Bonding Agents
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BONDING

One of the initial problems when resin restoratives
were introduced was microleakage which resulted
from the shrinkage of the resin while curing.

The problem was overcome to a great extent by
the introduction of the ‘acid etch technique’ by
Buonocore in 1955.

The acid etch technique used a combination of
acid to etch the tooth and a bonding agent to
improve the retention of the composite resin to the
tooth.

Essentials of current bonding systems
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Primers are hydrophilic monomers usually carried
in a solvent.

Because of their hydrophilic nature they are able

to penetrate the moist tooth structure especially
the dentin and its collagen mesh thus improving
the bond. Thus, they serve as a bridge connecting
the tooth structure to the adhesive.

The solvent used are acetone, ethanol or water.

Some are used without solvents.

Adhesive
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Adhesives are generally hydrophobic monomers.
Being hydrophobic they do not wet the tooth
leading to air entrapment, air inhibition and
thereby poor bonding. Thus they have to be used
in combination with primers to form an effective
bond to tooth structure.

The adhesive bonds the resin to the primer which
in turn penetrates and binds to the tooth structure
thus completing the bonding sequence.
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Acid etch technique

The acid etch technique was initially developed to
improve retention to enamel. Initial bond agents
did not appear to bond to the dentin.

At the time it was widely believed that
* Dentin could not be etched as well as enamel

+ Acid etching of dentin would cause injury to the
pulp
One reason for the low bond strength to dentin

was because of the hydrophobic nature of the
early adhesive resins.

In 1979 Fusyama demonstrated that dentin could
be etched without causing any significant harm to
the pulp. This together with the development of
hydrophilic =~ bonding agents significantly
improved the bond strength to dentin.

The acid etch technique together with the
application of current bonding agents is one of the
most effective ways of improving the bond and
marginal seal between resin and tooth structure.

Etchant/conditioner
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The etchants are acidic in nature. They may be
grouped as

* Mineral (e.g. phosphoric, nitric acid, etc

* Organic (e.g. maleic, citric, ethylenediamine-
tetracetic (EDTA), etc.)

* Polymeric (e.g. polyacrylic acid).

The most frequently used etchant is 37%
phosphoric acid.

The acid in concentrations greater than 50%
results in the formation of monocalcium
phosphate monohydrate that reduces further
dissolution.

It may be supplied as clear or colored gel or liquid.
Brushes are used to apply or the acid is supplied
in a syringe for direct application on to the enamel
(Fig. 11.16).

Another acid used is 10% maleic acid.
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FIGURE 11.16 37% phosphoric acid in a syringe.

Mode of action on enamel

1. It creates microporosities by discrete etching of
the enamel, i.e., by selective dissolution of enamel
rod centers (Fig. 11.17), or peripheries, or both.

2. Etching increases the surface area.

3. Etched enamel has a high surface energy,
allowing the resin to wet the tooth surface better
and penetrate into the microporosities.

When polymerized, it forms resin ‘tags’ which
forms a mechanical bond to the enamel (Fig.
11.18).

Composite
restoration

Resin lags

Etched
enamel

FIGURE 11.18 Diagrammatic representation showing
mechanism of composite adhesion to etched enamel.
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Figure 11.19 sem of etched dentin showing the open dentinal
tubules (courtesy: mario fernando).
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2. Provides modest etching of the intertubular
dentin.

Procedure

The tooth is cleaned and polished with pumice
before etching.

The phosphoric acid is then applied onto the
enamel and then on to the dentin (also known as
total etch technique).
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Originally the length of application was set at 60
seconds but now it has been shown that 15
seconds is sufficient.

The etching time also depends on the history of
the tooth, e.g. a tooth with high fluoride content
and primary teeth requires longer etching time (to
produce a similar etch pattern and bond strength
10% maleic acid needed at least 60 seconds of
etching time).

The acid along with dissolved minerals should be
rinsed off with a stream of water for 15 seconds
and the enamel dried using compressed air.

After drying the enamel should have a white,
frosted appearance (Fig. 11.20)

Figure 11.20 frosted appearance after a 15 ;end etch with
37% phosphoric acid

This surface must be kept clean and dry until the
resin is placed. Even momentary contact of saliva,
or blood can prevent effective resin tag formation
and severely reduce the bond strength.

Avoiding desiccation of dentin

Desiccation (excessive drying) of the dentin
should be avoided.

Desiccation can result in the collapse of the
collagen mesh (Fig. 11.21A) or network which
forms a dense film that is difficult to penetrate by
the bond agent.

The collagen mesh is crucial in the formation of
the hybrid layer (Fig. 11.21B).

The monomers impregnate and became entangled
with the collagen fibrils of surface demineralized
dentin, creating a hybrid layer after their
polymerization.
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. B S B
Figures 11.21a and b (a) sem of etched non-desiccated dentin
showing collagen mesh (x 5000). (b) sem of resin-dentin
interphase. Rc - resin composite, ba - bond agent, hl - hybrid
layer, rt - resin tags. (x 2000).
The hybrid layer together with the resin tags forms
the prime mechanism for the adhesion of the

composite restoration in dentin.

After drying the tooth, the dentin may be lightly
remoistened with cotton and then blotted dry.

Enamel bond agents

These were the earliest bond agents.

The more viscous composite did not bond well to
the etched enamel.

The enamel bond agent helped improve the bond

by flowing into all the microporosities of the
etched enamel and creating a mechanical
retention.

COMPOSITION

They are unfilled resins similar to that of the resin
matrix of composite resin, diluted by other
monomers to lower the viscosity.

These materials have been replaced by agents that
bond to both enamel and dentin.
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Enamel/dentin bond systems
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The term dentin bond agent is no longer relevant
as current bond agents bond to both enamel and
dentin. The usage of the term is relevant only to
discuss their evolution.
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Due to acid etching, microleakage or loss of
retention is no longer a hazard at the resin-enamel
interface.

The problem lies at the resin-dentin/cementum
interface. Thus agents that could bond to dentin
were needed. Developing agents that will adhere
to dentin was more difficult because

+ It is heterogenous.

* The high water content interferes with bonding.
Its tubular nature provides a variable area.

* Presence of a smear layer on the cut dentin
surface (The smear layer is the layer of debris
which adheres tightly to the dentin and fills the
tubules after cavity cutting).

Ideally, the bond agent should be hydrophilic to
displace the water and thereby wet the surface,
permitting it to penetrate the porosities in dentin
as well as react with the organic/ inorganic
components.

Restorative resins are hydrophobic, therefore,
bonding agents should contain both hydrophilic
and hydrophobic parts.

The hydrophilic part bonds with either calcium in
the hydroxyapatite crystals or with collagen. The
hydrophobic part bonds with the restorative resin.

SUPPLIED AS

Dentin bond systems are supplied in one or more
bottles containing conditioners (etchant)/ primers/
and adhesive depending on the generation.
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Evolution of dentin bond agents—the

various generations

For ease of description the evolution of bonding
agents for composite resins are described under
various generations (see also Table 11.3).

First generation (1950 to 1970)

Mineral acids were used to etch enamel.

Dentin etching was not recommended as it was
believed it would harm the pulp.

They used glycerophosphoric acid dimethacrylate
to provide a bifunctional molecule.

The hydrophilic phosphate part reacted with
calcium ions of the hydroxyapatite.

The hydrophobic methacrylate groups bonded to
the acrylic restorative resin.

These were generally self cured.
The main disadvantage was their CTE.

Leakage was a concern at the dentin-resin
interphase.
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TABLE 11.3 Various generations of bond agents

Enamel etchant
37% phospheric acid
379 phosphoric acid

Generation
15t generation
2nd generation

3rd generation 379 phosphaoric acid

ECTA

4th generation
BPDM

5th generation 379% phospheric

6th genemation

7th genemation

Dentin conditioner/primer Adhesive
(not recommended) GPDM
(not recommended)

Citric acid (10%)/CaCl (20%9)
Cwalic acid/aluminium nitrate

379 phosphoric HEMAS  (total etch technigue)

(total etch technigue)

Phenyl-P BisGMA/TEGDMA MPPA

MNPG-GMA/BPDM
BisGMA/TEGDMA
HEMA/BPDM
4 META/MMA
HEMA/GPDM

NPG-GMA/BPDM
BisGMA/TEGDMA
HEMASBPDM
4 META/MMA
HEMASGPDM

PENTA, Methacrylated phosphonates

Methacrylated phosphates in water
(acidic primer-adhesive)

Methacrylated phosphates in water
(acidic primer-adhesive)

Abbreviations

BisGMA - Bisphencl-A-glycidyl methacrylate
BPOM - Biphenyl dimethacrylate

EDTA - Ethylenediaminetetraacetic acid
GPDM - Gylcerophosphoric acid dimethacrylate
[EF) - Glutaraldetyde

HEMA - 2-Hydroxyethyl methacrylate

4-META - 4-Methyloxyethy! trimellitic acid

MMA — Methyl methacrylate

MPPA — 2-methacryloxyphenyl phosphoric acid
TEGDMA - Triethylene glycol dimethacrylate

PEMNTA — Dipentaerythritol pentacrylate phosphoric acid
ester

MPG-GMA — N-Phenyl glycine glycidylmethacrylate
NTG-GMA — M-Tohd glycine ghyadylmethacrylate
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Second generation (1970s)

(1970s) SG Jeal)

Developed as adhesive agents for composite
resins which had by then replaced acrylic
restorations.

One system used NPG-GMA. It was proposed
that the NPG portion bonded to the calcium of the
tooth by chelation. Other products included
phenyl-P, 2-methacryloxy phenyl phosphoric
acid.

Bond strengths achieved were three times more
than the earlier generations.

Disadvantage
Bond strengths were still low.

The adhesion was short term and the bond
eventually hydrolysed, e.g. Prisma, Universal
Bond, Clearfil, Scotch Bond.

Third generation (1980s)
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The third generation bond agents made a serious
attempt to deal with the smear layer which is
formed when dentin is cut.

It was believed that the smear layer prevented
proper bonding to the underlying dentin. Yet its
complete removal by aggressive etching was
contraindicated because it was believed that it
protected the pulp by preventing direct contact
with the monomer.

The third generation bond agents had bond
strengths comparable to that of resin to etched
enamel. Thus bond strengths improved to 12 to 15
MPa.

However, their use is more complex and requires
two to three application steps.

 Etching of enamel using 37% phosphoric acid
+ Conditioning of dentin using mild acids

» Application of separate primer

» Application of polymerizable monomer

* Placement of the resin.

Examples are Tenure, Scotch bond 2, Prisma,
Universal bond, Mirage bond, etc.
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Fourth generation (early 1990s)

1990 Jilgl &Il Juad

The fourth generation systems were possible
because of some important ideological
breakthroughs - like the total etch technique and
the development of the hybrid zone.

Research showed that acid etching of dentin did
not significantly harm the pulp as long as bacterial
contamination and microleakage was avoided.
Thus, the total-etch technique was introduced.

The hybrid layer (Fig. 11.21 B)

In 1982, Nakabayashi and Fusayama reported the
formation of a hybrid layer.

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
into the collagen mesh (Fig. 11.21) and
subsequent polymerization.

However, dealing with the collagen mesh was not
easy. It is delicate and can be destroyed by
desiccation.

Kanca (1991) introduced the idea of wet bonding
again breaking with the traditional belief that
thorough drying was necessary to improve
bonding.

Examples are All Bond 2, Scotch bond
multipurpose (Fig. 11.22), Optibond, etc.
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FIGURE 11.22 4th generation bonding system consisting of
the conditioner (etchant), primer and the adhesive.

The All Bond consists of 2 primers (NPG-GMA
and Biphenyl dimethacrylate (BPDM) and an
unfilled resin adhesive (40% BIS-GMA, 30%
UDMA, 30% HEMA).

plel oa sl ool and Zai Tan ) Jindl a3m S

S QS Qll g3 Y glall meal) (sl o Gall el
s el Gl 5 e il Gl i g Lalls

LSS Al A a5 13

(B 21.11 Jsi)) Liagl) 48l

dal. K& 1982 Jle Fusayama s Nakabayashi <o
Al L gl el Al Wl diagd il
ot g o) 46l i A1) ) DA e (Bl 5 el <o Lisall)
AaY <) AGA) gaa plall Glas s #LE )l e e Ladaud)

A0 el dlee 5 (21,11 Jea)

ot oY <) A e Jbll el o o o) $a S o
b Gl ey (AT S Fuilin

Lilie b)) Lol ;Y1 5,88 4365 5 50 1991 e Kanca ¢k

Y e ol (e 555 e ) Cagatl) o ol Asie)

Jsal) Scotch bond multipurpose «All Bond 2 :ak4Y)
-l e 5 «Optibond  (22.11

cisia (ChuAa) ke sope Ll Jaylt Adali e gl W Jiad) 122,11 Jsad
ey

Jsuiwd s NPG-GMA) oo oo All Bond ssle calls
3o slas e duaul ;) d3aY sie ((BPDM) ol St g0
.(HEMA %30 <UDMA %30 BIS-GMA %40)

4\33\%9‘/'1)«.;;\



This system bonds composite not only to dentin
but to most dental related surfaces like enamel,
casting alloys, amalgam, porcelain and composite.

Bond strengths were high but as with the earlier
system, multiple application steps were required.

Fifth generation (mid 1990s)
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Because of the clinical complexity and multiple
steps of the fourth generation dentists began
asking for more simple adhesives.

The fifth generation combined the primer and
adhesive in to one bottle (self priming adhesive).

Examples of the fifth generation self-priming
adhesives are Single Bond (3M) (Fig. 11.23), One
Step (BISCO), Prime and Bond (Dentsply).

FIGURE 11.23 A 5th generation self priming adhesive (3M
single Bond 2).

The advantages claimed are
1. Reduced application steps.

2. Less technique sensitive as it can bond to moist
dentin.

3. Less volatile liquid.
4. Pleasant odor.

5. Higher bond strength.
Sixth generation (mid to late 1990s)
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A separate etchant is not required.
These are 2 bottle systems.

Two varieties are seen—Type I and Type 2.
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Type I
2 bottle 2 step system.

Etchant and primer are combined in one bottle
(called self etching primer).

Other bottle contains adhesive.

Examples are Clearfil SE bond (Curare), Adhese
(Ivoclar -Fig. 11.24), Optibond solo plus(Kerr),
Nano bond (Pentron) etc.

Type 11
2 bottle 1 step system.

Liquid A contains the primer. Liquid B contains
a phosphoric acid modified resin (self etching
adhesive).

FIGURE 11.24 A 6th generation. Type I - self etching primer
(Adhese - Ivoclar).
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Both liquids are mixed just before application. For
example, Xeno III (Dentsply - Fig. 11.25), Adper

prompt L-pop (3 M), Tenure unibond (Dent Mat)
etc.

Seventh generation (early 2000)
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FIGURE 11.25 6th generation Type II (Xeno-Dentsply).
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Attempts to combine all three (etchant, primer and
adhesive) into a single product. Thus, seventh
generation adhesives may be characterized as -
‘no mix self etching adhesives’.

Examples include iBond (Heracus Kulzer - Fig.
11.26), G bond (GC), Xeno IV (Dentsply) (glass
ionomer based), Clearfil S3 (Curare).
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FIGURE 11.26 7th generation iBond (Heraeus kulzer).

Unfortunately, insufficient research exists of the

efficacy of the newer

systems. Composition

(Table 11.4) for one such product is presented.

TABLE 11.4 Composition of a 7th generation bonding agent {iBond)

Component Function

UDMA

Matrix component
Wetting of the surface
Promotion of infiltration

Bonding to collagen via hydrogen bonding

ABOND g} Jidl :26.11 Jeilt
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Sl 13 il e 4,11 Jsaall el

Bonding to Ca** ions of the apatite via chelation complexes

4-Meta (pH=22) Matrix compaonent

Acetone

Water

Film-forming properties

Cross-linking

Solvent for monomers

Facilitates solvent evaporation

Solvent for monomers

Hydrolysis of 4-Meta to 4-Meta (= acid)
Provides water for etching process

Camphorguinone Photoinitiator

Glutaraldehyde Disinfectant/Desensitizer agent

Cross-linking of collagen fibrils

Stabilizers
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Procedure for iBond

1. Isolate the tooth from saliva contamination
during the adhesive procedure.

2. Clean the preparation, removing all debris with
water. Remove excess water.

3. Saturate the microbrush with iBondTM liquid
from either the bottle or single dose vial.

4. Apply 3 consecutive coats of iBondTM to both
the enamel and dentin followed by gentle rubbing
for 30 seconds.

5. Use gentle air pressure or vacuum to remove the
acetone and water solvent.

6. Cure for 20 seconds with a dental curing light
of at least 500 mW/C2.

7. Place composite.

Eighth Generation (2010)
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In the new agents, the addition of nano-fillers with
an average particle size of 12 nm increases the
penetration of resin monomers and the hybrid
layer thickness, which in turn improves the
mechanical properties of the bonding systems

Nano-bonding agents are solutions of nano-fillers,
which produce better enamel and dentin bond
strength, stress absorption, and longer shelf life.

These new agent from self-etch generations have
an acidic hydrophilic monomers and can be easily
used on the etched enamel after contamination
with saliva or moisture

Based on the manufacturer, nano-particles acting
as crosslinks, will reduced the dimensional
changes.

Nano-fillers, with dimensions larger than 15-20
nm or a content of more than 1.0 percent by
weight, both can increase the viscosity of the
adhesives, and may cause accumulation of the
fillers over the top of the moistured surface.

These clusters can act as flaws which may induce
crack and cause a decrease in the bond strength
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Indications for use of bond agents

1. For bonding composite to tooth structure.

2. Bonding composite to porcelain and various
metals like amalgam, base metal and noble metal
alloys.

3. Desensitization of exposed dentin or root
surfaces.

4. Bonding of porcelain veneers.

Contraindication

Bonding should not be done immediately after
bleaching a tooth.

It is advisable to wait at least a week following the
procedure.

Bonding mechanisms

The bonding is more probably micromechanical,
due to the penetration of the polymerizable
monomer into the finely textured primed dentin.

A fine collagen mesh exists on the surface of the
dentin which current bond agents are able to
infiltrate  because of their hydrophilic
components.

One more precaution is that the dentin should not
be dried excessively as desiccation can cause the
collapse of the fine collagen meshwork (Fig.
11.19) thereby reducing the bond strength.

Bond strength of dentin bond agents

Current dentin bond agents generate bond
strengths comparable to that of resin to etched
enamel.

Bond strength is difficult to measure because of
the wide variations in the dentin itself, test
methods, and other factors.

Bond strength reduces with increased depth of
dentin.

Various studies have shown values ranging from
15 to 35 MPa.
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