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Department of Operative Dentistry, National Kapodistrian University of Athens, Greece

Abstract

Orthodontic brackets are cemented either to labial or to lingual tooth surfaces acting as a medium
for the delivery of forces applied by the arch wire and auxiliaries on the teeth. Among the factors
contributing to the success of this procedure, the adhesive cements play a significant role. The
adhesive cements used in order to bond brackets to dental surfaces are glass ionomer cements,
resin modified glass ionomer cements and composite resins. Composite resins are gaining more
and more ground in everyday orthodontic practice, due to their constantly improving physic-
mechanical properties, handling characteristics and due to the simultaneous improvement of curing
units, etching and bonding factors. The purpose of this literature review is the presentation of an
update on the use of resin composites in orthodontic bracket bonding in dental surfaces, according
to data based on the results of both laboratory and clinical studies.
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Introduction

Orthodontic brackets are cemented either to labial or to lingual tooth surfaces acting as a
medium for the delivery of forces applied by the arch wire and auxiliaries on the teeth. The factors
which are the main contributors for the successful transfer of orthodontic forces on tooth include
the surface preparation of the bonded enamel surface, the type of adhesive cement used, the material
as long as the surface finish of the bracket [1-3].

Among these aforementioned factors, the adhesive cements play a key role in this procedure.
The ideal cement used for orthodontic bracket bonding should exhibit enough retention to resist
displacement during normal oral function and transmit the required orthodontic forces on the tooth
itself. Furthermore, it should be easily removed once the treatment is complete, without causing any
damage to the tooth surface and, ideally, without leaving residues, which need to be removed by
drilling or air abrasion [4].

The most commonly used adhesives in order to bond brackets to teeth are composite resins,
glass ionomer cements (GICs) and resin modified glass ionomer cements (RMGICs). Nowadays, the
resin composites have gain increased popularity among the Orthodontists due to improved physic-
mechanical properties and handling characteristics. Composite resins use the micromechanical
retention of an acid-etched enamel surface and they require the application of a suitable primer/
bonding agent in order to facilitate a bond between the two surfaces.

The purpose of this literature review is the presentation of an update on the use of resin
composites in orthodontic bracket bonding in dental surfaces, according to data based on the results
of laboratory and clinical studies.

Composite Resins

Since Buonocore [5] introduced the acid etch bonding technique in 1955, the concept of bonding
various resins to enamel has developed applications in all fields of restorative dentistry, including
orthodontic brackets bonding [6]. In 1968, Newman was the first, who tried to bond orthodontic
brackets to enamel teeth surfaces using the acid etch technique and an epoxy-derived resin [7]. Acid-
etching and a bis-phenol A glycidyl methacrylate (Bis-GMA) resin was first used for direct bonding
of orthodontic brackets by Weisser [8] and Silverman et al. [9]. Since the Bis-GMA resins were
first applied in clinical orthodontic practice as adhesives, the acid-etched/composite technique has
become the most widely adopted bonding system in contemporary orthodontic practice, resulting
in many advantages, such as simple handling, good adhesion, reduced gingival irritation, improved
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aesthetics and reduction in caries [10,11].

When phosphoric acid is applied to the enamel, a selective
dissolution of the hydroxyapatite crystals occurs, leading to
microporosities throughout its surface [12]. The enamel loss during
etching is estimated to be 10 um to 30 pm [13]. When the fluid
monomers of the composite resin infiltrates into the porous enamel
and polymerized, a micromechanical bond is achieved between the
resin and the tooth surface, similar to the one between the resin and
the orthodontic bracket [14].

The first and most popular bonding resins were chemically
curing. A major drawback of such a system was the fact that the
practitioner did not have the chance to manipulate its handling time
[15]. Moreover, chemical curing composites require mixing of two
pastes, which could induce the incorporation of air bubbles into the
material, leading thus to lower mechanical properties [16]. The use of
light-cured resins for orthodontic bonding was first described in 1979
in vitro [17]. In the direct bonding technique the material is cured
under metal-based or ceramic brackets by direct illumination from
different sides and by transillumination, since the tooth structure has
the ability to transmit the visible light. The application of visible light
acts as a command set for the onset of the polymerization, resulting
in enough working time, allowing the clinician to place the brackets
properly and remove the excesses on time. The composite resins
currently available allow different types of activation; light cured,
chemically cured or dual cured [18].

The composition of orthodontic composite resins is very similar
to that of those used in restorative dentistry. They consist of an
organic matrix (Bis-GMA, TEGMA), initiators and an inorganic
filler content, which occupy approximately 77% of their total weight.
The filler content is responsible for the increase of the mechanical
properties of the material, such as strength and wear resistance [19].
The fact that their composition is similar to that of the composite
resins used in restorative dentistry has led to the indication of
low-viscosity flowable composites for bracket bonding instead of
orthodontic composite [20-22]. They merit great attention because of
two of their clinical handling characteristics, such as non-stickiness
and fluid injectability [23]. Their high fluidity could be an advantage
for bracket bonding, since a better adaptation in areas of anchorage
and regions of demineralized enamel is allowed [24]. In addition,
flowable composites are usually less expensive than orthodontic
composites [25] and their low modulus of elasticity could act as an
“elastic layer” [26], preventing stress concentration at the tooth/
bracket interface during light-activation and providing a better
allocation of the stresses generated during occlusal movements
[27]. Besides low-viscosity composite resins, resin cements are also
being used lately as an adhesive to bond brackets to enamel surface.
Light curing units used, the most light-cured resin composites use
camphoroquinone as a photoinitiator, which is sensitive to light in
the blue region of the visible light spectrum, with pick absorption at
approximately 470 nm. Once the light reaches the resin surface, free
radicals generated, initiating the polymerization process [28,29].

TQH units

Tungsten-quartz halogen curing units (TQH) have been
conventionally used as the source of visible light. TQH is an
incandescent lamp which produces a broad spectral emission. Most
of the emission is actually infrared irradiation that generates heat,
which be harmful to the dental tissues [30], and leads to overheat of
the device itself [31]. Because of all the heat generation the power

loss of the TQH reaches 70%, when at the same time, less than 1%
of the electrical energy is used for light emission. Moreover, the light
intensity decreases approximately 10% when a filter is used to reduce
infrared irradiation and obtain the optical wavelength range required
for curing the composite resins [32,33]. Another main disadvantage
of TQH is that halogen bulbs have a limited effective lifetime of
around 100 hours, above which their energy output gets more and
more decreased. TQH units deliver intensity which ranges 400 mW/
cm? to 1,200 mW/cm?. In order to achieve adequate polymerization
a 40 sec light curing time per site is required [34,35], which means
that the total light curing time approaches 15 min. Fifteen minutes
time is too long for both the orthodontist and the patient. In order
to overcome some of these disadvantages, modifications have been
performed, such as the increase of the light intensity, by the use of
improved light guides [36-38].

PAC units

As an alternative for rapid light curing, the plasma arc curing unit
(PAC) was introduced in the late 1990s. PAC uses a high-frequency
electrical field to generate plasma energy. More specifically, two
electrodes are used in order to transform xenon gas into a mixture
of ions, electrons and molecules, releasing a significant amount of
energy as plasma. PAC produces high intensity lights delivering
up to 2,000 mW/cm? and the light can be filtered to a narrow
bandwidth concentration of 450 nm to 500 nm for peak absorption
by camphoroquionone [39]. An irradiation time of 6 sec to 9 sec is
sufficient in order to achieve an adequate resin polymerization, equal
to that achieved by a 40 sec exposure of a conventional TQH [40,41].
Their lifespan is up to 5,000 hours. However, PAC units have several
disadvantages, such as their high purchase cost, their relatively large
size and their complex construction [42].

LED units

Light curing units with gallium nitride blue light emitting diodes
(LED) have also been developed [43]. Their spectral output falls
within the absorptive region of camphoroquinone, which means
that no filters are required for the production of blue light. LEDs
incorporate two connected solid semiconductors with an electric
charge supplied from a battery. Their spectrum flux is concentrated
over a much narrower bandwidth than that of TQH or PAC [44-
46]. Energy is released almost exclusively as light energy, generating
minimal heat. LEDs have many advantages compared to TQH or
PAC such as a lifetime over 10,000 hours, invariable output energy
over this term without any degradation and suitability for portable
use because of their small size, low energy consumption and high
resistance against shock or vibration. They produce between 410 nm
to 500 nm. Advances in the power output of LEDs have allowed LEDs
to achieve emission intensity up to 1,600 mW/cm?, decreasing even
more the curing time. The curing time per bracket for a LED unit is
estimated to be 9 sec to 10 sec.

Several in vitro, in vivo studies and systematic reviews have been
conducted, comparing the performance of the three light curing
systems. In 2008, Koupis et al. [45] conducted a study focused on the
failure rate of two polymerization sources, a TQH lamp (Ortholux
XT lamp, 3M, USA) and a LED lamp (Ortholux LED, 3M, USA).
Although the overall failure rate recorded with the halogen unit was
not significantly different than the one recorded with the LED unit,
the duration of the polymerization with the halogen lamp was twice
as long as that with the LED unit. Mean failure risks identified for
each polymerization system are comparable: 4.3% to 5.8% for halogen
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units, 5.3% for plasma arc and 4.3% for LED units. In 2010, Retamoso
et al. [47] conducted a similar search, comparing the shear bond
strength of brackets bonded with an orthodontic composite resin,
Transbond (3M, USA), and light cured either with a halogen light
device (Ortholux XT lamp, 3M, USA) or a LED device (Ortholux
LED, 3M, USA). Although the light curing units did not influence
at all the shear bond strength, the use of the LED device reduced
the experimental time by approximately 60%, with the same curing
efficiency as the halogen device. Both halogen and LED curing units
seem to provide comparable shear bond strengths, when bonding
orthodontic brackets [48]. However, the light intensity of LED units
seems to decrease with distance, consulting into lower shear bond
strengths [49]. According to the study of Cacciafesta et al. [50] in 2005,
using the LED light, a greater light-tip distance produced significantly
lower shear bond strength values, whereas using the plasma arc lamp,
a greater light-tip distance caused significantly higher shear bond
strength values. The decrease in power output, leading to lower shear
bond strength values, started when the LED curing unit was placed at
a light-tip distance of 6 mm. The halogen light showed no significant
differences among the different distances.

According to a survey of 2010, the light source of choice among
the orthodontists in the United States seems to be the LED curing
unit (64.1%), probably due to the reduced chair timing it provides.
The second unit of choice seems to be halogen lamp (26.2%), while
only 6.9% of them seem to prefer plasma lights [51-53].

Enamel Preparation

Primers

One of the main factors affecting the bond strength between
the brackets and the enamel surface is the preparation of the tooth
surface. Acid conditioning transforms the enamel surface from
a low-energy hydrophobic surface to a high-energy hydrophilic
surface, resulting in increased surface tension and wettability [54].
Orthophosphoric acid in concentrations ranging from 2% to 85% has
been widely used to condition the enamel surface prior to orthodontic
brackets bonding procedure [55-57]. The indicated application
time is 30 sec. Other conditioning procedures have occasionally
included the use of maleic acid [58,59]. Phosphoric acid and maleic
acid etch the enamel surface in a similar way, although 10% maleic
acid seems to remove significantly less enamel than 35% phosphoric
acid gel [60]. The reaction products of these acids, however, differ:
the reaction product of maleic acid is calcium maleate, whereas for
phosphoric acid, whose concentrations exceed 27%, the principal
reaction product is monocalcium phosphate monohydrate. Both
products are soluble and thoroughly removed when the tooth surface
is washed prior to drying and application of the adhesive [61]. The
reaction product of phosphoric acid in concentrations less than 27%
is dicalcium phosphate dihydrate, which is less soluble and could
therefore have an adverse effect on the bond strength. However, the
bond strength produced by phosphoric acid conditioners in these low
concentrations is within acceptable limits. It has been suggested that a
clinically adequate bond strength value for an orthodontic bracket is
in the range of 6 MPa to 8 MPa, and all phosphoric acid conditioners
and 10% maleic acid conditioners are well within or exceed these
limits (etching with 37% phosphoric acid provides a SBS of about
13 MPa) [62]. Phosphoric acid conditioners in concentrations of
2% have been shown to result in minimal loss of superficial enamel
with a considerable reduction in the length of resin tags [63]. As
regards to the clean-up procedure, it seems to be more difficult when

enamel is conditioned with 37% phosphoric acid compared to a 2%
conditioner. The resin remnants in the first case need to be removed
by carbide burs, whereas in the second case are easily scraped off with
a scaler [63].

The phosphoric acid etch-and-rinse technique requires rinsing
and drying the tooth after application of the etching agents. This
procedure is sometimes troublesome and there is always the risk of
saliva or blood contamination during the etching process, resulting
thus to the deterioration of the bond strength [64,65] or form the
need to repeat the procedure. Moreover, phosphoric acid techniques
are associated with enamel loss, a risk of enamel cracks after
debonding, and decalcifications, resulting into the formation of white
spot lesions around bonded orthodontic appliances. In conservative
dentistry, self-etching primers are being used more frequently to
replace the phosphoric acid etch and rinse technique. They function
both as etching agent and a primer. The procedure that rinsing off the
enamel surface after its application is not required, results into the
reduction of the number of clinical steps and minimizes the clinical
operation time (approximately reduction of about 8 min). The shear
bond strength they provide is slightly lower than that of phosphoric
acid etching technique [66], but similar to that provided by RMGICs.
Additionally, it has been shown that self-etch primers provide a
clinically acceptable for orthodontic bonding bond strength of 12
MPa to 20 MPa (25% reduction in their mean bond strength), even
when the enamel surface is contaminated with saliva [67], and they
appear to have a lower decalcifying ability [68]. Since the purpose is
not to obtain the highest possible bond strength, but adequate bond
strength for orthodontic treatment purposes and conditions for the
safe debonding, the self-etch primers seem to perform well. It has to
be noted, though, that not all self-etching primers perform equally,
since their concentrations in phosphoric acid differ.

In order to reduce even more the decalcifying ability of self-etch
primers, experimental one-step or two-step bonding systems which
incorporate antibacterial substances have been introduced into the
market. The bond strength of one- and two-step self-etching adhesives
has been reported comparable with conventional adhesive systems
[69,70] and acceptable for orthodontic bracket bonding, since they
provide a bond strength of approximately 9.50 MPa [71,72]. These
products contain MDPB (12-methacryloyloxydodecyl-pyridinium
bromide), an antibacterial monomer, which copolymerizes with other
monomers after curing and the antibacterial agent is bonded to the
polymer network, acting as contact inhibitor against the bacteria that
attach to the surface [73]. Studies have confirmed the antibacterial
ability of MDBP-containing primers and validated their usefulness
[74]. Their antibacterial effect in combination with their simplified
application procedures makes them a good choice for orthodontic
bonding.

Under the same philosophy, newer self-adhesive cements have
the potential to further simplify the bonding process, by reducing
the process of bonding orthodontic brackets to a one-step procedure,
since they theoretically do not require an etching or bonding step.
Self-adhesive cements become the material of choice in many dental
procedures. As regards the orthodontics, there are limited data
evaluating these cements. The existing in vitro studies agree that the
shear bond strength they provide is significantly lower than that of the
traditional three- or two-step adhesive systems [75], but they present
contradictory results as far as their clinical acceptance is regarded.
Some studies show that the bond strength provided by self-adhesive
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cements is within the clinical acceptable limits (8 MPa), while others
report shear bond strength below these limits (5 MPa to 6 MPa)
[76]. The manufacturers should consider changes in the consistency
and composition of self-adhesive cements for them to be potentially
useful for successful bonding orthodontic brackets to enamel.

Supplementary techniques

A number of techniques used on bracket surfaces have been
reported to increase bond strength between brackets and enamel.
Micromechanical bonding systems, such as sandblasting with
aluminum oxide particles remove the unfavorable oxides from the
tooth surfaces, create a very fine roughness, increase the surface area,
thereby enhancing mechanical and chemical bonding [77].

Advances in silane coupling agents contribute to high bond
strengths by promoting a chemical bond between composite resins,
ceramics and metals [78,79]. The application of a silane agent to
base metal and silica-based ceramic surfaces after sandblasting with
aluminum oxide particles produces higher bond strengths [79,80]
compared to no treated surfaces.

The air abrasion technique based on tribochemical silica coating
provides ultrafine mechanical retention and is also used as a silane
coupling agent. The effect of tribochemical silica-coating system on
bond strength can be explained by two mechanisms: a) the creation of
a topographic pattern allowing for micromechanical bonding among
the bracket, the resin luting agent and the enamel, and b) the chemical
bond formed between the silica-coated metal and ceramic surface and
resin material [81]. It has been reported that the airborne particles
can penetrate up to 15 pm into the ceramic and metal substrates [82].

Shear bond strength seems to be significantly increased after
sandblasting and/or after silanating. Newman et al. [79] reported
that the bond strength of metal brackets after sandblasting was
10.9 MPa, after sandblasting and silanating 11.9 MPa, with Rocatec
System 10.8 MPa and with Silicoater Classical 13.2 MPa, when the
control group with no preparation provided a shear bond strength
of 9.0 MPa. Atsu et al. [80] reported even higher shear bond values:
14.2 MPa when stainless steel orthodontic brackets were bonded
after treatment with silica coating and silanization in comparison to
11.9 MPa of the control group with no treatment. Sandblasting with
larger size abrasive particles (90 um) shows significantly higher SBS
values compared to that of smaller size abrasive particles (50 um).
Air abrasion without acid etching results in significantly lower bond
strength and should not be advocated for clinical use [83-85].

Another way to prepare the enamel surface is by laser ablation. It
seems that laser ablation provides similar SBS values as acid etching
[86], whereas their combination provides no clinically significant
further SBS values. Er: YAG laser, CO, laser and Ti: Sapphire laser are
some of those that have been tested in comparison to conventional
acid etching technique. Er: YAG laser results in better SBS values
when the enamel surface is pretreated with quantum-square pulse
mode [87], preparation with CO, laser provides lower SBS values than
that of primary preparation with acid etching [88], whereas enamel
preparation with Ti: Sapphire laser provides higher SBS values
than both conventional acid etching technique and Er: YAG laser
pretreatment [89].

Resin infiltration technique

The resin infiltration technique is basically applied on tooth
surfaces in order to prevent the evolution of white spot lesions or to
aesthetically improve them. Clinical follow-up studies have proved

this concept to be more effective in stopping the progression of
a carious lesion within 1.5 year of observation, in comparison to
fluoridation measures [90]. Preconditioning with the caries infiltrant
system seems to increase the shear bond strength of most orthodontic
resins to sound and demineralized enamel. At the same time, the risk
of enamel fractures while debonding is reduced and the amount of
residual resin remains unchanged [91].

Cytotoxicity

Although the development of orthodontic resins is satisfying,
their biocompatibility is still an issue. Polymerization process of dental
resin based materials is usually incomplete under clinical conditions,
even when mixed according to manufacturers' instructions. Leaching
from resin composites may occur either during the setting period of
the resin (related to the degree of conversion) or later when the resin
is degraded [92]. Substances released from orthodontic composites
may cause a reaction (inflamation or necrosis) in adjacent tissues,
such as the oral mucosa and gingiva, or the aveolar bone. There are
several ways that materials may influence the health of soft tissues: by
delivering water soluble components into the saliva and the oral cavity
or by interacting directly with adjacent tissues [93]. The resin matrix
of the orthodontic composites consists of mainly two monomers (bis-
GMA and TEGDMA), while other co-monomers (HEMA, EGDMA,
DEGMA) and components, such as photo-initiators, inhibitors,
ultraviolet absorbers, photo-stabilizers and pigments, co-exist. Both of
bis-GMA and TEGMA have been implicated in a variety of cytotoxic
responses observed in tissues. TEGDMA causes large deletions of
DNA sequences, leading to chromosomal aberrations [94], whereas
bis-GMA concentrations of 5 umol/L produce a depression of DNA
synthesis. Swallowed HEMA/TEGDMA gets almost completely
absorbed by the organism. Additionally, resin adhesives around the
bracket bases are under the influence of atmospheric oxygen, which
compromises its polymerization reaction, leading to the increase of
non polymerized monomers, resulting into more cytotoxic reactions
[95]. Single-cure systems exhibit comparatively less cytotoxicity and
higher degree of conversion, proving superior to dual-cure systems
[96].

Clinical Recommendations

1. The light-cure tip should be kept as close to the adhesive
resin as possible.

2. Irradiate around the bracket edges instead of irradiating
through the bracket.

3. Excess removal is usually done after 2 sec to 5 sec of light
cure and final curing is done after that.

4.  Patients should rinse their mouths during the first hour
after bracket bonding, for it might prevent their exposure to the
potential hazard of leaching monomers[97].

Bonding to Different Substrates

Amalgam

In adult orthodontic patients, and occasionally in adolescents as
well, amalgam restorations exist on the buccal surfaces of posterior
teeth. In such cases, successful bonding of orthodontic attachments
to amalgam surfaces is pretty challenging. This clinical problem led to
the investigation of several procedures in order to improve the SBS in
such cases. These procedures include surface treatment and the use of
intermediate resins and adhesives which chemically bond to metals.
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Surface treatment procedures include roughening the amalgam
surface with a diamond bur, sandblasting [98-100], Ga-Sn liquid
application [101], and chemical corrosion [102]. Sandblasting is the
most common method used for surface preparation, since it creates
scratch-like irregularities that increase bond strength. Air abrasion
also increases the surface area of Co-Cr and Ni-Cr alloys leading to
improved adhesion to resins containing 4-META [103]. In addition to
mechanical retention, bonding to metal has the advantage of chemical
adhesion. Therefore, adhesives chemically bonded to amalgam, such
as 10-methacryloyloxydecyl dihydrogen phosphate bis-GMA resins
or 4-META, which forms hydrogen bonds with the oxygen and
hydroxyl groups in the metal oxide layer, are recommended [104].
The mean SBS values of stainless steel orthodontic brackets bonded
to amalgam surfaces are significantly lower than those of brackets
bonded to etched enamel, yet clinically acceptable [105]. Bond
failures occur at the amalgam-adhesive interface regardless of the
adhesive system and without any damage to the amalgam restoration.

Porcelain/ceramic restorations

Apart from amalgam restorations, many adult patients seeking
orthodontic therapy have porcelain/ceramic restorations as well.
When bonding to porcelain adequate bond strength is desired, with
easy removal to avoid damage of the restored teeth. Several techniques
have been used to bond brackets to porcelain surfaces and they differ
in surface preparation and bonding agents applied. The adhesives
used to bond brackets to ceramics (composite resins, RMGICs) seem
to provide similar SBS values [106]. Surface preparation includes the
application of different acids (orthophosphoric acid or hydrofluoric
acid), treatment by different laser techniques, roughening by diamond
burs, sandblasting and silanization. The use of hydrofluoricacid greatly
increases the bond strength. This is due to the acid's ability to react
with the silica phase, creating micromechanical retention through
microchannels. Over time, the glassy matrix partially dissolves and
increases the formation of such retentive channels. Longer etching
time increases the bond strength as it allows the acid to react with
the ceramic matrix even further. Considering the harmful effects of
etching with HFA, mechanical roughening with sandblasting or mby
diamond burs is recommended. In any case, the bond strength of
brackets bonded to porcelain is further improved by the application
of silane, which has the ability to form chemical bonds with inorganic
and organic surfaces [107,108]. Yet, not every brand provides the
same SBS values [108]. Conventional technique of HFA etching
and silanization, sandblasting and silanization, orthophopsphoric
acid etching and silanization, and HFA etching alone show higher
SBS values than laser etching in combination with silane application,
whereas orthophosphoric acid etching alone and sandblasting alone
show lower SBS values than laser application alone [109,110]. Nd:
YAG laser seems to be an acceptable substitute for HFA, however
the Er: YAG laser is not acceptable option [111]. The best protocol
for bonding to porcelain described is acid etching with 9.6% HFA,
rinsing for 30 sec, air-drying and silanization [112]. However, there
are differences between various ceramic surfaces and brands, such as
dissimilar particle size and crystaline structure, leading to higher or
lower bond strengths. Higher SBS values are presented by Empress II
and Finesse, ceramo-metal and in-ceram have comparable SBS, while
IPS Empress shows the weakest bond strength [112-116].

Bleached teeth

Various bleaching agents and methods exist to whiten discolored
teeth at the office or at home. The results of the studies studying the

affect of bleaching to the bond strength of orthodontic brackets are
controversial: there are studies reporting no adverse effect on the
SBS of orthodontic brackets [117], and there are others reporting
considerable reduction of SBS values subsequent to bleaching
[118]. The reduced SBS values may be attributed to alterations in
the microstructure of bleached enamel surfaces after acid etching,
including reduced micro hardness, calcium loss, over etching and
loss of enamel prisms [119], or other underlying mechanisms, such
as the release of oxygen radicals on the enamel surface by residual
components of bleaching agents [120].

In order to avoid bonding failure on bleached teeth, several
methods have been proposed. These methods include the avoidance
the bleaching process until the orthodontic treatment is completed,
the delay of bracket bonding up to 4 weeks after bleaching, pumicing
the bleached teeth and the application of antioxidant agents, such
as 10% sodium ascorbate or 10% a-tocopherol, prior to bracket
bonding, in order to neutralize the effect of released oxygen radicals
from residual components [120]. Antioxidant agents seem to increase
the SBS of orthodontic brackets bonded to bleached teeth, even when
applied 3 h after the bleaching procedure. The application time
needed in order the gel to be efficient is at least 60 min therefore its
application by the patient might reduce chair time [121].

Fluorosis

Although the enamel crystals in fluorosed teeth may be separated
by larger inter-rod spaces, no other significant difference in the
enamel crystals is observed compared to those of non-fluorosed teeth
[122]. However, there are several studies reporting that fluorosis
has a negative influence on the SBS of orthodontic brackets [123].
Enamel fluorosis significantly decreases the SBS of orthodontic
brackets when standard etching protocol is used, yet satisfactory SBS
is obtained when self-etching primer is used for bonding brackets to
flurosed teeth [124]. Further improvement of the SBS values shall
occur when the fluorosed enamel surface gets air abraised prior to
etching procedure [125], or by the application of the resin infiltration
technique [126].

Debonding

When a bonded bracket is removed failure can occur at one
of the three interfaces: between the adhesive and enamel surface,
within the bonding material itself, or between the adhesive cement
and the bracket. The interface between the adhesive cement and
the bracket is the most usual site of failure [127] and the remaining
adhesive must be removed. The use of adhesive-removal pliers may
cause pain, while physical changes to the enamel can occur as well,
ranging from surface roughening to microscopic fractures. A wide
variety of instruments and procedures has been introduced as a result
of the search of an efficient and safe method of adhesive removal after
debonding. These include manual removal with the use of scaler or
a band removing plier, various shapes of tungsten-carbide burs with
high or low speed hand pieces, specially designed burs which are less
aggressive to the enamel, Sof-lex discs, special composite finishing
systems with zirconia paste or slurry pumice, ultrasonic applications,
while methods such as CO, laser application or powder abrasive
systems are quite promising [128]. The color of the enamel can also be
affected both by debonding and by the following cleaning procedures
[129]. Changes in the color of the enamel may also result from the
discoloration of the residual resin irreversibly penetrated the surface,
despite the cleaning procedures. The average depth of penetration
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ranges between 8 pm and 15 pm, with maximum tag lengths ranging
up to 50 um. Removing all these residues would signify a considerable
loss of sound tooth structure. Most desirable would be the availability
of a bonding agent with both the least discoloration potential and the
ability to remove its residue by a simple protocol. When the brackets
are bonded with the etch-and-rinse or self-etching systems, cleaning
the adhesives with Stain bluster burs is recommended, whereas
for the RMGICs, tungsten carbide burs may provide less enamel
discoloration in the long run. The combination of etch-and-rinse
system and tungsten carbide burs is not recommended for clinical
use, since it seems to cause the highest color change [130].

In general, the weaker chemical bonding between GICs/RMGICs
and the enamel makes it easier for the clinicians to clean up the
adhesive on the enamel surface after debonding in comparison to
when brackets are bonded with composite resin.

Failures

Bonded brackets should ideally remain attached to the tooth
surface throughout the whole treatment, whereas the bond strength
of the bonding material should be sufficient to resist tensile, shear,
torque and peel functional stresses [131]. Bond failure, however, is
encountered frequently during treatment and may be influenced by
the micro structure of the bracket base, etching time, the etching
system, the bonding agent and the bonding technique used. In
addition factors related to the operator, such as moisture control
during bonding procedure, choice of bonding material, choice of
brackets or instructions given to the patients, and patient, such as
sex, age, malocclusion and dental hygiene, are likely to influence
the failure rate of any bonding system. Most fixed appliance
orthodontic treatments last about 18 months. The more limited the
bond failure is during this period of time, the better for the clinical
result. The acceptable levels of bond failure for in vivo use are 4% to
10%. According to the literature, composite resins have an average
failure rate of about 6% (study results range between 4.7% and 8.3%)
[132]. These failure rates are comparable to those of RMGICs, when
applied in combination with prior etching. Their average failure
rate is 7% (with studies reporting failure rates from 5% to 8.9%).
Higher failure rates are expected when the enamel is dried prior to
bonding with RMGICs [133]. Both composite resins and RMGICs
have significantly lower failure rates than GICs, which seem to have
a failure rate ranging from 12% to 50%. The disadvantage of extra
bracket failures appears to outweigh any potential advantages when
considering GICs for bonding of orthodontic brackets.

Even though bonds can fail on any tooth at any time,
generalizations have been made, such as that most failures occur at
the bonding visit or some time before the first post bonding visit,
incisors and canines have fewer failures than premolars, maxillary
canine bonds are more successful than mandibular canine bonds
or that clinically anterior bonds separate more at the bracket/ resin
interface, whereas posterior teeth are more likely to demonstrate an
enamel/resin break [134]. In any case, bond failure is of particular
concern clinically and its cause should be ascertained and addressed
accordingly whenever possible.

Rebonding

Bracket rebonding is a frequent and undesirable problem during
orthodontic treatment, while, sometimes, rebonding is intentional, in
order for the bracket to be located in a more appropriate position.

As regards to the SBS values of rebonded brackets the results
in the existing literature are contradictory. There are studies
supporting limited SBS values, and the fact that the new bond failure
rate increases up to 10% to 25%, as a result of the alteration in the
enamel microstructure, due to the remaining residual adhesives on
the enamel surface, even after the enamel clean-up procedure. Other
studies claim that when the conditioner is reapplied on the enamel
surface dissolving the enamel prisms which support the remaining
resin tags, these resin tags acquire a mushroom-like shape, allowing
the resin to extend under them, thus increasing the micromechanical
retention and the bond strength. Different enamel treatment methods
have been proposed prior to rebonding, such as acid etching alone
(self-etch primers seem to provide not only comparable, but even
higher bond strength than that of the conventional phosphoric
acid after the first debonding) [135] or in combination with surface
roughening by sandblasting (although it seems not to have any
major benefit in terms of increasing the SBS compared with acid
etching alone) [136] silane application (especially when rebonding
ceramic brackets ) and the use of adhesion boosters. At last, there
are also studies supporting that omitting the acid etching step can
achieve adequate SBS values, since the surface of the enamel after the
cleanup procedure is more active and available for chemical bonding.
Cleaning the enamel surface with low-speed TCB, high-speed TCB
or Solf-Lex discs, the shear rebond strengths are even higher than the
initial bond strengths.

When rebonding, the time it takes to clean, prepare and bond
a new bracket can be disruptive in a busy practice and might also
lengthen the overall treatment time. If debonding is carried out in
a way that the bracket is removed without any damage, it can be
reused following different forms of processing. Whether a bracket
can be recycled or not, depends on both the adhesive and the removal
device used. For example, GICs and RMGICs are easier to remove
than composite resins, and regardless of the adhesive used, brackets
removed with a lift off de-bracketing instrument or air pressure
pulse device seem to be always reusable, whereas brackets removed
with removal pliers or side cutters not. The SRS of recycled brackets
is affected by several factors including microscopic damage to the
bracket base, base design, and amount of remaining adhesive on the
bracket base, as well as the method used for the adhesive removal.
Treatment of recycled bracket surface with Er: YAG seems to provide
SRS values comparable to those of sandblasted brackets, both
significantly higher than treatment with CO, laser, causing minimum
damage to the bracket base.
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