface will have a
uniform, shiny appearance. Then the bracket was bonded with Transbond XT
adhesive.

Spectrum™800 light curing unit (Dentsply, Konstanz, Germany) was used as
light-cured source in this study (550 mW/cm? intensity control). Light-curing time
was 40 seconds by dividing the light for 20 seconds on mesial and distal sides.

Before initial tensile bond strength testing, all teeth were polished with
nonfluoridated pumice and rubber prophylactic cups for 10 seconds. And bracket was
then bonded to the enamel surface, the bonding approach followed the manufacturer’s
instruction of each adhesive. The bracket was pressed on the tooth until the bracket
was seated in the correct position (Fig 9). After seating the bracket, each tooth in
every group was checked to ensure that the adhesive had been extruded around
bracket base. The excess adhesive was then removed with an explorer so that no
adhesive overlapped the margin of the bracket base. The bonding of all brackets was
performed by the same operator to standardized technique as in clinical situation. The
loading pressure (the force used to press a bracket on the tooth) used in this study was

not measured to simulate the clinical practice.

Figure 9 The bracket was bonded on the tooth and seated in the correct

position.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Orthodontics) /35

5. Tensile bond strength testing

After the bracket bonding technique as the manufacturer’s instructions of
each adhesive was followed, the specimen was subjected to tensile bond strength with
a Universal Testing Machine (LF Plus, Llyod) (Fig 10). Specimen was inserted and
tightly locked in the special mounting jig which was fixed in the lower part of the
Universal Testing Machine (Fig 11). And the specimens was then loaded to debond
the brackets at a crosshead speed of 0.5 mm per minute and loading cell was 1000
Newton. Tension was applied to the bracket samples via a 0.0167x0.022” wire which
was fabricated as two rectangles that were soldered together at the top and free to
come apart at the other end. The upper end of the wire was attached to the upper part
of the testing machine (Fig 11). The other ends of the wire rectangles were placed
under the bracket wings, with one rectangle under the gingival side and the other
under the occlusal side of the bracket wings (Fig 12). When the specimen was
positioned at right angles to the pulling force of the testing machine, a tensile force
was created. A force was then applied perpendicular to the buccal surface of the tooth
and the tensile force was measured in Megapascals (MPa) and recorded at the point at

which bond failure occurred.

Figure 10 The Universal Testing Machine (LF Plus, Llyod).



Lawan Saipornchai Materials and Methods / 36

Figure 11 Specimen was inserted and tightly locked in the special mounting

jig which was fixed in the lower part of the Universal Testing Machine.

Figure 12 The ends of the wire rectangles were placed under the bracket
wings, with one rectangle under the gingival side and the other under the occlusal side

of the bracket wings.
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6. Bond failure site investigation

After bracket debonding, the teeth and the brackets were examined using
measuring microscope (Nikon MM 11 C) under x10 magnification.

Failure site was divided into 3 locations (82).
EA = enamel/adhesive interface (0-25% of the adhesive left on the tooth)
CO = cohesive failure, within the adhesive (25-75% of the adhesive left on the tooth)
BA = bracket/adhesive interface (75-100% of the adhesive left on the tooth)

Figure 13 Measuring microscope (Nikon MM 11 C)
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7. Statistical analysis

The results were analyzed by SPSS software for MS WINDOW release
version 10.0. Descriptive statistics including the mean and the standard deviation of
the initial tensile bond strength were calculated for each of 4 orthodontic adhesive
groups for new and reused brackets. The data of the initial tensile bond strength were
tested for normality with the Kolmogorov-Smirnov method.

1. The differences in initial tensile bond strength between new and reused
brackets in each type of orthodontic adhesive were evaluated by Student’s t-test.

2. Kruskal-Wallis One-way ANOVA was used to determine the difference in
initial tensile bond strength among 4 types of orthodontic adhesives within new
bracket and reused bracket groups.

3. The Chi-square test was used to determine significant differences in the
site of bond failure between the different groups.

* The overall test was interpreted for significant difference at p-value less than 0.05.
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CHAPTER 4
RESULTS

The mean values and standard deviations for tensile bond strength of new

and reused brackets among various orthodontic adhesives were shown in table 3.

Table 3 The means and standard deviations for tensile bond strength of new

and reused brackets among various orthodontic adhesives.

Group Tensile bond strength (MPa) t-test
New Reused
Light-cured Enlight 3.59 +0.77 2.92+0.75 *
Self-etched 3.50 +1.00 2.90 +0.75 *
Transbond XT 3.44+1.01 2.81 +0.81 *
Self-cured Unite 6.83 +2.11 ** | 5.46 + 1.87 ** *

The mean difference is significant at p-value less than 0.05.
* Significant difference between column.

** Significant difference between row.

There were statistically significant differences between new and reused
brackets in every types of orthodontic adhesive. The means of initial tensile bond
strength were reduced when the brackets were reused compared with the new
brackets.

The differences in initial tensile bond strength using various orthodontic
adhesives within new bracket group and within reused bracket group were evaluated

by using Kruskal-Wallis One-way ANOVA. Within new bracket group, there were
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statistically significant differences in initial tensile bond strength between self-cured
adhesive (Unite) and light-cured adhesives (Enlight, Self-etched and Transbond XT).
The new brackets bonded with Unite (self-cured) had the highest mean tensile bond
strength (6.83 + 2.11 MPa).

Within reused bracket group, It was also found that there were statistically
significant differences in initial tensile bond strength between self-cured adhesive
(Unite) and light-cured adhesives (Enlight, Self-etched and Transbond XT). The
reused brackets bonded with Unite (self-cured) had the highest mean tensile bond
strength (5.46 + 1.87 MPa).

Furthermore, the result showed that there was no statistical difference in
mean of initial tensile bond strength among New-Enlight, New-Self etched, and New-
Transbond XT. It was indicated that the means of initial tensile bond strength of new
brackets bonded with these light-cured adhesives were not statistical different. With
the same result, there was no statistical difference in the mean of initial tensile bond
strength among Reused-Enlight, Reused-Self etched, and Reused-Transbond XT. It
was also revealed that the means of initial tensile bond strength of reused brackets

bonded with these light-cured adhesives were not statistical different.
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Figure 14 Comparisons the means of initial tensile bond strength among

various orthodontic adhesives.
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Site of bond failure

Table 4 showed the frequency distribution of failure site that derived from
examination the enamel surface and at the bracket base surface with the light
microscope under low power magnification (10x). The Chi-square test was used to
determine significant differences in the site of bond failure.

The failure site was divided into 3 locations (82).

EA = enamel/adhesive interface (0-25% of the adhesive left on the tooth)
CO = cohesive failure, within the adhesive (25-75% of the adhesive left on the tooth)
BA = bracket/adhesive interface (75-100% of the adhesive left on the tooth)

Table 4 Frequency distribution of failure site of different groups.

Failure site

Group Enamel- Cohesive Bracket-
adhesive adhesive

New Enlight - 3 15

Self-etched 1 - 19

Transbond XT - - 20

Unite 5 7 8

Reused Enlight - 8 12

Self-etched - - 20

Transbond XT - 3 17

Unite 2 5 13

A2 = 51.53 , P=0.001
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The result showed that there was statistically significant difference in site of
bond failure among 8 groups when chi-square analysis was performed (p=0.001). It
indicated that the site of bond failure depends on the bracket-adhesive combination.
The bond failure of both new and reused brackets which were bonded with light-cured
adhesives were mostly occurred at bracket-adhesive interface. Whereas there was
various failure site when both new and reused brackets bonded with self-cured

adhesive.
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CHAPTER S
DISCUSSION

The bonding of orthodontic brackets in orthodontic clinic continues to
increase in popularity. While the manufacturing of brackets becomes increasingly
precise and design of brackets is more complex, the cost of brackets spirals upward.
One of the problems clinicians faced during treatment is bracket failure. Recycling of
stainless steel brackets can reduce the cost of the appliance. The reconditioning
process should remove adhesive completely from the bracket bases with minimum
adverse effects. For clinical purpose, rebonding process of reused brackets should be
tested for initial tensile bond strength to ensure adequate initial adhesive bond
strength. In this study, the initial tensile bond strength of new and reused brackets
were compared. Furthermore the initial tensile bond strength within new and reused
bracket groups when the brackets were bonded with various light-cured and self-cured
adhesive were evaluated and compared. The results may be beneficial for
orthodontists to choose the effective adhesive when reused brackets are rebonded.
Finally, the difference in failure site was examined in order to explain the cause of

bonding failure.

Materials and methods

The premolar teeth were used as specimens in this study because they had
higher incidence of failure in direct bonded technique compared to other teeth. The
posterior teeth have been linked to poor access and moisture contamination, leading to
inadequate enamel preparation (20-22). Clinically, increased resin thickness is
associated with unusual buccal contour, especially with morphologically diverse
posterior teeth (24). Additionally, the premolar teeth were commonly chosen for

extraction in orthodontic cases, they are easily collected as samples. However, the
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premolar teeth were collected from various resources and the morphologic and
physiologic characteristic may be different from each other. The teeth in this study
were stored in a solution of 0.1 % (weight/volume) thymol as suggested by Bishara
et.al. (74) to prevent dehydration and bacterial growth.

The stainless steel brackets used in this study was Mini Diamond (Ormco
Corporation, CA, USA.) because they are commonly used in Department of
Orthodontics, Mahidol University. This bracket type consists 316-stainless steel
foil/mesh base. The reused brackets which was debonded from the patients were
derived from our department and consisted the same foil/mesh bracket base. However,
there was a report that the tensile bond strength of various bracket base designs was
different. Regan et.al.(6) studied tensile bond strength for three different types of
stainless steel orthodontic bracket/base combinations (both cast and machined integral
bases, and a foil-mesh base). The cast base gave significantly higher initial bond
strength than the other two brackets. In this study, only one bracket base design was
evaluated. The result may not represent all bracket base type but it can be used as
baseline data for other bracket base types that gave higher initial bond strength.

The clinical use of the brackets can lead to some minor deformation (37). In
this study, the reused brackets were collected from the patients that had been in the
oral cavity at least 6 months. Furthermore, the reused brackets may become distorted
during debonding process. In this study, the lift off debracketing instrument (gun-type
debracketing instrument, 3M, Unitek) was used because of its minimal risk of bracket
distortion. This instrument exerted a tensile force to the bracket by a wire loop hooked
over the tie wing of the bracket. Oliver and Pal (37) showed that the lift off
debracketing instrument (LODI) produced the least amount of gross distortion when
compared with the use of debonding pliers which exerted a shear force to the bracket.

Matasa (18) classified the effects of recycling into 3 categories: effects
produced by debonding procedure, effects produced by heat cycle, and effects
produced by electropolishing. The use of heat is a critical factor in the recycling
process because of its influence on microstructure of the brackets which are made of
austenite stainless steel. The temperature above 650 °C will anneal (soften) the metal.
Its properties of hardness and tensile bond strength cannot be restored (33). The

temperature from alcohol lamp in this study is approximately 200 °C in order to ignite
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and burn off the bonding agent. However, it is difficult to control same level of the
temperature. The definite time that the brackets were exposed to heat was 10 seconds.

The bonding protocols of each adhesive from the manufacturer’s instructions
of each adhesive were followed. As in Unite group, the adhesive was allowed to set
for 4 minutes before initial tensile bond strength testing as the manufacturer’s
recommendation. Whereas, the light-cured groups, the manufacturer recommended
that the archwire could be placed immediately after curing the brackets. Therefore, the
brackets in light-cured group were tested initial tensile bond strength immediately
after completion of light-curing. However, the light-cured duration varied according
to each product’s manual. In the part of self-etching primer, the manufacturer
recommended that light-cured adhesive should be used after these product.

The same operator to standardized technique as in clinical situation
performed the bonding of all brackets. The loading pressure (the force used to press a
bracket on the tooth) used in this study was not measured to simulate the clinical
practice. Clinically, increased resin thickness is associated with unusual buccal
contour, especially with morphologically diversed posterior teeth (24). In vitro,
increasing in resin thickness has been shown with no mix and paste-paste resins to
produce decreased tensile bond strength (23). Therefore, the teeth in this study, which
had obvious abnormal buccal contour that may affect tensile bond strength, were
excluded from the experiment. To limit experimental variability, the plane of each
bracket base was adjusted to fit the buccal surface of the tooth being tested in order to
obtain the thinnest adhesive layer as much as possible.

For tensile bond strength testing, the crosshead speed used in this study was
0.5 mm/min. Brantley and Eliades (45) concluded that the critical aspects of
orthodontic bond strength protocols affecting the outcome of research trials might
include the crosshead speed of the loading in bond strength testing which is usually
set at 0.5 mm/min for consistency. However, this value lacks correspondence to
clinical condition. In vivo, debonding incidence are expected to occur at much higher
impact velocity, where viscoelastic behavior of the adhesive, which may be important
at low crosshead speed is largely absent.

The tensile bond strength testing in this study were measured in force at

which debonding occurs (determined from the load drop on the testing machine) and
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interface area of the bracket base. The usual unit of force per unit area is the
Megapascals (MPa), which is equivalent to Newton per millimeter squared (N/mm?).
This unit is recommended for bond strength measured by Fox et.al. (72) because it can
be comparable with other studies, which used different dimensions of bracket base in
their testings. Therefore, the use of force per unit area such as Megapascals would be
appropriate in bond strength measurement.

The jig used to test tensile bond strength in this study was applied from the
instrument’s design of Schulz et.al.’s study (83). Tensile force was applied to the
bracket samples via 0.016”x0.022” wire which was fabricated as two rectangles that
were soldered together at the top. The other free ends of the wire rectangles were
placed under the bracket wings, with one rectangle under the gingival side and the
other under the occlusal side of the bracket wings. A tensile force was created
perpendicular to the buccal surface of the tooth and the tensile force was measured.
However, it is difficult to apply pure tensile force at the bracket/resin or enamel resin
interface. In order to minimize the other directions of force, it is suggested that the
plane of the specimens should be adjusted when they were mounted on a universal
testing machine to eliminate variation in the direction of debonding force. This was

done to make the method of testing more reproducible.

Part 1: Comparisons of initial tensile bond strength between new and reused

brackets.

From previous study, Hixson et.al. (1) stated that the recycling process may
affect the brackets by alteration in their chemical, physical, or dimensional
configuration. Direct loss of material during the recycling procedure could reduce the
size and effectiveness of the retentive elements of the bracket base. A modification in
the metallurgical properties of the bracket following thermal treatment could result in
a reduced resistance to distortion during clinical use (7). There could also be a
cumulative effect as brackets are subjected to repeated recyclings.

Comparisons with previously reported results are difficult because there is a

lack of consensus on the materials and methods (storage time before debonding,
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thermocycling, debonding device, bonding area and differences in the bracket mesh)
for orthodontic bond strength testing (72). Therefore, studies determining the bond
strength are important mainly for their relative values and numerical comparisons are
not always possible.

From table 3, it showed that there were statistically significant differences in
the means of initial tensile bond strength between new and reused brackets in each
type of orthodontic adhesives. As reported by Mascia and Chen (3), they found that
reconditioned brackets have generally decrease in bond strength following recycling
(reduction to be in the order of 35% when compared to new and unrecycled brackets)
and they considered that this may have been due to the electropolishing procedure
following adhesive removal.

Wheeler and Ackerman (90) measured the tensile bond strength and the
diameter of the mesh wires of recycled bases and they stated that the mesh strand
diameter decreased by 7% during the thermal reconditioning process. However, they
rejected the hypothesis that decrease in bond strength is correlated to a reduction in
mesh wire diameter. On the other hand, Wright and Powers (4) took the opposite view
and explained the 45-75% reduction in bond strength which may be the effect of the
decrease in wire diameter following recycling.

From recent study, Jitprapaikulsal (91) examined the effect of reconditioning
process by direct alcohol flame on the shear bond strength. This reconditioning
method was similar to reconditioning method in this study. The results showed that
there was 3.75% reduction of mesh strand diameter and leading to the large intermesh
space. She stated that it may due to the high temperature that caused the change of
metal microstructure.

Moreover, Regan et.al. (6) reported that the recycling of stainless steel
brackets results in a decrease in their bond strength. The amount of this reduction has
been found to depend on the recycling process used and the design of the bracket
base. They reported the tensile bond strength for 3 different types of stainless steel
bracket/ base combinations (cast integral base, machined integral base, and foil-mesh
base). They found that the cast base gave significantly higher initial bond strength
than the other two brackets. However, thermal recycling produced an unacceptably

large reduction in the bond strength of the cast base and this method of reconditioning
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should be avoided with this bracket. The tensile bond strength of foil-mesh bracket
was 22.3% reduction after reconditioning process. Although, its tensile bond strength
was the highest following thermal recycling once compared with cast and machined
integral bases.

This study was conducted to compare new and reused brackets bonded with
various orthodontic adhesives in only one type of bracket base design (foil-mesh), so
it may not be representative for the other types of bracket/base design.

The data from table 3 showed that there was a statistically significant
difference in tensile bond strength between new and reused brackets which were
bonded with Unite. The tensile bond strength of New-Unite group (6.83 + 2.11 MPa)
was higher than the tensile bond strength of Reused-Unite group (5.46 + 1.87 MPa).
However, both groups had tensile bond strength approximate to the range of minimum
requirement for tensile bond strength as suggested by Reynolds (5.9 —7.8 MPa) (11).
This finding may imply that bonding either new or reused brackets with Unite would

produce acceptable bond strength within 4 minutes.

Part 2: Comparisons of initial tensile bond strength of brackets bonded with

various orthodontic adhesives.

The results from table 3, the differences in initial tensile bond strength using
various orthodontic adhesives within new bracket group and within reused bracket
group were evaluated. Within new bracket group, there were statistically significant
differences in initial tensile bond strength between self-cured adhesive (Unite) and
light-cured adhesives (Enlight, Self-etched and Transbond XT). The new brackets
bonded with Unite (self-cured) had the highest mean tensile bond strength (6.83 +
2.11 MPa).

Within reused bracket group, It was also found that there were statistically
significant differences in initial tensile bond strength between self-cured adhesive
(Unite) and light-cured adhesives (Enlight, Self-etched and Transbond XT). The
reused brackets bonded with Unite (self-cured) had the highest mean tensile bond
strength (5.46 + 1.87 MPa).
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Furthermore, the result showed that there was no statistical difference in
mean of initial tensile bond strength among New-Enlight, New-Self etched, and New-
Transbond XT. It was indicated that the means of initial tensile bond strength of new
brackets bonded with these light-cured adhesives were not statistical different. With
the same result, there was no statistical difference in the mean of initial tensile bond
strength among Reused-Enlight, Reused-Self etched, and Reused-Transbond XT. It
was also revealed that the means of initial tensile bond strength of reused brackets
bonded with these light-cured adhesives were not statistical different.

The light-cured group was tested immediately after light curing, whereas the
self-cured group was tested after bonding 4 minutes. Both duration times were
followed as the manufacturer’s instruction. It showed that initial tensile bond strength
of self-cured adhesive (Unite) is comparable to minimum bond strength as Reynolds’s
recommendation (11). According to Reynolds (11), the minimum bond strength of 5.9
to 7.8 MPa was adequate for most clinical orthodontic needs. In contrast, initial tensile
bond strength of light-cured adhesives had not reached that minimum requirement at
the time of testing. As reported by Toledano et.al. (84), for light-cured composite
resin, 70% of the failure were at the resin-bracket interface. This is because of
incomplete polymerization of the resin (85) just below the metal base of the bracket.
The inability of the visible light to cure material behind the bracket mesh may be
responsible for the site of bond failure. Moreover, they stated that polymerization was
more effective and retention was also greater with System One (self-cured composite
resin), this could be the reason for higher shear bond strength. In accordance with
Greenlaw et.al. (86), they found that reduced shear bond strength was obtained in
light-cured composite resin. They suggested that it might be because of an incomplete
polymerization. Properly mixed and cured orthodontic adhesives may contain 14 % of
nonpolymerized material (87). As in this study, there are polymerization when primer
and adhesive paste of self-cured adhesive resin are in contact, whereas the
polymerization process of the light-cured group occurs when it is activated by visible
light curing unit (wavelength 420-450 nm). The light curing unit is direct to
interproximal surfaces of the brackets as manufacturer’s instruction. The visible light

may not pass through stainless steel brackets, so it is possible that adhesive resin
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underneath the center of the brackets may not be exposed to the light curing unit and
may lead to less polymerization in this group.

Another factor that affects bond strength of adhesives in clinical performance
is the setting time. The self-cured composite resin (Unite, 3M, Unitek, Monrovia, CA,
USA.) used in this study required a setting time of 4 minutes, according to the
manufacturer, resulted in a 60% curing of the composite (88) which was sufficient to
resist the forces generated by the initial ligation of the archwire. Complete curing of
the composite would reportedly occur after 24 hours (88). In agreement with Bishara
et.al. (74), they stated that the shear bond strength of brackets which were bonded
with composite resin was significantly stronger at 24 hours than that at one-half hour
from initial bonding. This result confirmed that bond strength increased with time.

Furthermore, the bond strength depends on many factors such as the amount
of filler (89), viscosity of adhesives and resin thickness (23). Unite has the amount of
filler approximately 66% by weight which the percentage of filler is lower than the
amount of filler in Transbond XT (77% filler) and Enlight (73% filler). Evan and
Powers (23) reported that the bond strength would increase if the amount of fillers
increased. In contrast to result from this study, it is interesting that the tensile bond
strength of Unite was higher than the Transbond XT and Enlight. This may be the
effect of polymerization process which was mentioned previously. Moreover,
adhesive is more viscous when its amount of filler is higher (23). Resin viscosity
appears to be an important factor in determining the critical resin thickness at which
failure begins within the resin. Theoretically, bond strength decrease as resin thickness
increases. This is because of a greater amount of thermal expansion, polymerization
shrinkage, trapped volatiles and imperfections (void and cracks), less mixing of the
primer and paste and less diffusion of the free radicals from the primer/paste interface.
Thus, less polymerization occurs, leading to a decrease in bond strength (23).
Clinically, Transbond XT and Enlight have thicker consistency than Unite, it is
possible that resin consistency and resin thickness may be the cause of decreasing in
tensile bond strength. Although, the resin thickness was not determined in this study.

Furthermore, it was found that none of bracket/light-cured adhesive
combination had adequate tensile bond strength as Reynolds’s suggestion (5.9-7.8

MPa) (11). However, Ewoldsen et.al. (92) also reported the minimal debond loads
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required for a successful orthodontic adhesive should be in the range of 3 to 5 MPa.
Therefore, new brackets bonded with light-cured adhesives in this study had the
tensile bond strength slightly higher than this range. On the other hand, tensile bond
strength of reused brackets bonded with light-cured were slightly lower than 3 MPa.
However, as suggested by Bishara et.al. (74), bond strength could achieve the optimal
bond strength if duration time before debonding was increased. It may imply from this
result that if reused brackets bonded with either Transbond XT or Enlight, more
duration time after light-curing should be preferable for archwire placement or more
flexible archwire should be tied on the reused brackets for preventing the bond failure.
The orthodontists should consider using a stronger adhesive or an adhesive booster
with the teeth that have been rebonded in order to produce a more consistent and
adequate bond strength (73).

Although, there were statistically significant differences in initial tensile
bond strength between new and reused brackets bonded with each orthodontic
adhesive. There was no statistical difference among New-Enlight, New-Self etched
and New-Transbond XT, it was indicated that the means of tensile bond strength of
new brackets bonded with these different light-cured adhesives were not statistical
different. With the same result, there was no statistical difference among Reused-
Enlight, Reused-Self etched and Reused-Transbond XT, it was also revealed that the
means of tensile bond strength of reused brackets bonded with these different light-
cured adhesives were not statistical different. This may be the result of amounts of
filler in Enlight and Transbond XT are nearly equilavalent (Transbond XT =77% filler
and Enlight = 73 % filler), thus tensile bond strength of Enlight and Transbond XT are
nearly identical.

Nowaday, self-etching primers are being increasingly used in place of
phosphoric acid etching for composite resin restoration in conservative dentistry (93)
because it reduces the clinical steps and saves clinical time. Bishara et.al. (94,95)
evaluated the effectiveness of using acidic self-etching primers to bond orthodontic
brackets with composite resin adhesives. They reported that an acidic self-etching
primer provided a clinically acceptable bond strength when used with a highly filled
composite adhesive while minimizing the amount of enamel loss. As reported by

Yamada et.al.(93), they examined the enamel surfaces from SEM and revealed that a
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smaller extent of enamel dissolution by treatment with self-etching primer than with
phosphoric acid and reduction of enamel loss.

Recent study by Pashley and Tay (96) have suggested that self-etching
primers are less effective than phosphoric acid when used to bond ground enamel with
a thick smear layer or intact unground enamel . In contrast to Yamada et.al. (93), they
reported that the shear bond strength of brackets bonded with composite after self-
etching primer was acceptable (8.8 + 2.9 MPa) and its value was higher than the
minimum requirement which suggested by Reynolds (11). As presented in this study,
there was no statistical different in tensile bond strength between the teeth etched with
37% phosphoric acid and the teeth etched with self-etching primer.

Moreover, this is in agreement with Velo et.al. (69), they found that brackets
etched with self-etching primer showed a resistance to the tangent stress an average of
11.5 MPa (+ 2.97), compared with 15.71 MPa (+ 2.36) recorded for the brackets
etched with 37% phosphoric acid and bonded with Transbond XT. Differences,
however, were not statistically significant.

This may imply from this study that tensile bond strength of the teeth etched
with self-etching primer and bonded with Transbond XT is comparable to tensile bond
strength of the teeth etched with 37% phosphoric acid and bonded with either Enlight
or Transbond XT. This may suggest that the self-etching primer might be beneficial in
orthodontic clinic because it is uncomplicated to use and less chair time. It gives

orthodontists the opportunity to simplify bonding the appliances.

Part 3: The site of bond failure

The frequency distribution of failure site that derived from examination the
enamel surface and at the bracket base surface with the light microscope. The result
from table 4 showed that there was statistically significant difference in the site of
bond failure among different groups. It indicated that bond failure site depend on the
bracket/adhesive combination. The bond failure of both new and reused brackets,

which were bonded with light-cured adhesives, were mostly occurred at bracket-
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adhesive interface. Whereas, there was various failure site when both new and reused
brackets bonded with self-cured adhesive (Unite).

As reported by Toledano et.al. (84) for light-cured composite resin, 70% of
the failure were at the resin-bracket interface. This is because of incomplete
polymerization of the resin (85) just below the metal base of the bracket. The inability
of the visible light to cure material behind the bracket mesh may be responsible for the
site of bond failure. Moreover, Toledano et.al. (84) stated that polymerization has
been more effective and retention has also been greater with System One (self-cured
composite resin), this could be the reason for the higher shear bond strength and the
greater percentage of mixed failure (90%) in this group. According to high shear bond
strength in self-cured adhesive, the shearing force induce a fracture plane that would
propagate through the union, at the resin-bracket area, increasing the number of resin-
enamel and mixed fractures. Some enamel prism fractures may be observed in this
group (58).

Furthermore, Bishara et.al. (95) suggested that bond failure at the bracket-
adhesive interface or within the adhesive is more desirable and safer than failure at the
enamel-adhesive interface because enamel fracture and crazing have been reported at
the time of bracket debonding. The failure site at bracket-adhesive interface implies
that all the resin should be cleaned up from the enamel surface (8). On the other hand,
according to Jou et.al. (97), they stated that an adequate bond that fails at the enamel-
resin interface is desirable because debonding and subsequent polishing procedures
would become much easier.

In this study, the difference in the site of bond failure between using light-
cured and self-cured adhesives, it may be the effect resin consistency. Both Enlight
and Transbond XT are more viscous than Unite, thus Unite is more flowable that
facilitates resin penetrate into foil-mesh base than both Enlight and Transbond XT.

Moreover, there was the difference in site of bond failure between new
bracket group and reused bracket group in this study. Cohesive failure was higher in
reused bracket group than new bracket group. This result may be because of minor
distortion of reused bracket base that may affect adhesive resin thickness. The
distorted reused bracket base, which cannot fit properly to the contour of enamel

surface, may lead to thick adhesive resin layer and cohesive failure could be occurred.
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Clinical implications

From this study, Unite had higher tensile bond strength than Enlight,
Transbond XT and self-etched primer followed by Transbond XT. It indicated that
Unite could reach the minimum requirement for tensile bond strength as suggested by
Reynolds (5.9-7.8 MPa) after bonding 4 minutes which is recommended by
manufacturer. It revealed that archwire placement after Unite bonding 4 minutes is
acceptable and reliable. On the other hand, the light-cured groups in this study failed
to reach that minimum range when testings are run immediately after light curing. It
may suggest that archwire placement should be postponed for optimal tensile bond
strength or orthodontists should apply light force via the flexible archwire to minimize
the incidence of bond failure.

For all types of adhesives used in this study, reused brackets had lower
tensile bond strength compared with new brackets. However, reused brackets bonded
with Unite had adequate tensile bond strength referred to minimum bond strength
requirement as mentioned previously. Therefore, it may be beneficial to reuse the
brackets if the adhesive type is considered and the decision to reuse the brackets
ultimately depends on what magnitude of forces are generated in the mouth
throughout the duration of orthodontic treatment.

Furthermore, the results showed that self-etched primer is effective to bond
the brackets compared with traditional etching solution. Therefore, this product may
be a candidate for bonding orthodontic brackets because of reducing clinical steps,
saving chair time and minimizing the amount of enamel loss.

Whereas, high tensile bond strength is obtained in Unite (self-cured), the
failure site at enamel-adhesive occurred. This is possible to produce enamel fracture at
the time of bracket debonding. On the other hand, the bond failure sites of the
brackets, which were bonded with light-cured adhesives in this study, were mostly
occurred at bracket-adhesive interface. This may imply that most of the resin should
be cleaned up from the enamel surface, which are safer than failure at the enamel-
adhesive interface. Although, this study is under in vitro conditions, a longitudinal in

vivo clinical study of these adhesives is indicated to verify their clinical reliability.
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Further study

Although, the bonding procedures of all orthodontic adhesives in this study
were followed as manufacturer’s recommendation. It was found that the means of
initial tensile bond strength of light-cured adhesives were lower than the mean of
initial tensile bond strength of Unite (self-cured adhesive). Further study should be
carried to determine the effect of duration time before debonding on the tensile bond
strength. Moreover, the range of duration time after bonding which the tensile bond
strength of these light-cured adhesives has adequate optimal bond strength and its
tensile bond strength could be comparable to Unite should be recommended. Because
it may be beneficial for orthodontists to choose the appropriate adhesive for their
works.

Furthermore, further study may include more types of the adhesives or more
types of bracket/adhesive combination such as the other new generation of orthodontic
adhesives and the other types of bracket base design. Finally, newly fresh teeth were
used as the samples to test tensile bond strength for both new and reused brackets in
this study, thus the use of bonded enamel may be studied in the future to determine

whether the effect of adhesive remnant affects the tensile bond strength.
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CHAPTER 6
CONCLUSION

1. There was a statistically significant difference in initial tensile bond
strength between new and reused brackets.

2. There was a statistically significant difference in initial tensile bond
strength between the brackets bonded with light-cured adhesives and the brackets
bonded with self-cured adhesive. The self-cured group had higher mean tensile bond
strength than the light-cured group.

3. The new brackets bonded with Unite had higher initial tensile bond
strength than the reused brackets bonded with Unite. However, both groups had
adequate tensile bond strength as recommended by Reynolds (5.9-7.8 MPa).

4. There was no statistical difference in the mean of initial tensile bond
strength among N-E, N-S, and N-T groups. It was indicated that the means of initial
tensile bond strength of new brackets bonded with different light-cured adhesives
were not statistical different. With the same result, there was no statistical difference
in the mean of initial tensile bond strength among R-E, R-S, and R-T groups. It was
also revealed that the means of initial tensile bond strength of reused brackets bonded
with different light-cured adhesives were not statistical different.

5. The initial tensile bond strength of self-etched primer was comparable to
initial tensile bond strength of traditional etching solution.

6. The site of bond failure depends on the bracket-adhesive combination.
The bond failure of both new and reused brackets, which were bonded with light-
cured adhesives, was mostly occurred at bracket-adhesive interface. Whereas there
was various failure sites when both new and reused brackets bonded with self-cured

adhesive.
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Table S Maximum load (gram) and stress at maximum load (tensile bond strength) of

New-Enlight group (MPa)

Sample Maximum load (gram) Stress at maximum load (MPa)
1 4947.0 4.6219
2 3607.1 3.3701
3 4311.3 4.0280
4 4026.7 3.7621
D 4130.7 3.8592
6 4410.2 4.1204
7 4822.2 4.5053
8 3462.8 3.2353
2 2800.4 2.6164
10 3179.3 2.9704
11 3617.2 3.3795
12 3353.6 3.1332
13 3180.5 20 I3
14 5413.6 5.0579
15 3125.2 29198
16 2818.9 2.6336
17 3259.2 3.0450
18 2934.7 2.7419
19 3823.7 3.5724
20 5613.8 5.2449
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Table 6 Maximum load (gram) and stress at maximum load (tensile bond strength) of

Reused-Enlight group (MPa)

Sample Maximum load (gram) Stress at maximum load (MPa)
1 2453.7 2.2924
2 2249.7 2.1019
3 2176.6 2.0336
4 4559.5 4.2599
D 4534.7 4.2367
6 2206.4 2.0614
7 2937.6 2.7446
8 2082.1 1.9453
2 P36 3.5051
10 4498.3 4.2027
11 A (I 2.9067
12 3976.6 3.7153
13 25 31B 2.3837
14 3209.5 3.0743
15 2651.0 2.4768
16 3925.7 3.6677
17 2529.9 2.3637
18 3241.8 3.0288
19 2774.3 2.5920
20 2971.0 2.7757
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Table 7 Maximum load (gram) and stress at maximum load (tensile bond strength) of

New-Self etched group (MPa)

Sample Maximum load (gram) Stress at maximum load (MPa)
1 3731.3 3.4861
2 2210.3 2.0650
3 2142.2 2.0015
4 3781.2 3.5328
D 3160.0 2 983
6 3090.5 2.8874
7 3578.4 3.3432
8 31153 2.9106
2 6042.5 5.6454
10 5386.4 5.0325
11 3783.3 3.5347
12 4807.0 4.4912
13 2271.2 22 19
14 3702.4 3.4591
15 3441.1 3.2150
16 3110.9 2.9064
17 5387.2 5.0332
18 3091.9 2.8887
19 3978.2 3.7168
20 5111.8 4.7758
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Table 8 Maximum load (gram) and stress at maximum load (tensile bond strength) of

Reused-Self etched group (MPa)

Sample Maximum load (gram) Stress at maximum load (MPa)
1 2321.8 2.1693
2 3553.5 3.3200
3 2482.6 2.3195
4 3654.5 3.4143
D 3955.3 3.6954
6 4056.6 3.7900
7 2920.4 2.7284
8 1960.4 1.8316
2 3226.0 3.0140
10 1313.3 1.2270
11 4128.6 3.8573
12 3760.9 3.5137
13 27A \Y 3.0140
14 3024.7 2.8259
15 3482.9 3.2540
16 3037.6 2.8380
17 4144.9 3.8725
18 2641.0 2.4675
19 1908.7 1.7833
20 3331.7 3.1128




Lawan Saipornchai

Appendix / 70

Table 9 Maximum load (gram) and stress at maximum load (tensile bond strength) of

New-Transbond XT group (MPa)

Sample Maximum load (gram) Stress at maximum load (MPa)
1 3491.9 3.2625
2 3859.5 3.6058
3 3714.1 3.4700
4 4883.0 4.5621
D 2824.0 2.6384
6 3404.4 3.1807
7 3554.6 3.3210
8 3823.7 3.5724
2 2576.8 2.4075
10 3807.9 3.5577
11 3695.9 3.4530
12 6181.1 5.7749
13 2771.2 2.5891
14 2266.1 2 Vg
15 2138.8 1.9983
16 3077.8 2.8755
17 2629.0 2.4563
18 4636.1 4.3314
19 4364.4 4.0776
20 5974.1 5.5816




Fac. of Grad. Studies, Mahidol Univ.

M.Sc. (Orthodontics) /71

Table 10 Maximum load (gram) and stress at maximum load (tensile bond strength)

of Reused-Transbond XT group (MPa)

Sample Maximum load (gram) Stress at maximum load (MPa)
1 3032.8 2.8335
2 2048.5 1.9139
3 3834.6 3.5826
4 3360.4 3.1395
D 2964.0 2.7692
6 3036.8 2.8372
7 5115.8 4.7797
8 4389.6 4.1011
2 2165.7 2.0234
10 SITE? 2.7012
11 B0 R 3.6738
12 2279.8 2.1300
13 2419.7 2.2607
14 2568.9 2.4001
15 3474.5 3.2462
16 2172.6 2.0298
17 1739.4 1.6251
18 3526.8 3.2951
19 2266.4 2.1174

20 2826.1 2.6404




Lawan Saipornchai

Appendix / 72

Table 11 Maximum load (gram) and stress at maximum load (tensile bond strength)

of New-Unite group (MPa)

Sample Maximum load (gram) Stress at maximum load (MPa)
1 9053.5 8.4585
2 9591.3 8.9610
3 7575.4 7.0776
4 5042.9 4.7115
D 9446.2 8.8255
6 6186.8 5.7803
7 7772.4 7.2617
8 6998.7 6.5388
9 /239 s 6.7641
10 4536.9 4.2388
11 4537.2 4.2390
12 7635.6 7.1339
13 8511.0 795 V]
14 5676.6 5.3035
15 11284.0 10.542
16 12756.0 11.917
17 6705.2 6.2645
18 4403.2 4.1139
19 6833.9 6.3848
20 4478.6 4.1843
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Table 12 Maximum load (gram) and stress at maximum load (tensile bond strength)

of Reused-Unite group (MPa)

Sample Maximum load (gram) Stress at maximum load (MPa)
1 8130.3 7.5961
2 4910.9 4.5882
3 3630.3 3.3917
4 5531.3 5.1678
D 3691.3 3.4487
6 6676.9 6.2382
7 10409.0 9.7251
8 6064.8 5.6663
2 P83 /2 3.6037
10 5058.7 4.7263
11 4757.1 4.4445
12 5054.5 4.7224
13 7302.0 6.8221
14 e/ 9 5.5365
15 2945.9 2.7523
16 5242.9 4.8983
17 9665.1 9.0300
18 5425.6 5.0691
19 8692.5 8.1213
20 3848.4 3.5955
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