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ORTHODONTIC ADHESIVES
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INTRODUCTION

Fewer aspects of orthodontics has received much attention as the
bonding of orthodontic brackets to the enamel surfaces of the
teeth. The advent of this system has brought about a radical change
in the concept of orthodontic attachment procedure. Bonding of
orthodontic attachments to enamel has been in use for over 50
years. Since its introduction by Newmann, it has become widely
accepted by orthodontists throughout the world.


	
Orthodontic devices should interfere minimally with the patients
comfort, appearance, oral function, and hygiene. Although various
dental cements and resin adhesives are used to attach orthodontic
devices to teeth, the higher-strength dental cements and improved
resin adhesives permit the use of smaller, more patient-friendly
orthodontic devices. New orthodontic cements, adhesive resins, and
hybrid cement-resin combinations offer improved physical properties
and clinical benefits, but there are clear differences in the
clinical indications and contraindications for each class of
material. With an understanding of the features, benefits, and
limitations, the practitioner can choose the material wisely to
obtain optimal results.


	
HISTORY AND EVOLUTION of BONDING SYSTEMS

The adhesive material initially used were essentially acrylic
resins; but now most of the adhesive systems are composite resins
based on bisGMA system. Modifiaction of adhesive formulation over
the past 50 years have led to current availability of single paste
self cured composites, light activated direct bonding materials,
light cured glass ionomer cements, compomers, cynoacrylates,
adhesive precoated brackets, acidic primers and adhesion promoting
agents.


	
The introduction of an acid-etching technique in the 1950s to
bond dental restorations to tooth structure was the breakthrough
point in the history of orthodontic bonding. Buonocore (1955)
introduced acid etching of enamel by treating enamel surface with
85 % phosphoric acid and concluded that it increases the surface
area of enamel and produced mechanical interlocking of enamel Bowen
(1962) developed bisGMA (bisphenol A diglycidyl dimethacyrlate)
system by combining acrylic and epoxy resin. His monumental work on
resin research was responsible for the quality of presently
available commercial resin.

Newman GV (1965) introduced direct bonding technique by using
Bowens resin with acid etching technique. Bowen (1965) advocated
Adhesion Booster, a tooth surface primer, to increase the bond
strength of composite resin to tooth surface.

Smith (1968) introduced Zinc polyacrylate (carboxylate) cement,
and bracket bonding with this cement was reported.


	
Wilson and Kent (1972) introduced glass ionomer cement to
restorative dentistry by combining powder of silicate cement with
liquid of polycarboxylate cement to achieve the benefit of both.
This was popularized into orthodontics by White (1986) who
described a method of bonding bracket to enamel surface with
restorative glass ionomer cement. Silverman and Cohen (1972)
introduced indirect bonding which seemed to offer further
advantages. They used methylmethacrylate adhesive to attach to
plastic brackets to model cast in laboratory. An unfilled bisGMA
resin was used as an adhesive between etched enamel &
previously placed adhesive.

1970s - several articles appeared on bonding attachments with
different adhesives. Mirua et al described an acrylic resin
(Orthomite), using a modified trialkyl borane catalyst, that proved
to be particularly successful for bonding plastic brackets and for
enhanced adhesion in the presence of moisture. Also diacrylate
resins, as both sealants (e.g., Nuvaseal) and adhesives, were
introduced in orthodontics. The most widely used resin, commonly
referred to as Bowens resin or bisGMA, was designed to improve bond
strength and increase dimensional stability by cross-linking.


	
Maijer and Smith (1979) introduced the Crystal Growth Theory for
promoting bonding between resin and enamel by using sulfated
polyacrylic acid solution. Later Artun and Bergland after an
extensive evaluation of crystal bonding, concluded that although
debonding and cleanup procedures were easy, bond failures proved to
be very high.

Kaizere, Tencate and Arends (1976) investigated a number of
resin systems on their adhesive bonding onto enamel as well as to
bracket. The maximum bond strength to enamel was found to be 121
kg/cm2 and the same for bracket was 53 kg/cm2. This revealed that
the attachment of adhesive to bracket is the bottleneck of direct
bonding procedure. Terhune and Davidson (1983) found that all
bonding adhesives showed some cytotoxicity immediately after
preparation, with the activator component of no-mix materials
exhibiting highest toxicity.

Nishida and Yamauchi (1993) researched the development of a new
bonding system, which combines the conditioning and priming agents
into a single acidic primer solution, for simultaneous use on both
enamel and dentin


	
Kusy (1994) advocated the use of GIC for bonding because these
cements do not need etching or cause damage to enamel during
bonding.

Silverman and Cohen (1995) were the persons to introduce Light
cured Resin Reinforced GIC in orthodontic bonding procedure. After
their extensive study they concluded that, it eliminates need of
etching, priming and keeping the field dry during the procedure,
thus saving chair time. In addition it provides protection against
tooth decalcification due to fluoride release.

(1996) In an attempt to save chair side time during bonding,
adhesive precoated ceramic and metal brackets were introduced. The
adhesive used on the precoated brackets is similar in composition
to that used for bonding uncoated brackets; the differences are
essentially in the percentages of the different ingredients
incorporated in the material.

(1998) Shortly after the introduction of RMGICs, compomers were
introduced to the market. They were marketed as a new class of
dental materials that would provide the combined benefits of
composites (the comp in their name) and glass ionomers (omer).


	
Thomas W. Ortendahl (2000) introduced Cynoacrylate as a new
adhesive material in orthodontics with great bond strength.

(2001) New hydrophilic enamel primers for use in orthodontic
treatment were formulated with alcohol and/or acetone as
ingredients to displace moisture from the enamel surface isolated
for bonding. These primers were later researched to play a role in
the successful bonding to a contaminated enamel surface.

Ajlouni and Bishara (2004) In an attempt to overcome some of the
limitations and concerns associated with the traditional
composites, a new packable restorative material was introduced
called Ormocer, which is an acronym for organically modified
ceramic technology. Ormocer materials contain inorganic-organic
copolymers in addition to the inorganic silanated filler particles.
Ormocers are described as 3-dimensionally cross-linked copolymers.
The abundance of polymerization opportunities in these materials
allows Ormocers to cure without leaving a residual monomer, thus
having greater biocompatibility with the tissues.


	
ADVANTAGES AND DISADVANTAGES OF BONDING [Sidney Brandt et al JCO
1975]Early bonding systems consisted of brackets welded onto bands
bonded to enamel with zinc phosphate cement. Apart from esthetic
considerations, this approach presented other serious disadvantages
such as:

The requirement of excessive chair time.The necessity of
frequent screening for development of caries or decalcification of
underlying tooth structure.The pronounced effect on periodontal
health due to chemical and mechanical irritation of the gingiva
caused by cements and the accumulated plaque.The requirement of
additional arch space to accommodate placement, thus affecting
consideration of extraction in borderline cases and complicating
the debonding owing to the interdental space present.


	
Advantages:Decalcification is no longer a potential problem. Any
approach to orthodontic therapy that helps preserve the integrity
of tooth substance should be of utmost importance to practicing
orthodontists.

2. Bonding eliminates the need for constructing as many metal
bands. Fitting and cementing metal bands may create some pain and
discomfort.

3. Elimination of spaces following appliance removal.

4. Separating wires are unnecessary.

5. Control over partially erupted and impacted teeth can be
attained more readily.

6. The problem of teeth difficult to band is solved.


	
7. Besides attaching brackets, bonding can be used for securing
lingual attachments, (cleats or buttons) and mandibular retainers.
It has been used for controlling teeth that have been traumatized.
Periodontists are splinting mobile teeth together for gingival
treatments, Bonding has a broad and constantly increasing
application in dentistry. 8. Interproximal caries can be detected
more readily

9. Teeth can be stripped while all appliances are still in
position. 10. Patients using Dilantin may benefit with bonding.
Such medication may cause some swelling of the gingival
tissues.

11. Retention can be implemented even before active treatment is
actually completed.

12. Esthetics.


	
Disadvantages:Technique sensitive.Can affect periodontal health
due to gingival irritation caused by plaque accumulation.Failure to
remove the flash can eventually lead to white spot lesions. Removal
of the residual adhesive after debonding without enamel damage is
difficult. Leaching of toxic products.The necessity for the
orthodontist to follow instructions exactly as prescribed.
Extravagant claims are perhaps premature. It should not be expected
that every bonded attachment will remain secure for prolonged
periods of time, any more than every band will. Failures must be
expected when bonding is done in large numbers.


	
REQUIREMENTS OF A GOOD ADHESIVE [Sidney Brandt et al JCO
1975]The bonding agent an orthodontist selects for use on his
patients should have certain qualities:It should not have any toxic
effects.It should polymerize at or near body temperature with
minimal shrinkage.It must have minimal expansion and water
absorption.It must produce a lasting bond.It should be strong
enough to resist masticatory forces.It should be easily
incorporated into a busy practice, so that the efficiency of the
office routine can be improved .It should not require the purchase
of any additional major items of equipment.Premedication should be
unnecessary.


	
9. The operator should have the option of being able to bond
directly or indirectly.10. The material should be stain
resistant.11. There should be sufficient working time before
setting occurs.12. The material should be capable of being added
to, such that correcting a shy spot is not an involved
procedure.13. Replacement of a loose bond should be able to be
accomplished with a minimal amount of effort.

The optimum bond strength recommended for successful clinical
bonding is 6-8 MPa or 60-80 Kg/cm2 (Reynolds BJO 1975).


	
THEORETICAL CONSIDERATIONS IN USING AN ADHESIVE

Prophylaxis:A thorough prophylaxis of the tooth surface to be
bonded is essential. Pumicing the teeth eliminates the soft organic
layers and thus increases the wettability. Laboratory pumice is
generally used as this is free of any flavouring agent or oil.


	
Etching:Buonocore in 1955, using techniques of industrial
bonding, postulated that acids could be used as a surface treatment
before application of the resins. He subsequently found that
etching enamel with phosphoric acid increased the duration of
adhesion under water. A tremendous increase in the surface area was
created and the wettabilty of the enamel was increased allowing for
better contact between adhesive and tooth. Acid etching with 37%
phosphoric acid or gel for 15 to 60 seconds was found to produce
effective results.


	
Sealing:Following the procedure of etching, a thin layer of
sealant is applied over the entire etched enamel surface. Excess
sealant can cause bracket drifts and unnatural enamel topography
when polymerized. The sealant layer does not polymerize, but
polymerizes with the adhesives. It increases bond strength and
resistance to microleakage. According to Joseph et al (JCO 1992)
and Zachrisson et al (AJO1979), the sealant film on the facial
tooth surface is so thin that oxygen inhibition of polymerization
is likely to occur, through the film with autopolymerization
sealants. With acetone containing and light polymerized sealants,
non-polymerization is not a problem. Ceen and Gwinnett (AJO 1980)
observed that light polymerized sealants protect enamel adjacent to
brackets from dissolution and subsurface lesions whereas chemically
cured sealants polymerize poorly, exhibit drift and have low
resistance to abrasion. They further found that sealants permit
easier bracket removal and protect against enamel tearouts at
bebonding, particularly when sealants with small filler particles
are used. Conversely, studies by Mitchen JC et al (JADA 1974) and
Adipronto S et al (JDR 1975) have shown that sealants reduce bond
strength, increase marginal leakage and cause white spot
decalcification as a result of low abrasion.


	
Bonding: This procedure consists of four steps:1. Transfer2.
Positioning3. Fitting and 4. Removal of excess


	
ENAMEL-ADHESIVE RESIN INTERFACE 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 protruberances. This is
similar to intertubular dentin hybridization in dentine 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.


	
BONDING AGENTS

Unfilled resins have traditionally been utilized as bonding
agents in resin composite bonding systems. The basic difference
between these fluid bonding resins and the resin composites is the
absence of filler particles in the former. The compositions of
these systems differ from those of their composite counterparts in
the increased proportion of the comonomer (e.g., TEGDMA) relative
to the monomer. The use of these unfilled resins is based upon
their lower viscosity and thus superior diffusion into the enamel
rods, resulting in improved interfacial adaptation.


	
Observations of the polymerization mechanisms and postcuring
properties for the bonding agents have been reported over the past
years. Since the polymerization shrinkage is directly related to
the resin volume, the unfilled resins are expected to experience
higher shrinkage, thus potentially reducing the extent of enamel
coverage. Also, the incorporation of a higher percentage of
comonomer in these materials may result in excessive shrinkage. In
addition these unfilled resins have been found to exhibit increased
water sorption, as well as increased thickness of the
oxygen-inhibited layer, because of two factors: the enormous
surface-to-volume ratio involved, and the clinical procedure for
placement of the resins in the enamel surface.


	
Oxygen inhibition of polymerization has a detrimental effect on
properties of the adhesive, causing a variation in hardness and
other physical properties between the surface layers and the bulk
resin.

Two different approaches have been utilized to avoid the
diffusion of oxygen into the polymerizing composite:

Shortening of the exposure time to the air prior to complete
curing. This approach includes the utilization of more powerful
curing lights, incorporation of faster reacting monomers, use of an
increased photoinintiator concentration, and introduction of
synergists or coinitiators to accelerate the surface cure.

Use of some means to block the resin from oxygen.


	
CLASSIFICATION OF ADHESIVE SYSTEMS:

Based on Generation:


	
Based on the basic Bonding system:Acrylic base systems Poly
(methyl methacrylate) systems2. Diacrylate systems bisGMA systems3.
Glass Ionomer systems Chemical cured, Light cured, Dual cured


	
Based on Fluoride content:Fluoride releasing systemsNon-Fluoride
releasing systems

Based on the Filler content:Lowly filled bonding systemsHighly
filled bonding systems


	
Based on the Polymerization Initiation mechanism:Chemically
activated (also termed chemically cured, autocured or self cured):
two paste or one pasteLight cured (also termed photocured)Dual
cured (chemically activated and light cured)Thermocured


	
ORTHODONTIC ADHESIVE RESINS

The major current category of orthodontic adhesive systems is
based upon resin composites. They consist of three main
components:1. an organic matrix, 2. Filler powdered ceramic such as
barium aluminoborate silica glass and 3. a Coupling agent


	
Organic Matrix Monomer Components:The organic matrix is formed
by polymerization of an aromatic or urethane dimethacrylate. It is
the chemically active component. Initially a fluid monomer, but
later it is converted into a rigid polymer by a radical addition
reaction.bisGMA is the commonly used monomer. It is derived from
the reaction of Bisphenol A and glycidyl methacrylate.Its molecular
weight is higher than methyl methacrylate, which helps in reducing
polymerization shrinkage. bisGMA monomer is a highly viscous fluid,
the addition of even a small amount of filler would produce
stiffness that is excessive for clinical use. Properties:Large
molecular size and Large chemical structure.


	
Advantage:It is superior to many monomers of lower molecular
mass by virtue of - lower volatility,lower polymerization
shrinkage, more rapid hardening, and production of a stronger and
stiffer resin. Since bisGMA is highly viscous, viscosity is reduced
by adding monomers, like Diethylene glycol dimethacrylate (DEGMA)
and Triethylene glycol dimethacrylate (TEGDMA). A typical
formulation is 75% bisGMA and 25 % TEGDMA. Another approach is
alternative monomer systems in which all or part of the bisGMA is
replaced by aliphatic or aromatic urethane dimethacrylate (UDMA).
They have lower viscosities, hence requiring reduced proportions of
TEGDMA, and have more effective light curing, lower water sorption,
and greater toughness. The monomer formulation of one product is a
50/50 (by weight) mixture of urethane dimethacrylate and
TEGDMA.


	
Polymerization Activation: Four types of activation of free
radicals are used in the polymerization of the unsaturated
methacrylate groups of the resin composites. Activation of free
radicals is by:

Self cure *Two phase *One phase (no mix)

2.Light cure 3.Dual cure4.Heat cure


	
Extent of Reaction: Degree of Conversion (DC)

The DC of resin composite materials is the extent to which
carbon double bonds (C = C) of the monomer are converted into
carbon single bonds (C - C) to form polymers during the
polymerization reaction.

C = C C - C DC affects the physical properties of composites.
For chemically cured resins, the DC is influenced by the monomer
composition of the resin and the concentration of polymerization
catalyst. It is evident from many studies that all of
dimethacrylate monomers undergo extensive cross-linking on
polymerization, but with considerable residual unsaturation in the
final product. This ranges from 25% to 45%, or equivalently the
degree of conversion (DC) ranging from 55% to 75%. DC is slightly
reduced in composites containing large volume fractions of quartz
or barium glass.


	
Unpolymerized resin has deleterious effects on:1. The mechanical
properties 2. Dimensional stability of the restoration and 3.
Biocompatibility.Uncured Resin:The unconverted methacrylate group
resides in the polymer network, either residual monomer or (a
majority) as pendant side chains (PSC) that extend from them chains
by virtue of having reacted at only end of the bifunctional
molecule.A further possibility is a cyclization reaction. The
residual monomer molecules function as plasticizing agents that can
reduce the properties of polymer network. This occurs until such
time as the monomers leach from the composite into the oral
environment. Pendant side chains will act as permanent plasticizers
in the composite. Hence it is desirable to increase DC in order to
produce stiffer and more durable resins although, for a given
composite shrinkage increases with DC.


	
STUDIES ON DEGREE OF CURE:

Eliades and Eliades (AJO Sep 1995) conducted a study to evaluate
the degree of cure (DC) of selected light-cured and chemically
cured adhesives bonded to ceramic and stainless steel brackets. The
optical properties of eight types of brackets (single-crystal
alumina, polycrystalline alumina, polycrystalline alumina with
polycarbonate base, and stainless steel) were evaluated by diffuse
visible light transmittance spectroscopic analysis. The degree of
cure (DC) of a visible light-cured orthodontic adhesive bonded to
these brackets under direct and indirect irradiation was measured
by micro-infrared spectroscopy.


	
Under the conditions of this study, the following conclusions
can be drawn:

Significant differences were detected in the diffuse visible
light transmittance measurements at 468 nm of the brackets tested.
The single-crystal alumina brackets manifested the highest values
followed by polycrystalline brackets.

Direct (through the bracket) irradiation of the visible
light-cured adhesive did not always result in lower degree of cure
values compared to indirectly irradiated specimens.

A strong correlation was observed between diffuse visible light
transmittance at 468 nm and degree of cure for direct (through the
bracket) irradiation.

In the reference group where no brackets were used the visible
light-cured adhesive demonstrated higher degree of cure than the
chemically cured adhesive for all the irradiation times tested.
However, similar DC was obtained from the light-cured and
chemically cured adhesives bonded to ceramic alumina brackets.


	
Eliades and Eliades (EJO Aug 2000) conducted another study so as
to estimate the degree of cure (DC) of a light-cured, and a two-
and a one-phase (no-mix) chemically-cured, as well as a dual-cured
commercially available orthodontic adhesive resin. Forty stainless
steel brackets were divided into four groups of 10 brackets each,
and the bracket bases were covered with a standardized volume of
adhesive. They were then pressed firmly onto a yellowish background
surface of 75 per cent reflectance covered with cellulose film to
facilitate detachment of the system and recovery of the set
material.

The visible light- and dual-cured adhesives were
photopolymerized by irradiation from the incisal and cervical edges
of the bracket for 10 seconds each, while another group of ceramic
brackets was used to assess the differential interference of
transparent relative to opaque material in the DC. Micro-multiple
internal reflectance Fourier transform infrared spectroscopy was
employed for the estimation of the DC of the adhesives. The
dual-cured product demonstrated the highest DC followed by the
light-cured combined with the ceramic bracket, and the no-mix and
the chemically-cured adhesives. The combination of the metallic
bracket with the light-cured product resulted in a DC comparable
with that of the chemically-cured material.


	
Polymerization Shrinkage:Polymerization shrinkage is partially
explained by a volumetric decrease arising from the conversion of
van der Waals bonds into covalent bonds. This volume shrinkage for
methacrylate double bonds has been shown to be approximately 22.4
cm3/mol. There is an intrinsic shrinkage associated with resin
composites and the time dependence of this shrinkage reflects the
progress of the polymerization.


	
Dispersed Phase Components:The filler or reinforcing ceramic
phase in the early materials was a ceramic oxide, such as silica or
alumina, or a glass. Most materials have utilized irregularly
shaped particles, rather than rods or spheres, because of their
better mechanical retention in the resin. Recent generations of
materials have been formulated with a high proportion of hard,
strong particles so as to produce composites of high strength,
approaching that of tooth enamel. A high proportion of ceramic may
also reduce polymerization shrinkage.

Filler selection:1.To reduce the thermal dimensional change of
the resin composite to a value matching that of tooth structure,
fillers have been selected from the fused quartz form of silica or
special glasses such as lithium aluminum silicate that have zero or
even negative thermal expansion coefficients.


	
2. A further factor influencing filler selection is the need for
a good refractive index match with the organic monomer to secure
adequate translucence for aesthetic appearance. Radiopaque glasses
containing elements such as barium, strontium, and zinc can be
used.3. Large volume of hard filler particles has been incorporated
based on the concept of attainment of high compressive strength and
stiffness and on evidence that abrasion resistance improves as
filler content increases and that fine fillers wear more than
coarse particles. Particle size and distribution pattern determine
their wear resistance and polishability.It has been postulated that
improved wear resistance results from a filler particle separation
distance of less than 0.1 microns, so that the softer resin is
protected from abrasion. Many microfilled materials are produced by
incorporation of pyrolytic silica into the monomer, which is then
polymerized and ground. This ground polymer, containing the
dispersed filler, is then used to make paste with further monomer.
The presence of this organic filler is also an aid in reducing
polymerization contraction.


	
CHEMICALLY ACTIVATED ORTHODONTIC ADHESIVE SYSTEMS:

[Two-paste or One-Paste]

Chemically cured orthodontic adhesive systems have been used
since the initiation of bonding in modern orthodontic history.
Specific products have been utilized since the early 1970s. The
chemically activated orthodontic adhesives employ benzoyl peroxide
as an initiator, which is activated by a teritiary aromatic amine
such as dimethyl-p-toluidine or dihydroxyethyl-p-toluidine.
Initiation occurs from mixing of the paste and liquid components of
these systems, and free radicals are formed by a multistep
process.


	
Two-Phase (Two-Paste) Adhesive Systems:

The two-phase products were the first to be tried by
orthodontists in the early days of bonding. Their application
involves mixing the paste and liquid components. The manipulative
process is problematic, relatively time-consuming, and cumbersome,
and these materials are gradually being eliminated from very active
orthodontic practices. Mixing of the two components introduces
potentially critical defects such as surface porosity and air voids
in the bulk material, owing to the prolonged exposure to air and
the inevitable entrapment of air bubbles. Studies have shown that
photocured composites, intentionally mixed as if they were
chemically cured materials, also demonstrated severely porous
surfaces and air voids in the bulk materials. The pore volume in
the bulk composite was found to be of the order of 3%, while the
surface porosity reached nearly 50%. The degree of cure (DC) for
these materials has been found not to exceed 55%. The
disproportionately high amount of monomer leaching compared to the
relatively high DC for a chemically cured adhesive observed by
Eliades et al is attributed to the mixing process and to the
detrimental effect of air entrapment on the carbon double bond
conversion in the vicinity of voids.


	
One-Phase Adhesive Systems:

The principle of inhomogenous polymerization was introduced in
orthodontics with the development of the no-mix bonding resins,
which were intended to minimize the mixinginduced defects and to
reduce the steps required for placement of the material. In these
systems, a catalyst gradient is established from the primed enamel
surface towards the brackets by means of a diffusion process. Under
these conditions, the resin strength is presumed to be decreased by
the establishment of a disturbed cross-linked network, which
nonetheless may facilitate bonding.


	
However, recent evidence suggests that the DC for these
adhesives is comparable to that of two-paste systems for surfaces
in contact with the enamel. This might be attributed to the
surface-to-volume ratio of the adhesive layer. The mean layer
thickness is especially increased when complex bases possessing
grooves and crystal-like projections are pressed into the adhesive,
presumably owing to the retention of material in the base. However,
this effect depends strongly on the topography of the base and the
viscosity of the adhesive. In general, sharp crystals protruding
from the base should act to increase the local stress on the
adhesive. In contrast smooth bases would be expected to transfer
the applied force more uniformly to the adhesive layer. It is
further assumed that, when applying the bonding agent to the tooth
surface and bracket base, the diffusion process required for
polymerization is intensified by pressing the bracket to the
enamel.


	
LIGHT-CURED BONDING SYSTEMS:Background and Basic ConceptsFor a
monomer system in which light-curing is used to initiate
polymerization, the extend of polymerization depends upon several
factors: the exposure time, the photoinitiator concentration, the
light intensity emitted by the curing unit at the peak absorbance
wavelength of the photoinitiator, and the filler volume fraction.
The spectral distribution of the light source significantly affects
the polymerization of the material. The light intensity at the peak
absorbance wavelength () of the photoinitiator, as well as the
length of the light exposure, have great impact on the degree of
conversion of the resin. The frequency of light emission from the
curing unit is also important. Under steady-state polymerization
conditions, the free radical concentration (vp) is proportional to
the square root of the light intensity (J) over the range for the
peak absorbance wavelength [vp J1/2], when the light intensity is
constant or when the flashes from an unstable light source are
rapid. At lower emission frequencies from the light source, the
free radical concentration decreases by a factor of 2.


	
Under clinical conditions, increased irradiation time and light
intensity lead to higher strength for the photocured composite,
since a structure with a higher density of cross-link is formed.
With light-curing from the edges of the bracket, the directions of
the free radical gradient and the polymerization shrinkage are
modified from those of the chemically cured no-mix materials. In
addition, the rapid seting reactin for the relatively thin layers
of photocured composites greatly reduces the time available for
atmospheric oxygen to diffuse into the bulk resin and deactivate
the free radicals produced by the photoinitiator. As a result,
superior mechanical properties and better peripheral bracket
sealing are obtained with light-cured composites compared to
chemically cured systems.


	
Applied Research on Light-Cured AdhesivesA number of studies
published during the 1990s have investigated the bond strength and
DC of light-cured adhesives bonded to brackets. The majority of
these studies concluded that the bond strength provided by the
light-cured material was not different from that for the chemically
cured adhesive. In a study by Eliades et al the DC value for a
light cured adhesive bonded to a metallic bracket and irradiated
from the incisal and cervical edges was comparable to DC values for
a chemically cured adhesive and its light-cured counterpart bonded
to transparent ceramic brackets. These observations may be
explained by considering that the adhesive was exposed to light
originating from two sources: the light curing unit and secondary
illumination due to reflectance from the artificial background
surface used in the study.


	
Eliades et al also investigated the variability of the DC for
light-cured adhesives as a function of the light transmittance of
ceramic brackets. It was found that the relative dimensions of the
light-curing unit tip and the bracket base accounted for some of
the differences noted. Since the dimensions of the light source tip
are much greater than those of the bracket surface, it is likely
that the path of photoactivation is not important when the light
intensity is sufficient. The results of this study were later
confirmed by an article demonstrating no difference among several
light tip configurations with respect to bond strength results.
This observation supports the proposed concept of a critical light
transmittance and a threshold light intensity for polymerization of
adhesives to be initiated with ceramic brackets. Evidence suggests
that exposure to very high curing light intensity does not result
in correspondingly high DC. Research has shown that DC of the light
cured Transbond XL (3M) adhesive bonded to polycrystalline alumina
brackets was not significantly different from that of the
chemically cured Concise (3M) adhesive bonded to the same brackets.
This result is attributed to the thin film nature of the adhesive
layer, which has a very high surface-to-volume ratio. The dominance
of surface properties over bulk properties is considered to favor
the use of light-cured adhesive resins, because these systems are
expected to possess superior surface curing characteristics.


	
DUAL-CURED SYSTEMS:The dual-curing approach combines the
advantages of rapid initiation for photopolymerizing resins and
high conversion rates for chemically cured resins in the bulk
material. In these systems, activation of polymerization is induced
through surface exposure of the material to a source of visible
light, and polymerization in the bulk material occurs by a chemical
curing process. Therefore, both improved surface and bulk material
properties would be expected. Limited documented experimental bond
strength data available in the literature support the clinical
efficiency of these systems. In a study, dual-cured adhesive was
found to provide significantly higher bond strength compared to
chemically cured and light-cured materials 24 hours following
activation. The DC value obtained for this dual-cure initiation
mode was the highest among the adhesive types used. However, the
clinical application process for this type of adhesive is prolonged
because both mixing and photocuring are required. Moreover, mixing
may introduce bulk defects, increasing the porosity of the
material.


	
THERMOCURED or HEAT-ACTIVATED SYSTEMS:Systems of this type have
been introduced for indirect orthodontic bonding and restorations.
It is claimed that these adhesives present substantially increased
polymerization rates and, accordingly, superior properties.
However, their use is currently limited because of the increased
temperature required to initiate polymerization and the necessity
for adapting an indirect bonding setup.


	
THE SCIENCE OF BONDING: FROM FIRST TO SEVENTH GENERATION.


	
FIRST GENERATION This generation included unfilled acrylic
resins and epoxy resins. The first bonding adhesives used in
orthodontics was essential unfilled poly (methyl methacrylate)
anterior dental restoratives.The UNFILLED ACRYLIC RESINS exist as
powder/liquid or paste/paste systems.E.g., Bracket Bond, Genie


	
Powder Contains:Poly (Methyl methacrylate): it is a transparent
resin of remarkable clarity. It transmits light in the ultraviolet
range to a wavelength of 250 nm. It is hard resin with KHN of 18 to
20. Its tensile strength is approximately 60MPa and its density is
1.19 grn/cm3 and modulus of elasticity 2.4 GPa (2400 MPa). It is in
the form of beads or grindings in the powder.Initiator: Benzoyl
peroxide (0.3 to 3%) The addition polymerization process occurs in
4 stages:a. Induction b. Propagation c. Termination d. Chain
transfer


	
To start an addition polymerization process, free radicals must
be present. Free radicals can be generated by activation of monomer
molecules with UV light, visible light, heat or energy transfer. A
number of substances capable of generating free radicals are potent
initiators for the polymerization of poly (methyl methacrylate)
resins. The most common is benzoyl peroxide, which decomposes at
relatively low temperatures to release two free radicals per
benzoyl peroxide molecule. The induction or initiation period is
the time during which molecules of the initiator become energized
or activated forming free radicals that interact with the monomer
molecules.


	
Liquid Contains:Methyl methacrylate monomer: The liquid monomer
methyl methacrylate is mixed with the polymer. Methyl methacrylate
is a clear, transparent liquid at room temperature. Volume
shrinkage of 21 % occurs during the polymerization
reaction.Cross-linking agent - Ethylene dimethacrylate (5% or
more): Cross linkage provides a sufficient number of bridges
between the linear macro molecules to form 3 dimensional network
that alters the strength, solubility and water sorption of the
resin. The effect of cross-linking on physical properties varies
with the composition and concentration of the cross-linking
agent.Inhibitor - Monomethyl ether of hydroquinone (0.006%): To
minimize or prevent spontaneous polymerization of monomers,
inhibitors are added to the resin systems. These inhibitors have a
strong reactivity potential with free radicals. If a free radical
is formed, the inhibitor reacts with it and controls the
reaction.


	
The polymerization reaction takes place by 2 types of induction
mechanism:Benzoyl peroxide - tertiary amine system: The liquid
contains an amine (N-N-dimethyl-P-toluidine), when the powder and
liquid are mixed the peroxide reacts with the amine to form free
radicals thereby initiate polymerization of monomer.In the
sulfinate system: P-toluene sulfinic acid (accelerator or
co-catalyst), present either in the form of liquid or salts, is
incorporated into powder. The sulfinate salts are converted to
sulfinic acid which releases free radicals. These free radicals
initiate polymerization. Unfilled bonding adhesives cause less
enamel damage and are indicated for bonding of acrylic orthodontic
appliances to enamel.


	
Disadvantages of Unfilled Acrylic Resins:

*Low hardness and strength * High co-efficient of thermal
expansion * Lack of adhesion to tooth structure * High
polymerization shrinkage


	
EPOXY RESINSSince the mid 1950's the use of Epoxy resins has
increased. The resins, which include a catalyst, are used in dental
composites, pit & fissure sealants and orthodontic bonding
resins. With so many different application, a large number of
dental products that use epoxy resins were developed, especially
bisGMA.bisGMA is an aromatic ester of a dimethacrylate, synthesized
from an epoxy resin (Ethylene glycol of Bis-phenol A) and methyl
methacrylate.Disadvantages:Lack of color stability Water sorption
Patient sensitivityE.g., Endur


	
SECOND GENERATIONAs improvements were made in the adhesive
coupling agents for composites, the adhesion to dentin increased.
In the late 1970s, the second-generation systems were introduced.
The majority of these incorporated halophosphorous esters of
unfilled resins such as bisphenol-A glycidyl methacrylate, or
bis-GMA, or hydroxyethyl methacrylate, or HEMA. The mechanism by
which these second-generation systems bonded to dentin were
postulated to be through an ionic bond to calcium by
chlorophosphate groups. These were weak bonds (in comparison to
fifth- and sixth-generation systems) but they were a significant
improvement over first-generation systems.


	
One major concern with these systems was that the phosphate bond
to calcium in the dentin was not strong enough to resist the
hydrolysis resulting from water immersion. This hydrolysis,
resulting from either saliva exposure or moisture from the dentin
itself, could result in composite resin debonding from the dentin
and causing microleakage. Since dentin was not etched in these
early bonding systems, much of the adhesion was due to bonding to
the smear layer. Some of the second-generation systems were thought
to soften the smear layer and thus improve resin penetration.
However, these systems resulted in bond strengths to dentin that
were weak and unreliable.


	
UV light activated resins: The major disadvantage was UV light
itself, which even with the best control was a moderate hazard and
an indirect technique with a tray carrier was needed to position
the brackets. This interfered with access of the UV light to the
resin beneath the brackets and made cleaning difficult. It used
Bowen's Hybrid molecule. The backbone is similar to Epoxy resin,
but functional reactive groups are acrylic. It consists of:
Bisphenol glycidyl methacrylateEsters of alkyl benzoin were
incorporated to facilitate UV light activationAdvantages:Higher
bond strengths when compared to first generationLow polymerization
shrinkageGreater hardnessLow water absorption.Disadvantages are
radiation hazards and limited depth of cure.


	
THIRD GENERATION

With the third-generation systems, the acid etching of the
dentin partially removes and/or modifies the smear layer. The acid
opens dentinal tubules partially and increases their permeability.
The acid must be rinsed completely before the primer is applied.
The primer contains hydrophilic resin monomers which include
hydroxyethyl trimellitate anhydride, or 4-META, and biphenyl
dimethacrylate, or BPDM. The primers contain a hydrophilic group
that infiltrates the smear layer, modifying it and promoting
adhesion to dentin, and the hydrophilic group of the primer creates
adhesion to the resin.


	
Following primer application, an unfilled resin is placed on
dentin and enamel. These third-generation adhesion systems usually
use a hydrophilic dentin-resin primer. Dentin primers may be 6
percent phosphate penta-acrylate, or PENTA; 30 percent HEMA; and 64
percent ethanol. Following etching and primer application, the
unfilled resin adhesive is applied to dentin and enamel. In most of
these systems, the phosphate primer modifies the smear layer by
softening it; after penetration, it cures, forming a hard surface.
The adhesive is then applied, attaching the cured primer to the
composite resin. Bonding to smear-layer-covered dentin was not very
successful before 1990, however, because the resins did not
penetrate through the smear layer and the smear layer was very
weak.


	
Filled Resins or Composite Resins:By the late 1970s, third
generation filled or composite resins, largely replaced the
UV-cured resins. Compared with unfilled resins, the filled resins
have greatly improved thermal expansion qualities. Silane was used
to coat filler particles that could bond chemically to the resin.
The major constituents are:Resin Matrix, containing bisGMA or
Urethane Dimethacrylate (UEDMA) orTriethylene glycol Dimethacrylate
(TEGDMA)


	
Filler Particles, which are produced by grinding or milling
quartz or glasses to produce particles ranging in size from 0.1 to
100 microns. Silica particle (0.04 m) are obtained by pyrolytic
process. Depending on size of particle they are classified as:Macro
filled (10 to 30 microns) e.g. Concise.Micro filled (0.2 to 0.3
microns) e.g. Endure, dynabond.

Coupling agents: The bond between the two phases of composite is
provided by the coupling agent i.e., between resin matrix and
filler particles. Titanates and Zirconates and organosilanes such
as gamma-methacryloxypropyltrimethoxy silane is most commonly
used.


	
Activator-Initiator system:Third generation is a two paste
systems and activated by autopolvmerization. One paste contains
benzoyl peroxide initiator and other tertiary amine activator, (N,
N-dimethyl-p-toluidine). 1- 2 % BP (benzoyl peroxide) is contained
in the monomer portion as a free radical initiator. Inhibitor:Role
of inibitor is to prevent spontaneous polymerization of monomers.
Inhibitor reacts with free radicals until they are depleted. E.g.
butylated hydroxytoluene (0.01 wt %).


	
Disadvantages: The manipulative process is problematic,
relatively time-consuming, and cumbersome.Mixing of the two
components introduces potentially critical defects such as surface
porosity and air voids in the bulk material, owing to the prolonged
exposure to air and the inevitable entrapment of air bubbles. High
amount of monomer leaching.E.g., 1 to 1 bonding system: is one of
the most popular and dependable two-paste selfcure adhesive systems
available for direct or indirect bonding of metal, ceramic or
plastic attachment.Extend - A Bond: highly filled,
self-polymerizing, two-paste bonding system.Primarily developed for
situations where a longer working time is required.


	
FOURTH GENERATION The complete removal of the smear layer is
achieved with fourth-generation bonding systems. Fusayama and
colleagues tried to simplify bonding to enamel and dentin by
etching the preparation with 40 percent phosphoric acid.
Unfortunately, it was not understood that this procedure overetched
dentin and resulted in the collapse of exposed collagen fibers. In
1982, Nakabayashi and colleagues reported the formation of a hybrid
layer resulting from the polymerized methacrylate and dentin. The
hybrid layer is defined as the structure formed in dental hard
tissues (enamel, dentin, cementum) by demineralization of the
surface and subsurface, followed by infiltration of monomers and
subsequent polymerization.


	
The use of the total-etch technique is one of the main
characteristics of fourth-generation bonding systems. The
total-etch technique permits the etching of enamel and dentin
simultaneously using phosphoric acid for 15 to 20 seconds. The
surface must be left moist (wet bonding), however, in order to
avoid collagen collapse; the application of ahydrophilic primer
solution can infiltrate the exposed collagen network forming the
hybrid layer.


	
No-mix adhesives:With these "no-mix" materials, the composite
can be placed on the tooth surface in unpolymerized form, while the
polymerization catalyst is placed on the back of the brackets. When
the tray carrying the brackets is placed against the tooth surface,
the resin immediately beneath the bracket is activated and
polymerizes, but excess can be scaled away around the margins of
the brackets.Disadvantages:Some components of the fluid reagents of
no-mix systems, and of unreacted monomer have recently been
suspected of having a mutagenic potential.The 'no-mix' adhesive
does not save time as the archwire cannot be engaged with minimum
of delay.E.g., Monolok, Unite. Right-on No mix Adhesive: Right-on
no mix adhesive is the most advanced self- cure bonding system
available. It provides superior bond strength drift-proof bracket
placement and 2-year shelf life without refrigeration. The adhesive
paste is conveniently preloaded in syringes or disposable syringes
to simplify bonding produces. Right-on bonds metal, ceramic or
plastic brackets to either etched enamel or acrylic crowns.


	
FIFTH GENERATIONTo simplify the clinical procedure by reducing
the bonding steps and thus, the working time, a better system was
needed. Also, clinicians needed a better way to prevent collagen
collapse of demineralized dentin. The fifth generation of bonding
systems was developed to make the use of adhesive materials more
reliable for practitioners.Include Visible light cured composites
and Dual cure compositesVisible light cured composites: The visible
light cured orthodontic adhesive has been suggested by Douglas et
al. Compared with UV light, visible light has deeper curing
capabilities, more effective through enamel and does not diminish
with time or with intensity of the light source.The light cured
resin is a single paste system that consists of a ketone and an
amine as initiators. The ketone, camphoroquinone is sensitive to
blue light at 470 nm wavelength which catalyses the polymerization
reaction


	
The disadvantages of light-cured resin are associated with
incomplete polymerization beneath the surface and a limited depth
of cure. Doubling the exposure time only increased the cured depth
by at least a third, and exposure through tooth substance reduced
the depth by at least a third. The first report of the clinical use
of a visible light-cured composite was published by Bassiouny and
Grant, in which they concluded that the new resin was easy to use.
Tawas and Watts developed the transillumination technique to bond
metal brackets onto teeth in vitro with visible light-cured
composite. They showed that sufficient light may be
transilluminated by the teeth to effect adequate
photopolymerization of the material. In the case of translucent
ceramic brackets, light-curing is straightforward.E.g., Transbond
XT light cure adhesive: Transbond XT is currently distributed with
instructions to cure both the mesial and distal or incisal and
gingival surfaces of metal orthodontic brackets for 10 seconds
each, for a total of 20 seconds per bracket followed by immediate
archwire insertion.


	
Advantages

Extended working time allows precise bracket placement.Immediate
bond strength, allowing archwire to be placed immediately following
cure. It saves time for rebonds.Efficient bonding of ceramic and
metal brackets.Excellent handling properties likeNo bracket
driftEasy flash clean up.


	
Dual cure Resins:

In the 1980s, dual-cement composite resins were introduced into
restorative dentistry. These resins are both light activated and
chemically cured. Thus they can be cured completely by using a
light source or by the catalyst and base reaction of the material.
These resins originally were applied to composite buildups and to
cementing of laminate veneers where depth of cure is
essential.Advantages:Reduced curing time and good depth of cure.Its
main advantage over visible light-cured resins appears to be the
reduced bonding time. In the visible LC, time required to cure
entire maxillary and mandibular arch is 13.5 minutes. The curing
time of Dual Cured resins is 20 brackets x 10 seconds + 3 minutes
for final set at the end of curing, or approximately 6.5 minutes.
The dual cement can also be completely polymerized with visible
light in 30 seconds (15 seconds at mesio- gingival and 15 seconds
at the distal occlusal corner).


	
Disadvantages: centered on the chemically cured properties of
the dual cements.In an environment void of light, the setting time
was 8 to 10 minutes.Placement of a bracket with half-hardened
cement or removing the flash from such a bracket would drastically
affect the bonding strength.


	
SIXTH GENERATIONInclude Resin Reinforced Glass Ionomer Cements
and Compomers.

Resin Reinforced Glass Ionomer:The orthodontic use of GICs
increased dramatically with the development of resin-modified GICs
(RMGIC). It was introduced by Silverman. After three years study on
bonding with Fuji Ortho LC, Silverman and colleagues in Sep1995 AJO
published an article, A new light cured GIC that bonds bracket to
tooth without etching in the presence of saliva, which
revolutionized the concept of direct bonding procedure.


	
The addition of 10% to 20% resin monomers to the GICs resulted
in a cement that is initially hardened with the use of either light
or chemical activators to polymerize the monomers. RMGICs are
adhesive cements with improved physical properties and more stable
hydrogels compared with GICs. Although a limited amount of resin
monomer can be added to the polyalkenoic acid solution,
polymerization of the resin monomers hastens the initial hardening
of RMGICs without interfering significantly with the acid-base
setting reaction, the fluoride release, or the chelation of
carboxyl groups to metal and tooth surfaces. In addition to the
chemical bonding of RMGICs, resin monomers penetrate surface
irregularities to produce a micromechanical interlock (bond) after
polymerization.


	
Composition: Powder was essentially the same as conventional
GIC, i.e. finely ground fluoro dyminosilicate glass. The methyl
methacrylate monomer and HEMA was incorporated into Polyacrylic
acid (liquid). The resin component is actually a mixture of three
monomers with 2-hydroxyethyl-methacrylate (HEMA) being the major
constituent. The HEMA provides for a sharp setting reaction of
material when exposed to visible light source. Setting Reaction:
The setting reaction of Fuji Ortho LC is the result of three
reactions. When the powder and liquid are mixed an acid-base
reaction very similar to that of conventional glass ionomer is
initiated. The second reaction is self-curing of resin monomer. It
is the third ight activated reaction which gives its initial set
and early strength. This is known as command set.


	
Advantages:Silverman et al in his study with Fuji Ortho over a
period of 17 months found 96.8% of success rate in bonding
clinically. He computed the following advantages of this system
over composite resin systems:It saves a significant amount of chair
time.Eliminates the need for etching and priming of the enamel
surface.Eliminates the need for working in a dry field.Fluoride
release protects against decalcification.Rebonding is quick, easy,
effective and harmless.Increased patient and operator comfort.

Bond Strength: Shear bond strength of Fuji Ortho LC is
significantly less tha light cured composites. It comes in the
range of 8-10 MPa, which is above the optimum required bond
strength for successful bonding.


	
Compomer or Polyacid-modified Composite Resins:Polyacid-modified
composite resins, also known as compomers, were developed to bring
the features of caries inhibition and carboxyl chelation to resins.
Compomers are single-component systems consisting of
aluminosilicate glass in the presence of carboxylmodified resin
monomers and light-activated conventional resin monomers.


	
Although the alkaline glass and acidic carboxyl components are
packaged in the same container, allegedly no acid-base setting
reaction occurs because water is absent from the composition.
However, after light-activation of the compomer, it is postulated
that water sorbs into the compomer, allowing a delayed acid-base
reaction that may release fluoride and other emineralizing ions
from the aluminosilicate glass. The relatively weak acid-base
reaction does not result in increased physical properties of the
compomer. The absence of hydrogels restricts ion uptake and
release, although fluoride recharging of compomers has been
reported and can be explained by water sorption and diffusion
dynamics. Compomers have been linked to caries inhibition in vitro
because of fluoride release from the aluminosilicate glass filler
at low pH.

Acid etching or other surface treatment is required before
compomer orthodontic adhesives are used, and bonding surfaces must
be dry. Carboxyl chelation with cations on enamel, dentin, and
metallic surfaces has not been shown to occur with compomer
adhesives. Physical properties are acquired quickly as compomers
polymerize, and their early setting strengths are superior to those
of the RMGICs but inferior to those of the resin adhesives.


	
The Prompt L-Pop System:

Prompt L-Pop was the first sixth-generation adhesive to be
released to the dental market. The Prompt L-Pop system is a
unit-dose system, with etchant, primer, adhesive, and microbrush
sealed in a triple-lollipop-shape aluminum foil package. Acid
etching, rinsing, priming and application of adhesive are thus
combined into one step. It is an all-in-one adhesive for composites
and compomers. It contains methacrylated phosphoric acid esters
that combine an acidic component for etching the enamel and the
primer.


	
Bonding Procedure:

The enamel surface is pumiced or micro abraded.The top bubble is
folded, forcing the liquid into the second chamber.The second
chamber is popped and folded forcing the adhesive mixture into the
third chamber, which contains the microbrush. The brush is stirred
around in the third chamber to saturate it with resin.The adhesive
is rubbed into the enamel surface for 15 seconds and air dried
lightly to evaporate the water carrier, leaving a smooth glossy
surface rather than the frosted appearance of phosphoric aid.


	
It forms a micro retentive bond with the treated surface. Unlike
other systems, it allows the etchant and monomer to penetrate at
the same time, avoiding potential technique errors and nanoleakage.
Prompt shows outstanding bond strength to both dentin and
enamel.

Light curing can be done with visible Light Curing unit or more
intense Argon lasers and Plasma-arc curing systems by aiming at the
adhesive bracket interface from the occlusal surface.


	
Transbond Plus Self-Etching Primer:

Transbond Plus SEP is an identical product marketed specifically
for orthodontics. The chemistry of Transbond Plus Self-Etching
Primer is similar to that of phosphoric acid, with two primer
chains that form a solid primer matrix upon curing. The liquid
begins to etch the enamel as soon as it is applied, but it changes
to a primer once the two hydroxide chains are converted and
hydrogen is released. Since no etchant remains on the enamel, there
is no need for rinsing. Because the monomers that cause the etching
are also responsible for bonding, the depth of penetration of the
monomers to be polymerized is exactly the same as the depth of
demineralization, resulting in a complete hybrid layer.


	
Bonding Procedure:

The unit-dose setup of Transbond Plus is designed for bonding an
entire dental arch, although some orthodontists are using one
package for both arches. After the teeth are pumiced as usual, the
Transbond Plus is gently swirled onto each enamel surface for two
to five seconds with the microbrush contained in the package. As
the pH rises, the etchant converts to the primer matrix. The primer
is then thinned with a burst of air, adhesive-coated brackets are
placed, and any excess adhesive is removed with a scaler. After
each bracket is lightcured interproximally for 10 seconds, the
archwire can be tied in immediately.

Fifth-generation primers vary in viscosity and generally thicken
when exposed to air. Because the sixth-generation primers remain in
their unit-dose packages, there is less evaporation and thus a more
stable viscosity and wetting capability.


	
SEVENTH GENERATION

Include Cyanoacrylate (Moisture active adhesives):For nearly 20
years, cyanoacrylate glues have been used widely in dentistry as
well as in medicine. A number of studies have found no adverse
effects from long-term use of cyanoacrylates inside the human body.
In 1991, a commercially available ethyl-cyanoacrylate material was
tested as an orthodontic bracket adhesive and found to have
significantly higher tensile strength than a conventional
composite. After 50, 100 and 150 days in a saline solution, the
cyanoacrylate showed no decline in tensile strength.E.g., Smart
Bond.Ortendahl and Ortengren (JCO Jan 2000) are the persons who
introduced this bonding adhesive in orthodontics. They conducted a
study to compare the shear bond strength and debonding effect of
Smart bond with Rely-a-bond, an established composite resin
adhesive, with eight different bracket types. In all cases they
found bond strength of Smart bond more than double that of
Rely-a-bond. Because polymerization starts only in the presence of
moisture and pressure, the clinical procedure for bonding with
Smart Bond differs from that of conventional adhesives.


	
Advantages:

Vapor from the unpolymerized material is immediately polymerized
when it comes in contact with water, which also eliminates any
taste. No residual monomer can react later in the process, and thus
the material absorbs no water. This prevents the adhesive from
discoloring during treatment. High bond strengths are reported for
Smart Bond.Smart Bond presents no particular danger of fracturing
the enamel during debonding. Thinner the adhesive layer, stronger
the bond.Bonds on composites and ceramic surfaces.Can be used with
metal, plastic and ceramic brackets without additional
conditioner.The present formula of cyanoacrylate does not cause any
allergic reactions or biocompatibility reactions.


	
Disadvantages:

Cyanoacrylate does not work well on polycarbonate brackets with
enlarged retention surfaces unless they are treated with water.The
excess material will be instantly polymerized and turned into white
acrylic powder around the bracket, called "blooming". The material
cannot fill spaces or gaps, which is why a bracket base with deep
mesh or undercuts will have lower bond strength. Toxic eczema has
been observed among fingernail sculptors, although it may be caused
due to methacrylate substances in the materials they use.


	
M Kusai and Gordon (JO Sep 2000) carried out a study in order to
evaluate the performance of a cyanoacrylate orthodontic adhesive
with regard to tensile bond strength and bond failure location in
comparison with a conventional no-mix orthodontic composite
adhesive using stainless steel and ceramic brackets.
One-hundred-and-twenty caries-free extracted premolar teeth were
used in this study. There were 30 specimens for each tooth,
adhesive, and bracket combination, and of these half were tested at
24 hours and half at 3 months. Hence, there were 15 samples in each
test group. Bond strengths were assessed after storage for 24 hours
and for 3 months at 37C in distilled water.

Their analysis predict at least 40-80% failure within 3 months,
and hence cocluded that cyanoacrylate does not seem suitable for
use as an orthodontic adhesive for more than a few weeks. However,
it may be useful for short period of time in certain clinical
situations, particularly under wet conditions, such as bonding
attachments on impacted teeth, where control of moisture is
difficult to achieve and no strong forces are likely to be
exerted.


	
MOISTURE-ACTIVE ADHESIVES:

Despite the moisture-control steps and measures available, the
orthodontist often faces the problem of bonding in an environment
with increased risk of contamination from saliva. This may be a
particular concern during bonding of partially erupted premolars,
where many bracket failures occur. Problems arise because of the
proximity of the adhesive to the cervical portion of the crown and
the presence of crevicular fluid, as well as the contour of the
crown.


	
To counter this difficulty some manufactures have introduced
moisture-active adhesives, also termed as moisture-resistant
adhesives. It is available in a primer formulation that replaces
the conventional bonding agents applied to the enamel surface and
is based on the hydrophilic attraction of its constituents. The
main reactive component of this product is a
methacrylate-functionalized polyalkenoic acid copolymer originally
used in the dentin bonding system. Excess interfacial water ionizes
carboxylic groups, forming hydrogen-bonded dimmers. In this manner,
a dynamic equilibrium occurs at the interface, incorporating water
in the bonding mechanism, thus minimizing the detrimental
plasticizing effect of water that occurs with moisture
contamination of conventional bonding agents.


	
In contrast moisture active adhesives require rather than
tolerate the presence of moisture for proper polymerization. These
materials are available as pastes and possess a completely
different composition and polymerization mode, requiring no bonding
agent. A recent product based on cynoacrylate formulation (Smart
Bond) has demonstrated superior properties, excellent in vitro
performance and easy clinical application without the need for
etching and liquid resin coating. E.g., Transbond MIP


	
Webster and Nanda (AJO Jan 2001) conducted a study that compared
the shear bond strengths of 2 light-cured hydrophilic bonding
systems, Transbond XT with MIP and Assure with a hydrophobic
bonding system, Transbond XT with XT primer. Comparison tests were
conducted under 4 enamel surface conditions: (1) etched and dried;
(2) etched and moistened with artificial saliva; (3) etched,
primed, and moistened with artificial saliva; and (4) etched,
primed, moistened with artificial saliva, and reprimed. Stainless
steel brackets with mesh-backed pads were bonded to bovine teeth.
Bond strength was then tested in shear using an Instron mechanical
testing instrument. There were significant differences in the bond
strengths among the products, within surface treatments, and among
the different bonding materials in combination with various surface
treatments.


	
Noncontaminated enamel surfaces had the highest bond strengths
for both the hydrophilic and hydrophobic materials. When using a
hydrophobic primer, if the etched surface is contaminated with
saliva before primer application, it may be necessary to re-etch
before proceeding with the bonding procedure. If the contamination
occurs after the primer had been placed and cured, then a simple
drying and reapplication of primer may be all that is necessary to
obtain adequate bond strengths. The hydrophilic primers also showed
improved bond strengths with reapplication of primer after saliva
contamination.


	
Shane and Timothy (AJO Sep 2002) conducted a study to evaluate
the effectiveness of 2 moisture-insensitive primers, Assure and MIP
compared with a control hydrophobic primer, Transbond XT. Six
groups of 40 premolars were acid etched and bonded using metal
orthodontic brackets with the following in vitro protocols:

(1) Transbond XT primer and adhesive applied to a
noncontaminated surface; (2) Assure primer applied after saliva
contamination; (3) MIP primer applied after saliva contamination;
(4) Assure primer reapplied after saliva contamination; (5) MIP
reapplied after saliva contamination; and(6) Assure adhesive
applied after saliva contamination of the primer.


	
They concluded that,

Both bonding systems provide adequate bond strengths whether
saliva contamination occurs before or after the application of the
hydrophilic primers; therefore, additional mechanical preparation
and re-etching of the enamel surface after saliva contamination
might not be required.

Comparing saliva contamination after application of primer, both
MIP and Assure had significantly greater shear-peel bond strengths
than when contamination occurred before the application of each
primer.

Transbond XT and MIP group 5 (contamination between 2 layers of
primer) showed significantly greater shear-peel bond strengths
compared with the other groups.


	
4. The groups with saliva contamination before application of
the primer showed more frequent failures at the enamel/adhesive
interface, suggesting that complete penetration of primer was
prevented, whereas the groups with saliva contamination after the
first application of primer showed more frequent failures at the
adhesive/bracket interface.

5. The greatest frequencies for Enamel Fracture on debonding
occurred in the groups with the highest bond strengths.


	
Mavropoulos and Athanasiou (JO Jun2003) carried out a study to
evaluate and compare the clinical performance of two new
moisture-resistant orthodontic adhesive systems:

a chemically-cured composite resin (Unite) in conjunction with a
special moisture-resistant primer (Transbond MIP); and a
fluoride-releasing light-cured compomer (Assure).
Four-hundred-and-thirty-six stainless steel brackets bonded to all
teeth except molars using two different moisture-resistant
orthodontic adhesive systems. Bond failure rates during a period of
9 months were estimated for each adhesive system and the
corresponding bracket survival curves were plotted.


	
The results of this study suggest the following:

Unite and Transbond MIP could be a useful alternative to
conventional orthodontic adhesives. Assure, a polyacid-modified
composite resin with fluoride-releasing capacity, was associated
with a higher bond failure rate, which could be related to the
observed tendency for more adhesive failures at the
adhesive-bracket interface, indicating some possible weakness at
the interface adhesive-bracket.


	
STUDIES ON SEP AND MIP

Bishara et al (AJO Jun2001) conducted a study to determine the
effects of the use of a self-etch primer on the shear bond strength
of orthodontic brackets and on the bracket/adhesive failure mode.
Brackets were bonded to extracted human teeth according to 1 of 2
protocols. In the control group, teeth were etched with 37%
phosphoric acid. After the sealant was applied, the brackets were
bonded with Transbond XT and light cured for 20 seconds. In the
experimental group, a self-etch acidic primer was placed on the
enamel for 15 seconds and gently evaporated with air, as suggested
by the manufacturer. The brackets were then bonded with Transbond
XT as in the first group.


	
The present in vitro findings indicate that the use of a
self-etch primer to bond orthodontic brackets to the enamel surface
resulted in a significantly lower, but clinically acceptable, shear
bond force as compared with the control group. The comparison of
the adhesive remnant index scores indicated that there was
significantly more residual adhesive remaining on the teeth that
were treated with the new self-etch primer than on those teeth that
were bonded with the use of the conventional adhesive system.


	
Aljubouri and Gilmour (EJO Aug2003) carried out a study to
compare the mean bonding time, mean shear bond strength and mean
survival time of stainless steel brackets with a micro-etched base
bonded with a light-cure composite using a self-etching primer
(SEP) or a conventional two-stage etch and prime system. Brackets
were bonded to 30 premolars with each bonding system. The bonding
time was recorded for each specimen using a stopwatch. After
storage in a humidor at 37C for 24 hours, the shear debonding force
was measured at a crosshead speed of 0.5 mm/minute. Another 10
premolars were bonded with each bonding system and used to assess
survival time following the application of mechanical stress.


	
The mean bonding time of the SEP group was significantly less
than that of the two stage bonding group. The mean shear bond
strength of the SEP group was significantly less than that of the
two-stage bonding group.

The SEP significantly reduced bracket bonding time. The mean
shear bond strength of the brackets bonded with the SEP was
significantly less than those bonded with a conventional two-stage
etch and prime system. There was no difference in survival time of
brackets bonded by each bonding system.


	
Sfondrini et al (AJO Jun2003) assessed the effect of water and
saliva contamination on the shear bond strength and bond failure
site of 3 different orthodontic primers: Transbond XT, Transbond
Moisture Insensitive Primer, and Transbond plus Self Etching
Primer; used with a light-cured composite resin (Transbond XT).

Each primer-adhesive combination was tested under 7 different
enamel surface conditions:

(1) dry, (2) water application before priming, (3) water
application after priming, (4) water application before and after
priming, (5) saliva application before priming, (6) saliva
application after priming, and (7) saliva application before and
after priming


	
The results of this study indicate that:

Non contaminated enamel surfaces had the highest bond strengths
for conventional, hydrophilic, and self-etching primers, which
produced the same strength values.In most contaminated conditions,
the self-etching primer had higher strength values than either the
hydrophilic or conventional primers. The self-etching primer was
the least influenced by water and saliva contamination, except when
moistening occurred after the recommended 3 second air burst.


	
Sfondrini et al (AJO Mar2004) assessed the effect of blood
contamination on the shear bond strength and bond failure site of 2
different orthodontic primers (Transbond XT and Transbond Plus
Self-Etching Primer) used with adhesive-precoated brackets.

Four different enamel surface conditions were tested: (1) dry,
(2) blood contamination before priming, (3) blood contamination
after priming, and (4) blood contamination before and after
priming.

Noncontaminated enamel surfaces had the highest bond strengths
for both conventional and self-etching primers, which produced
almost the same strength values. Under blood-contaminated
conditions, both primers showed significantly reduced shear bond
strengths. For the conventional primer, no significant differences
were reported among the blood-contaminated groups, whereas when the
self-etching primer was used, condition 4 reduced significantly the
bond strength values.


	
Hobson et al (AJO Jul 2001) evaluated the bond strength of
Transbond MIP under dry, moist, and blood-contaminated conditions.
Ninety human premolars were bonded in 3 equal groups with Transbond
MIP after acid etching; the enamel surfaces were either dry, moist,
or contaminated with human blood. The shear bond strength
wasrecorded. Dry bonding resulted in a significantly higher bond
strength (15.69 MPa) than moist (12.89 MPa) or blood-contaminated
(11.16 MPa) bonds. However, all bond strengths were in excess of
previous reports of required clinical bond strength, and it was
concluded that Transbond MIP is a suitable adhesive for bonding in
conditions of poor moisture control or blood contamination, e.g.
during surgical exposure of teeth.


	
ADHESIVE PRECOATED BRACKETS


	
Almost more than a decade ago the concept of adhesive precoated
(APC) brackets was introduced, and a product was marketed.
Manufacture of the APC bracket was based on objectives of increased
bonding efficiency and standardization of the bonding procedure.
Research showed that APC system had decreased bond strength
compared to conventional manual application of an adhesive that had
been refrigerated for a week. However, the small difference found
between APC system and the conventional approach of adhesive
application to the brackets maybe clinically insignificant,
particularly because of the absence of standards.


	
The ingredients in the adhesive applied to bracket and that of
ordinary Transbond XT is the same. The difference is limited to
percentage of the different ingredients incorporated. Transbond XT
contains 14% bisGMA, 9% bisEMA and 77% fillers (Silicate quartz and
submicron silica). The corresponding values for pre coated brackets
is 12% bisGMA, 8% bisEMA and 80% fillers.

The composition changes are for increasing its viscosity,
causing the bracket to adhere more readily to the tooth during
initial stages of bracket positioning.


	
Bishara et al compared the shear bond strength of ceramic and
metal brackets, which are not coated and pre-coated. They found
that:

Pre-coated ceramic brackets have similar bond strength as that
of uncoated brackets bonded with adhesive.Pre-coated metal brackets
have lower bond strength than uncoated brackets because of high
viscosity causing less flow into the mesh of the brackets.All three
provided clinically acceptable bond strength.


	
S Ash and N Hay (JO Nov1996) conducted a study wherin the
adhesive pre-coated bracket system along with the application of
light curing for orthodontic bracket placement were compared with a
conventional adhesive system. Of 38 consecutive patients requiring
fixed orthodontic appliances, half were treated with adhesive
pre-coated brackets and half with a no-mix adhesive. The timings
for the clinical stages involved in bracket placement, were
recorded. The peri-bracket flash distribution, time taken for clean
up at the subsequent visit, the site, and number of bracket
failures at the time of bracket placement and during the first 3
months, were recorded.

The study showed that although the time taken to place and cure
the adhesive pre-coated system was longer than for the no-mix
system, this difference was not statistically significant. However,
this difference in time was compensated for in the time taken for
bracket orientation in the control group and subsequent clean up at
the second visit. Both the bracket failure rate and peri-bracket
flash scores were reduced in the adhesive pre-coated group as
compared with the control and these differences were statistically
significantly.


	
FLUORIDE RELEASING ADHESIVES

The presence of enamel demineralization or so-called white spots
is a significant problem. Incorporation of fluoride into enamel
structure as fluorapatite can result in remineralization of small
decalcified or carious lesions and also reduces the formation of
new lesions. Fluorapatite formation resulting from fluoride release
from orthodontic adhesives could be more advantageous in reducing
decalcification during fixed appliance treatment than other
preventive modalities.

Incorporation of inorganic fluorides into dental resins creates
problems of phase separation and loss of mechanical integrity
because of the highly polar nature of the fluoride salts and low
polarity of dental resins. Organic fluoride incorporation has a
plasticizing effect that also yields poor properties.


	
Rawls and Zimmerman (AJO Aug1989) introduced an experimental
fluoride releasing resin (Fluoride Exchanging Adhesive) that has
anti-cariogenic properties.

It contained:

Benzoyl peroxideDHEPT (Dihydroxyethyl-paratoluidene)bisMA
(Bis-phenol-A-dimethacrylate)TEGDMA (Triethyleneglycol
dimethacrylate)t- BAEMAHF (t-butylaminoethyl methacrylate hydrogen
fluoride)bisEMA (ethoxylated Bis-GMA)Fumed Silica


	
This fluoride releasing resin is unique in that the fluoride ion
is incorporated as a mobile ion charge, in an anion-exchanging
resin. Fluoride release occurs when fluoride ions are exchanged for
other anions in the oral environment. Rather than supplying
fluoride to the oral environment by material dissolution, the
fluoride is given up in exchange for other anions and the structure
integrity of the resin is maintained.

They found that the use of this adhesive resulted in 93%
reduction of occurrence of dark zones, indicating a reduction of
early demineralization, and that the bond strength of this
experimental resin compares favorably to existing commercial
adhesive.


	
Wiltshire and Janse van Rensburg (AJO Sep1995) conducted a study
to determine the in vitro fluoride (F) release from four
light-cured orthodontic adhesives since cariostatic potential of
such adhesives is related to their F releasing ability. Two
nonfluoride and two fluoride-containing adhesives were tested. By
means of the potentiometric analytical method, the F release of
each resin was determined daily for 7 days and thereafter weekly
for a month and then monthly until week 85. The F release of all
the resins were characterized by an initial burst of F release
during the first day, followed by a tapering down in magnitude.

They concluded that,Both nonfluoride and fluoride-containing
adhesives released fluoride.The fluoride release of the adhesives
was characterized by an initial burst of fluoride during the first
day, followed by a gradual tapering down of fluoride
release.Fluorapatite formation resulting from fluoride release from
orthodontic adhesives could be advantageous in reducing
decalcification during fixed appliance treatment.


	
Cory and Millet (JO Dec2003) conducted an vitro study in order
to compare the cariostatic potential of a resin modified glass
ionomer cement (Fuji Ortho LC) to that of a resin control
(Transbond) for bracket bonding, and to compare the effect of
extrinsic fluoride application on the cariostatic potential of each
material.

Orthodontic brackets were bonded to 40 extracted premolars, 20
with Fuji Ortho LC and 20 with Transbond. The teeth were subjected
to pH cycling, pH 4.55, and pH 6.8, over a 30-day period. Ten teeth
bonded with each material were immersed in a 1000ppm fluoride
solution for 2 minutes each day. Fluoride release was measured
throughout the study from all teeth. After 30 days, the teeth were
assessed visually for signs of enamel decalcification.

The results of this study have indicated that with an in vitro
tooth-bracket model, the creation of white spot inhibition could
best be achieved by the use of a resin-modified glass ionomer
cement, supplemented with fluoride exposure. The least protection
was afforded by the composite control. The resin-modified glass
ionomer cement alone and the composite with added fluoride
demonstrated equivalent protection.


	
In June 2005 JO, Benson and Millet presented a systematic review
for evaluating the effectiveness of fluoride in preventing white
spot lesion demineralization during orthodontic treatment and
compare all modes of fluoride delivery. Data was collected over a
wide range of period, 1966-2004. They concluded that there is some
evidence that the use of a daily NaF mouthrinse or a Glass Ionomer
Cement for bonding brackets might reduce the occurrence and
severity of WSL during orthodontic treatment.


	
ORMOCERAljouni and Bishara (AO Jan2005) conducted a study to
compare the shear bond strength (SBS) of two adhesive materials;
one with an organically modified ceramic matrix (Ormocer), Admira
and another that contains the traditional Bis GMA matrix namely
Transbond XT.

Forty molar teeth were randomly divided into two groups: 20
teeth bonded with the Transbond adhesive system and the other 20
teeth with the Admira bonding system.

The results indicated that there was no significant (P 5 .628)
difference between the two adhesives tested. The mean SBS for
Admira was 5.1 6 3.3 MPa and that for Transbond XT was 4.6 6 3.2
MPa. It was concluded that the new material, Ormocer, which is an
organically modified ceramic restorative material can potentially
have orthodontic applications if available in a more flowable
paste. These new materials are more biocompatible and have lower
wear rate including bonding orthodontic brackets to teeth.


	
ADHESION BOOSTERS OR ADHESION PROMOTERS

Adhesion booster, a tooth surface primer advocated by Bowen et
al, to increase the bond strength of composite resin to tooth
surface has been available in dentistry for many years.

Two recently introduced boosters include: Enhance LC and All
Bond 2

According to the manufacturer Enhance LC can increase adhesion
of composite to any enamel (including fluorosed, hypocalcified, or
deciduous enamel), metal or composite surface.


	
With the adhesion booster Megabond (with modified Bowens
formula) applied on the new bracket base Newman et al, found that
the bond strength was lower than new brackets without the use of an
adhesion booster, whereas the bond strength of sandblasted new
brackets with megabond was greater than brackets sandblasted
without megabond.

All-Bond 2 is a third generation dentin-bonding agent and
contains a 10% phosphoric acid gel for dentin conditioning. One
drop each of Primer A (NTG-GMA-Magnesium salt of
N-Tolylglycne-Glycidyl methacrylate in acetone) and Primer B
(BPDM-Biphenyl dimethacrylate) are mixed and applied to the enamel
until the acetone solution evaporates. The site is then air dried
for 5 to 10 seconds. All-Bond 2 can be used to increase the
strength of any adhesive by this method.


	
Ching et al compared Enhance LC and All Bond 2 to bond debonded
brackets. They found that when new brackets are used neither
All-Bond 2, or Enhance LC improves bond strength significantly.
When rebonding debonded brackets, they found that without the use
of any boosters, sandblasted rebonded brackets yield less bond
strength than new brackets.

Enhance LC fails to increase bond strength of sandblasted
rebounded brackets.All-Bond 2 significantly increased bond strength
of sandblasted rebonded brackets.All-Bond 2 when used with
sandblasted debonded brackets provides comparable results (17 MPa)
to new brackets.


	
Newman and Newman (AJO Sep1995) carried out an investigation to
study the effects of adhesion promoters to increase bond strengths.
In vitro shear bond strengths that use the Instron machine and
thermocycling methods indicate the bond strengths of a no-mix
adhesive bonding 80 gauge metal mesh brackets can be significantly
improved through the following techniques: control (MPa 9.0),
sandblasting (MPa 10.8), sandblasting and silanating (MPa 11.9),
Rocatec system (MPa 10.8), Kulzer "silicoating" (MPa 13.2), and
adhesion promoters -Megabond (MPa 13.3).

Chemical composition of the adhesion promoters (Megabond):

M-1: NTG-GMA (magnesium salt of N-tolylglycineglycidyl
methacrylate) in acetone and inhibitors.

M-2: PMGDM in acetone (a diadduct of glycerol dimethacrylate and
pyromellitic dianhydride), difunctional and trifunctional monomers
and activators. PMGDM provides greater bond strength and shelf life
than the previously used PMGDM.

M-3: Mono and difunctional monomers and oligmers; activators in
acetone (dimethylparatoluidine in acetone).


	
They concluded that:Adhesion promoters are indicated where
patient noncompliance or difficult-to-bond teeth are
encountered.Adhesion promoters (Megabond-Bowen surface active
agents) result in favorable increased shear bond strengths,
particularly if M-1 and M-2 are coated on the tooth surfaces and
M-2 and M-3 are applied to the metal sandblasted surfaces. The
shear bond strength was increased from 9.0 Mpa for the control to
13.3 Mpa (an increase of 48%). Additional investigations are being
undertaken to study the effect of adhesion promoters on shear bond
strength of metal brackets when using paste-sealant and
light-curing adhesives.Note: The promoters are not recommended with
ceramic brackets or on adult patients presenting with enamel
cracks, any enamel defects and periodontally involved teeth.


	
GLASS IONOMER CEMENTS

Glass Ionomer Cement is the generic name of a group of material
that use silicate glass powder and an aqueous solution of
polyacrylic acid. This material acquires its name from its
formulation of a glass powder and an ionomer acid that contains
carboxyl groups. It is referred to as polyalkenoate cement. It was
first introduced by Wilson and Kent in 1972. It was introduced to
orthodontics in 1986 by White and available as powder/liquid, light
cured and single paste.


	
GIC powder is an acid-soluble calcium fluoroaluminosilicate
glass.

The main constituents include: SiO2, Al2O3, AlF3, CaF2, NaF and
AlPO4

The raw materials are fused to a uniform glass by heating them
to temperature of 1100C to 1500C. The glass is ground to powder in
the range of 20 to 50 micron in size. The liquids for GIC were
aqueous solutions of polyacrylic acid in a concentration of about
50%. The liquid was quite viscous and tended to gel over time. The
other acids were in the form o
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