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SUMMARY
Self-etching dentine bonding agents are a recent addition to the choice of bonding
agents which a clinician has available to bond resin restorations to tooth structure. The
so-called ‘traditional’, total-etch fourth and fifth generation dentine bonding agents
have proven their clinical abilities and the question now remains whether these ‘new’
self-etching dentine bonding agents will clinically perform as well as the ‘proven’
total-etch dentine bonding agents.

For the purpose of this dissertation the author completed three research projects which
were performed to evaluate the efficacy of a selection of dentine bonding agents and
then used the results to compare some properties (shear bond strength, microleakage,
and anti-bacterial properties) of total-etch dentine bonding agents with some selfetching dentine bonding agents. All discussions will focus on the three dentine
bonding agent properties evaluated by the three research projects performed.

The three specific aims of this study were:
•

To compare the dentine shear bond strength of a selection of self-etching
dentine bonding agents with that of a total-etch dentine bonding agent control.

•

To compare dentine and enamel microleakage values of a selection of selfetching bonding agents with that of a total-etch dentine bonding agent control.

•

To evaluate the possible anti-bacterial properties of a selection of dentine
bonding agents, with focus placed on the self-etching dentine bonding agent
ABFb (Clearfil Protect Bond).
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The studies performed by the author achieved comparative/similar results to some
studies described in the literature but it is clear from the literature that some studies
provide conflicting results, especially leakage of enamel margins when using selfetching bonding agents.

Taking into consideration the limitations of the three studies performed, it can be
concluded that as far as the three evaluated properties of self-etching dentine bonding
agents are concerned, they should prove to be acceptable clinical alternatives for use
in place of total-etch dentine bonding agents.
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1. Purpose of the Study
Self-etching dentine bonding agents are a recent addition to the choice of bonding
agents which a clinician has available to bond resin restorations to tooth structure. The
so-called ‘traditional’, total-etch fourth and fifth generation dentine bonding agents
have proven their clinical abilities and the question now remains whether these ‘new’
self-etching dentine bonding agents will clinically perform as well as the ‘proven’
total-etch dentine bonding agents.

For the purpose of this dissertation the author completed three research projects which
were performed to evaluate the efficacy of a selection of dentine bonding agents and
then used the results to compare some properties (shear bond strength, microleakage,
and anti-bacterial properties) of total-etch dentine bonding agents with some selfetching dentine bonding agents. All discussions will focus on the three dentine
bonding agent properties evaluated by the three research projects performed.

The three specific aims of this study were:
•

To compare the dentine shear bond strength of a selection of self-etching
dentine bonding agents with that of a total-etch dentine bonding agent control.

•

To compare dentine and enamel microleakage values of a selection of selfetching bonding agents with that of a total-etch dentine bonding agent control.

•

To evaluate the possible anti-bacterial properties of a selection of dentine
bonding agents, with focus placed on the self-etching dentine bonding agent
ABFb (Clearfil Protect Bond).
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The hypothesis to be tested was, as far as the three properties tested were concerned,
that self-etching dentine bonding agents would compare favourably to total-etching
dentine bonding agents. Therefore, dentists could justifiably be able to use selfetching dentine bonding agents as suitable alternatives to total-etching dentine
bonding agents.
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2. Introduction
2.1. History and Development of Bonding Agents

In 1949 Oskar Hagger, a Swiss dentist/chemist, developed the first system to bond
acrylic resin to dentine. Hagger, a chemist who worked for the DeTrey/Amalgamated
Dental Company, developed a product called Sevriton Cavity Seal. This product was
acidic in nature and interacted with the tooth structure on a molecular level. These
acrylic materials were indicated for the restoration of anterior teeth but later proved to
be unacceptable because of leakage.1 However, 50 years later, ‘acidic’ products are
again being investigated and researched as ‘self-etching’ dentine bonding agents and
self-etching cements. According to Söderholm (2007),2 Oskar Hagger could be seen
as the true “Father of Modern Dental Adhesives”.

In 1955 Buonocore proposed that acids could be used to alter the surface of enamel to
“render it more receptive to adhesion”.3 This laid the early foundation for adhesive
restorative dentistry and preventive dentistry as we know it today. His investigations
were originally based on the industrial use of phosphoric acid to improve adhesion of
paints and acrylic coatings to metal surfaces. He also determined that acrylic resin
could be bonded to human enamel after etching (conditioning) it with 85% phosphoric
acid for a period of 30 seconds.3

Buonocore et. al. (1968),4 was also the first to suggest that the formation of resin tags
was responsible for adhesion to acid-etched enamel. In 1967 Gwinnett and Matsui
describes the adhesion mechanism in more detail, focussing on resin tag formation in
phosphoric-acid-etched enamel.5
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The first bonding to dentine is described by Buonocore et. al. (1956).6 The ‘bonding
resin’ contained glycerophosphoric acid dimethacrylate which could bond to
hydrochloric acid-etched dentinal surfaces. However, it was found that immersion in
water diminished the bond strength substantially.6 The next important step in bonding
agent development took place in 1962 when Bowen synthesized N-phenylglycine
glycidyl methacrylate (NPG-GMA), a “surface-active co-monomer” which could,
theoretically, provide water resistant bonding of resin to dentinal calcium.7 However,
commercial products subsequently developed (based on his formulation) provided
poor clinical results.8,9

During the 1980’s a second generation of bonding agents were developed. Most of
these products were halophosphorous esters of unfilled resins such as bisphenol Aglycidyl methacrylate (Bis-GMA) or hydroxyethyl methacrylate (HEMA). The
bonding mechanism involved both surface wetting and ionic interaction between the
phosphate groups and dentinal calcium.10,11 However, the shear bond strengths
(ranging from 1-10 MPa) were too weak to counteract the polymerization shrinkage
of composite resins.12,13 These ‘second generation’ bonds were prone to hydrolysis,
with subsequent gap formation and microleakage, especially at dentine and cementum
margins.14,15 As the dentine was not etched when using these bonding agents, a major
reason for the poor performance of these bonding agents is the fact that bonding took
place to the smear layer rather than to the dentine itself.16

At the end of the 80’s the so-called third-generation bonding agents were developed.
When these bonding agents were used they either modified or completely removed
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the smear layer in order to allow resin penetration into the underlying dentine.17-19
Dentine shear bond strengths of products such as Scotchbond 2 (3M Dental)*, Gluma
(Bayer), Syntac (Vivadent) and XR Bond (Kerr) were usually greater than those of
second generation products and some even approached the average bond strengths of
resin to etched enamel. However, their performance was still unpredictable and values
varied substantially among different studies, and also with-in studies.20-24 However,
these third-generation products were shown to be an improvement on previous
generations. Marginal leakage at dentine and cementum margins was less, and (for the
first time) some reinforcement of tooth structure was possible. Over-all clinical
retention was also improved.25-28

The concept of the “total-etch” technique became a reality in 1979 when Fusayama et.
al. described the simultaneously etching of dentine and enamel.29 Dentine etching
subsequently became a fairly common practise in Japan, but it took 10 years before
total-etching gained acceptance in the United States.30,31

2.2. Bonding Agent Classification Systems

Various classification systems are described in the literature. For the purpose of this
dissertation it was decided to use the most often used classification system whereby
bonding agents are divided into ‘Generations’. The first three generations are
described above as part of Section 2.1 above.

* Now called 3M ESPE

12

Even with-in the ‘Generations’ classification some variations have been described.
There are also other classification systems used and recommended.

One of many examples of an alternative classification system according to type of
etching technique is shown below (Fig 1).32

Fig. 1: Bonding agent classification according to type of etching technique used.
(According to Dr. U. Blunck, Humboldt University, Charité Berlin, Germany) 32

2.3. Current Bonding Systems

Fourth Generation Dentine Bonding Agents
Often referred to as ‘traditional’ dentine bonding agents, or ‘two bottle, total-etch
bonding agents’, ‘three-step, total-etch’ or ‘three-step etch and rinse’ dentine bonding
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agents. These ‘two bottle’ total-etch dentine bonding agents are still widely used in
private practise. One bottle contains the ‘Primer’ and the other bottle contains the
‘Adhesive’. One of the best known examples and proven ‘golden standard’ which is
often used in research projects, is Scotchbond Multipurpose Plusa **.33-37 Scotchbond
Multipurpose Plusa is also used as control in the research performed for this study, in
both the shear bond strength and microleakage studies.

The use of these dentine bonding agents involves a 35-37% phosphoric acid-etching
step that completely removes the smear layer. According to Kugel & Ferrari (2000),38
the first research on this generation was done by Fusayama and his co-workers who
tried to simplify bonding to enamel and dentine by etching the preparation with 40%
phosphoric acid. At that stage they did not realise that their recommended procedure
in fact over-etched the dentine, something which subsequently led to a collapse of
exposed collagen fibers. In 1982, Nakabayashi and co-workers39 reported the
formation of the so-called ‘hybrid layer’. They defined this layer as “the structure
formed in dental hard tissues (enamel, dentine, cementum) by demineralization of the
surface and the subsequent subsurface penetration of monomers and its
polymerization”.39

Currently, with the ‘total-etch’ technique (used with both fourth and fifth generation
products) both the enamel and dentine is etched.40,41 35-37% Phosphoric acid is used
to etch dentine and enamel for 10-20 seconds and this step is followed by rinsing of
the etched surfaces. It is recommended to leave the dentine slightly ‘moist’ (also
called ‘wet bonding’).42
**

Manufacturers of products used in this study are listed on page 105.
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The moist dentine is then infiltrated using a hydrophilic primer followed by
application of the bonding resin (Adhesive) (Fig 2).42-44 The ‘bonding mechanism’
includes the formation of resin tags into exposed tubules (Intra-tubular bonding) and
also resin infiltration into the exposed collagen network of demineralised dentine
around the tubules (inter-tubular bonding) (Fig 3,4).44,45

Fig. 2: Bonding agent penetration into etched dentine.
(With acknowledgement to Dr Mark E. Latta) 44
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Fig. 3: SEM shows long resin tags projecting into the dental tubule
(With acknowledgement to Dr. John Gwinnett, State University of New York at Stony Brook) 45

Fig. 4: Resin infiltration into tubules and demineralised dentine.
(With acknowledgement to Dr Walter Dias) 44
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With the current fourth and fifth generation dentine bonding agents ‘hybridization’
involves a hybrid layer of 2-4 micrometers (Fig.5).44 Following polymerization a
hybrid layer is in place which serves a dual purpose – firstly to seal the cut tooth
structure and tubules and secondly to provide a solid bonding foundation for the
composite restoration. 45-48

Fig. 5: SEM photograph showing the hybrid layer and adhesive layer.
(With acknowledgement to Dr. Jorge Perdigão) 46

Fifth Generation Dentine Bonding Agents
This generation is known as the single bottle, or ‘one bottle’, dentine bonding agents.
They are sometimes also called the ‘two-step etch and rinse’ dentine bonding agents.
In order to limit the number of application steps and thus decrease the working time,
clinicians always request simplified clinical procedures for dental materials. This need
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was addressed with the so-called ‘one bottle’ systems, where the ‘primer’ and the
‘adhesive resins’ are combined into one bottle. This not only reduces the number of
steps in the bonding procedure, but it has also been shown that technique sensitivity is
reduced. Although there is one less application step, the method of hybrid layer
formation is similar to that of fourth generation products.49,50 Since the author did not
include any fifth generation products as part of the research projects described in this
dissertation, and focus is placed mainly on self-etching bonding agents, advantages
and disadvantages applicable to fourth versus fifth generation dentine bonding agents
will not be discussed.

Sixth Generation Dentine Bonding Agents
In order to further reduce the number of steps involved in the bonding procedure,
‘self-etching’ primers followed by application of a bonding agent (adhesive) were
introduced as a simplified procedure.51-54 These self-etching primers (with acidic
monomers) are applied directly onto smear layer covered dentine, without the need
for pre-etching with phosphoric acid.55

A sixth generation dentine bonding agent is a two-bottle, self-etching dentine bonding
agent, also called ‘two-step, self-etch’ bonding agents. Hybrid layer formation is
similar to fourth generation products with the main difference that etching and
subsequent demineralization is less aggressive.56,57 In general, the advantage is that
less dentine is demineralised, and depending on the acidity, the smear plugs are often
not completely removed.57-60 As a result it is easier to fully hybridize the demineralized dentine and more predictably seal tubules, often resulting in less postoperative sensitivity.61,62 Depending on the acidity of the self-etching primer the
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smear layer is either modified or dissolved. The underlying dentine buffers/neutralizes
the remaining acidity and the smear layer remnants are incorporated into the hybrid
layer (Fig. 6).44,58,63-67

Fig. 6: Smear layer demineralization according to acidity.
(With acknowledgement to Dr Mark E. Latta) 44

Seventh Generation Dentine Bonding Agents
The seventh generation dentine bonding agents are one-bottle (one-step), self-etching
dentine bonding agents. Except for the acid etching step, the method of application,
action and hybrid layer formation is similar to the sixth generation products.68,69 The
self-etching primer and adhesive resin are combined into one bottle.

Both the sixth and seventh generation self-etching bonding agents, with their
simplified procedures (no separate acid etching step), are less technique sensitive to
use and since the etching is generally less aggressive, (with less demineralization of
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dentine), there is a reduced chance of incomplete resin infiltration. There might also
be some additional chemical bonding with some of the self-etching bonding agents.7072

Chemical bonding could be to the advantage of both the clinician and patients, and

warrants further investigation. The ‘evolution’ of bonding agents is presented in
Figure 7. This figure is reproduced from a continuing education article prepared for
INEEDCE by Nazarian in 2008 (Fig. 7).73

Fig. 7: Evolution of bonding agents.73
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2.4. Properties of an ‘Ideal’ Bonding Agent

The ‘ideal’ dentine bonding agent should not be technique sensitive to apply, should
be able to permanently bond to wet as well as dry dentine and enamel, should not
degrade in any form over time, should ideally be permanently anti-bacterial to
withstand any form of secondary caries (bacterial) attack and should perfectly seal cut
tooth structure, and should not allow micro-leakage under any form of mechanical,
chemical or physical stress.40 Nazarian (2008),73 adds ‘thin film thickness’ and
‘fluoride releasing’ to the list of properties which an ideal bonding agent should
possess.

Duke (2003),74 states, that during the last 50 years, bonding agents have gone through
a continuous evolution resulting in enhanced durability, and simpler application
techniques. Today (in 2009) self-etching bonding agents have been through quite a
few more years of ‘evolution’ and will hopefully now present the clinician with
reliable, easy to use, clinically acceptable bonding/adhesive interfaces.

2.5. Testing of Dentine Bonding Agent Properties

•

Despite all the modern improvements in bonding agents, composites and
application techniques, post-operative sensitivity and microleakage due to
polymerization shrinkage and shrinkage-related stress remains one of the
biggest problems in modern clinical dentistry. Microleakage often leads to
subsequent bacterial penetration and proliferation, which in turn could lead to
secondary caries.75,76
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•

The challenge remains to bond ‘perfectly’ and ‘permanently’ to tooth
structure, but until such time that techniques and materials will offer this,
researchers will have to look into ways of limiting or keeping bacteria out of
microleakage gaps. An additional advantage would therefore be to use
composites, liners and bonding agents with anti-bacterial properties, but these
anti-bacterial properties will have to, ideally, remain active over many years.

•

With self-etching bonding systems, a relatively new development in the field
of restorative dental materials, one of the factors determining clinical success
is the ability to bond the restoration to the exposed tooth structure effectively,
thereby limiting microleakage.

•

Evaluation and, as in the case of this study, comparison of bond strength,
microleakage and possible anti-bacterial properties, are therefore as applicable
to total-etch dentine bonding agents as they are to self-etching dentine bonding
agents.

2.5.1. Testing of ‘Bond Strength’ to Tooth Structure

The ‘ideal’ dentine bonding agent should permanently bond a resin restorative
material to both dentine and enamel with bond strength high enough to withstand
polymerization shrinkage stress and other intra-oral factors such as variations in
temperature and variations in mechanical loading. Ideally, the achieved ‘bond
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strength’ should therefore remain stable over the lifetime of the tooth, taking into
account not only the above mentioned factors but also long-term chemical and
hydrolytic attack endemic to the oral environment.

Research involving bond strength could measure bond strength values immediately
after bonding (immediate bond strength) or at any given time after bonding, such as
24 hours after the bonding procedure.

‘Immediately’, upon leaving the dental

practise, the patient will subject restorations and their bonds to a variety of
mechanical and physical forces. Subsequently, during the months and years to follow,
chemical and hydrolytic attack will also start playing an increasing role.

Both

‘immediate’ and ‘delayed’ testing (maturing) of bonds therefore have relevance and
research projects should clearly state these variables.

Shear bond strength evaluation is only one of many in-vitro screening tests that could
be done to try and predict the ultimate clinical success of a bonding agent.77,78 This
could be done on a single product;79 comparing different products;78 or comparing
products against a control product (the ‘control’) which has proven itself in long-term
clinical studies.80 However, the validity of shear bond strength studies, as predictors
of clinical success, and as comparison between products, is questioned because of
many possible variables and the fact that standardization is so difficult to achieve. 81-84

According to Pashley et. al. (1995),85 the quality of a bond may be evaluated either by
tensile, shear, torsion, cleavage, pull, extrusion or 4-point bending tests. According to
DeHoff et. al. (1995),86 shear tests include the pull-shear test,87 the push-shear test,88
the planar interface shear test,88 the conical-interface shear test,89 and the lap shear
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test.90 Each of these tests have their own advantages but also limitations. In this
dissertation we focussed on the planar interface test, which is the most-oftenperformed shear bond test in the literature, and for which we had the necessary
instruments and testing facilities. The test method, the bonding jig and shear head
used (Figs. 8-10) are described according to ISO TR 11405 which includes the
methods and apparatus to be used for the testing of adhesion to tooth structure.91

Fig.

8: Schematic drawing of the patented bonding jig used for ISO TR 11405. 91
(numbers refer to components of the Jig – See reference 91)
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Fig. 9: Schematic drawing of the assembled bonding jig.91
(numbers refer to components of the Jig – See reference 91)

Fig 10: Patented, notched shear head. 91
(numbers refer to parts of the shear head – See reference 91)
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The basic principle of this test is that a tooth is prepared to expose a level surface of
either enamel or dentine. A composite stub is bonded to the tooth using the bonding
jig and relevant bonding agent. The stub is then sheared off the tooth with a blade or
other shear load mounted in a loading machine, and operating at a pre-set, constant
shear-head speed (Fig. 11).91,92

c = composite, a = adhesive, d = dentine, k = blunt knife edge
Fig. 11: Schematic drawing of a shear test using a blunt knife-etch shear head.92

A review of the literature points to the fact that there is very little standardization of
shear bond tests and that there are many possible variables that could influence the
outcome (values) and therefore the results.93-96 A specific ‘high’ or ‘low’ value on its
own does not have much value as it depends on many variable factors. The values
obtained in any specific experimental set-up only has value if all the samples are
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tested with the same experimental set-up and under the same laboratory conditions, as
part of the same experiment.95 In other words, one cannot do part of the test today,
some more the next day etc. All possible attempts should be made to standardize
everything for all the samples being tested in the specific experiment.93 Values then
obtained can only be used to grade the samples of the specific test from high to low
and then draw statistical conclusions from that. Again it has to be emphasized that
bond strengths is only one of many possible in-vitro tests which could be performed,
and also that the highest, ‘best’ values does not necessarily mean that a specific
bonding agent will perform the best in a clinical situation.

Figure 12 is an example of published shear bond strength data for a selection of selfetching bonding agents.73 Although it indicated that the product Optibond All-in-One
showed the highest bond strength to both enamel and dentine, it does not necessarily
mean that this product will perform best in the clinical situation. Other important
evaluations of product properties such as resistance to hydrolysis or resistance against
occlusal loading might be poor for this product, which might make it less successful
in the clinical situation. The results of any bond strength study are only valid if used
as a grading between the specific products which were tested. It might not be proof of
good bonding in the clinical situation and there might be many products on the market
which might perform better, if only they had been included in the same study.
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Fig. 12: Example of shear bond research results 73

Al-Salehi and Burke (1997),81 evaluated 50 studies on dentine bond strength and
drafted two tables listing all the variables which had been included in the various
studies (Table I & II). Judging from the number of variables listed it is clear that a
comparison of products is virtually impossible. They further analysed the results of
these studies which revealed some interesting facts (Table III).81 LeLoup et. al.
(2001),95 also lists variables in his meta-analysis of factors involved in dentin
bonding.
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Table I: Specimen preparation variables in 50 studies of dentine bond strength.81
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Table II: Testing variables in 50 studies of dentine bond strength.81
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Table III : Analysis of the 50 studies. 81

From the above it is clear that shear bond strength testing is done in many different
experimental set-ups and that it will be very difficult to compare results from different
studies with each other. The only possible value one could gain would be a grading
of different products in the same experimental set-up and then to compare results
from different ‘similar’ shear bond experiment to look for ‘trends’ which might
indicate a constant/persistent higher or lower bond strengths between a selection of
products.
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In this dissertation the author performed a dentine shear bond strength study during
which a selection of self-etching products was compared to a total-etch dentine
bonding agent, which was used as a control. The value of this sort of study is that the
new generations of self-etching products are evaluated against a clinically proven
product. Should bond strength values of the self-etch product statistically compare to
the ‘proven’ product, then it might be predicted that, at least as far as bonding to
dentine is concerned, the self-etching product may perform clinically as well as the
clinically proven product.

Over the last 10 years Scotchbond Multipurpose Plusa has proven its ability to bond
successfully to dentine, and as previously mentioned, this product can be seen as a
‘golden standard’ against which other products can be evaluated.33-35,37,94 During the
shear bond strength study the author compared the dentine shear bond strength of this
proven product with a selection of self-etching dentine bonding agents. It was
hypothesised that these self-etching products, as far as shear bond strength to dentine
is concerned, would perform statistically comparable to Scotchbond Multipurpose
Plusa. The outcome could then be that the author might recommend to clinicians, that
as far as dentine shear bond strength, the self-etching bonding agents used in this
study could be considered as suitable alternatives to Scotchbond Multipurpose Plusa
and most probably also to other fourth generation dentine bonding agents.

2.5.2 Testing of Microleakage

Various researchers have worked on microleakage associated with dentine bonding
agents and composite resins.96-99 As mentioned previously the ‘ideal’ dentine bonding
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agent should ‘perfectly’ seal and permanently bond a restoration to cut tooth surfaces.
Microleakage allows bacteria to penetrate into the space between the restoration and
cut tooth surfaces. Bacteria can pass through gaps in the order of 0.3-1.5ųm. These
micro-gaps also allow penetration of moisture, nutrients and oxygen. This, coupled
with body temperature, provides the ideal ‘habitat’ for bacteria to thrive in. The
consequences of this situation are well known namely, bacterial proliferation, acid
production, demineralization, and finally the formation of secondary caries (Fig.13).44

Fig. 13: SEM photograph of the adhesive interface with shrinkage related gaps. 44

These gaps (and subsequent microleakage) are often caused by polymerization stress.
Gaps can also form at a later stage if the bond is not able to withstand the mechanical
stresses from mastication or para-functional jaw movements. Shrinkage or expansion
of the restoration due to heat or cold could also cause the formation of gaps due to the
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difference in the coefficient of thermal expansion (COTE) between the restorative
material and tooth structure. For this reason thermocycling (thermal cycling) is a
useful procedure which is used to stress bonds in order to simulate intra-oral
conditions.99 Once the micro-gap has formed, and/or the bond has been broken, a
potential avenue for bacterial penetration exists.

From the above it should be clear that it is important for any bonding agent, not only
to bond to the tooth and restoration with a ‘bond strength’ sufficient to withstand
shrinkage related stress, but also to permanently and completely seal the tooth
structure. Since shrinkage and shrinkage stress remains a reality, there is a need to
investigate whether certain bonding agents bond and seal better than others, allowing
less microleakage to take place.

As is the case with in-vitro shear bond strength evaluations, in-vitro microleakage
evaluations do not necessarily predict clinical success or failure, but it can be used to
compare different products and product types. The purpose of the current study was to
determine whether microleakage values of the self-etching dentine bonding agents
compare favourably with the microleakage values of the control product, Scotchbond
Multipurpose Plus.a

The literature indicates considerable variability in testing parameters and procedures
used by authors.100-126 As can be seen from the listed studies, thermocycling regimes,
dye penetration testing regimes and cavity preparation techniques vary considerably.
The technique chosen (for this dissertation) to evaluate microleakage has often been
used by researchers and is not unique, although some of our variables might be
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different to some other evaluations described in the literature. The same experimental
set-up was used for all the products evaluated in this part of the study - all variables
were kept constant for all the products evaluated. Other experimental set-ups might
produce a different numerical set of data, but the ranking of products should be
similar.

Expanding on the value and importance of microleakage research: It is well known
that microleakage which occurs at the interface between the restorative material and
the tooth can lead to post-operative sensitivity, chronic hypersensitivity, recurrent
caries and pulpal complications.127,128

There are many possible techniques which could be used to study microleakage and
there are many variables applicable. As with shear bond strength testing,
microleakage could be evaluated immediately after bonding or after a certain time
delay. The bond, as well as the restoration, could also be subjected to certain stresses
before microleakage is evaluated. Examples of such stresses are temperature
variations (simulated through thermocycling)100-109 and mechanical occlusal
loading107 using a variety of ‘chewing’ simulators (cyclic mechanical or flexural
loading).

Microleakage can be determined using a variety of techniques. Some are listed below:
•

Evaluating marginal integrity, gaps and measuring ‘gap’ formation.100,101,110-113

•

Dye penetration (various dyes and regimes).114-122

•

Electrical impedance measurements.123-125

•

Radio-isotope penetration.126
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The complexity and importance of microleakage testing can be demonstrated by
looking at the contents of a course on microleakage presented by the Ankara
University in Turkey (Fig. 14).

Fig. 14: Example of a microleakage course presented by the Ankara University
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Most research projects use a single or multiple coats of nail varnish to cover the tooth
around the restoration which is then subjected to dye penetration studies.115,117-122,129133

None of the authors cited discuss their reasons for using this procedure, neither do

they provide references to justify this procedure. The tooth is covered with varnish,
leaving one or two millimetres of tooth structure clear around the restoration. Other
than keeping the tooth ‘clean’ from dye, a secondary perceived advantage is perhaps
that varnish may prevent leaking of dye towards the tooth-restoration junction via
cracks in the tooth. The author could, however, not find the original research
advocating this procedure, nor does it seem to be a pre-requisite for a favourable
outcome. If there are any cracks in the tooth it will still be exposed in the ‘clear’
uncovered 1-2 mm surrounding area, thus allowing penetration of dye towards the
restoration. In this research project the author did not cover the teeth with nail varnish.
The teeth were carefully inspected for any cracks and unwanted dye penetration
pathways. It did take some time and effort to subsequently remove excess surface dye
but no unwanted dye penetration/contamination was found.

Should this indeed be a problem, a more logical measure could be to inspect all teeth
using a microscope for cracks around the prepared/prepared cavity before it is placed
in the dye. When deciding to cover the tooth with varnish care should be taken not to
contaminate the cavity area with varnish. It is very difficult to keep a one millimeter
border clear of varnish, and should this be attempted, it is advisable to do this with
magnification and a special brush. ‘Contamination’ of the restoration-tooth interface
with varnish can easily take place as was found by the author during some pre-testing.
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Scotchbond Multipurpose Plusa was also used as control and ‘golden standard’ for the
microleakage part of the study.

33-35,37,94

During this part of the study the author

compared dentine and enamel microleakage of Scotchbond Multipurpose Plusa with
dentine and enamel microleakage of a selection of self-etching bonding agents. It was
hypothesised that these self-etching products, as far as dentine and enamel
microleakage values are concerned, would perform statistically comparable with
Scotchbond Multipurpose Plusa.

2.5.3. Testing of Anti-Bacterial Properties

Over the years many research projects have been performed on possible anti-bacterial
properties of various dental materials. Tobias et. al. (1988),134 evaluated the antibacterial activity of a calcium hydroxide base, a conventional amalgam, a high copper
amalgam, a composite resin and a polycarboxylate cement, using an agar well
technique. Six micro-organisms found in ferret plaque were used in that study and the
outcome was that most materials showed some anti-bacterial activity when freshly
mixed, but the effect varied for different micro-organisms. A marked reduction was
found in the anti-bacterial activity of all materials after setting for 1 and 7 days.134
Yap et. al. (1999),135 investigated fluoride release and anti-bacterial properties of
fluoride-releasing composites, compomers and a resin-modified glassionomer. The
authors also used an agar well technique and evaluated activity against three types of
micro-organisms (Lactobasillis casei, Streptococcus mutans and Streptococcus
sobrinus). They concluded that none of the materials affected the growth of the three
bacteria included in that study.135 Two studies done on the anti-bacterial properties of
amalgam provided proof that amalgam display anti-bacterial properties.136,137 One of
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these studies compared amalgam to composite, showing that composite lacks the antibacterial properties of amalgam.136 A number of research projects were done on the
possible anti-bacterial properties of glassionomers and resin-modified glassionomers.
Results varied, but most products evaluated did show some activity against bacteria.
However, most of these research projects only evaluated short term (or immediate)
anti-bacterial activity and data on the possible long-term anti-bacterial efficacy is not
available.138-143

Growth Media and Bacteria (Test Organisms)
Tobias (1988),144 did a review of the literature since 1890 and found that the agar
diffusion inhibitory test was used most often to assess the anti-bacterial activity of
dental materials. His review concluded that there is a need for international standards
for the biological testing of dental materials, in particular the strains of test microorganisms and growth media to be used.144 Agar cultures were used in most of the
anti-bacterial studies described in the literature. In this study the author also used a
standard Agar well diffusion technique. The literature describes some variations and
alternatives to the above techniques, each with its own advantages and limitations.145148

Bacteria used in anti-bacterial studies also vary, probably because researchers realize
that a wide variety of bacteria are found in the mouth, on teeth and in cavities. Since
this current study was investigating the effect of possible anti-bacterial properties of
dental materials on bacteria found in carious teeth, the following three bacteria were
chosen as representative organisms - Streptococcus mutans, Lactobacillus paracasei
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and Actinomyces naeslundii. These three organisms play an important role in the
caries process and in caries progression and are often used in studies.149-156

Chlorhexidine
Chlorhexidine is a potent anti-microbial agent with proven efficacy against a variety
of oral bacteria. A Pubmed search (June 2009) with keywords ‘Chlorhexidine’ and
‘Bacteria’ resulted in a list of more than 2000 references. A few research projects
investigated the addition of Chlorhexidine as an ingredient of dental materials or as
cavity disinfectant before restorations are placed.157,158 Others added it to their
research projects as a control against which the efficacy of potential anti-bacterial
substances could be evaluated.159-166 The author also used Chlorhexidine as control in
the current project.

MDPB (12-methacryloyloxydodecylpyridinium bromide)
Recently, during 2006, the Kuraray company launched a self-etching bonding agent
called Clearfil Protect Bondb. This product has an anti-bacterial substance added to
the

proprietary

resin

MDP

and

is

called

MDPB

(12-

methacryloyloxydodecylpyridinium bromide).167-170 The experimental name of
Clearfil Protect Bond at the time of this study was ABFb. This study investigated the
immediate anti-bacterial properties of ABFb which might assist in ‘disinfecting’ the
cavity better before restoration placement. Testing of the long-term/sustained antibacterial properties did not form part of this investigation. The primary objective of
this study was to determine the anti-bacterial efficacy of the primer of ABFb and to
compared it to the primer of a standard self-etching dentine bonding agent Clearfil SE
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Bondc, and to the primer of a fourth generation dentine bonding agent, Scotchbond
Multipurpose Plusa .
It was hypothesised that, due to chemical compounds and solvents such as the ethanol
and acetone which are present in most dentine bonding agents, they would show some
form of anti-bacterial properties. ABFb was expected to have the best anti-bacterial
properties - as claimed by the manufacturer. If any of the products evaluated in this
study proved to display superior anti-bacterial properties, it would be a definite
advantage to the clinician to use such a product.
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3. Materials & Methods
Note: The names and addresses of the manufacturers off all the materials and
equipment used in this study are mentioned in Section 10 (Page 105) of this
dissertation.

3.1. In-vitro Shear Bond Strength Evaluation
The following products were evaluated: Scotchbond Multipurpose Plusa (SBMP)
(control) and five self-etching bonding agents i.e. ABFb, Clearfil SE Bondc, Xeno
IIId, Optibond Solo Self-etche , and Adper Prompt-L-Popf .

Sixty recently extracted, human, third molar teeth were used. After extraction these
teeth were cleaned and stored, for a maximum of two weeks before use, in a 0.1%
Thymolg solution at 4 degrees centigrade. They were subsequently mounted in
stainless steel rings in acrylic resin with their occlusal surfaces exposed. Using an
Imptechh polishing machine the occlusal surfaces were subsequently ground flat to
expose superficial dentine (Fig. 15). A standardized smear layer was created by
polishing with wet 600-grit Silicone Carbide paper. 96

Tooth mounted in
stainless steel ring
Rotating abrasive
disk to abrade
tooth surface

Fig. 15: Grounding technique to produce flat/level dentine surfaces.
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The sixty imbedded teeth were randomly divided into six groups of ten teeth each to
accommodate the five bonding agents and the control. The bonding agents were
applied and cured strictly according to manufacturer’s instructions.

Using two increments of Z100i, A1 shade composite, a resin stub (diameter 2.3798
mm, length 3.0mm) (Fig. 16) was constructed on each of the prepared dentine
surfaces using an Ultradent jigj (Fig. 17).

Bonded Composite stub

Tooth imbedded in
resin in a stainless
steel ring
Fig. 16: Mounted tooth with composite stub

Fig. 17: Ultradent bonding jig j (as per ISO TR11405 91 – see also Fig. 9)
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After placement of the first increment, the composite was cured for 20 seconds with
an Optolux 501k curing light, the second layer was then applied and again cured for
20 seconds. The teeth were removed from the bonding jig and each stub further cured
for 20 seconds from opposing directions.

The mounted teeth were then placed into a special ring clampl manufactured by
Ultradent (Fig.18). Using an Ultradent shear-head attachmentm (Fig. 10, 19) the stubs
were stressed to failure with an Instronn universal testing machine, operating at a
crosshead speed of 0.5 mm/min. The data was statistically analysed using the
ANOVA test (α ≤ 0.05).

Fig. 18: Ultradent ring clampl for Instron test
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Notched shear head
with composite stub

Fig. 19: Shear-head attachmentm for the Instron testing machinen
(See also Fig. 10)

3.2. In-vitro Microleakage Evaluation

Seventy freshly extracted, intact, caries free human third molars were scaled, cleaned
with a slurry of pumice and stored in a sodium azide solution at 5°C. In each tooth a
standard, cylindrical preparation was made at the cemento-enamel junction (CEJ)
using a size medium Ceranao bur (Figures 20 & 21). The teeth were subsequently
randomly divided into 7 groups of ten teeth each.

Bonding agents were applied and light cured strictly according to the manufacturer’s
instructions. Bonding agents used in this study were Optibond Solo Plus Self-Etchp,
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ABF (Clearfil Protect Bond)b, Clearfil SE Bondc, Xeno IIId, OneCoatSE Bondq,
iBondr and Scotchbond Multipurpose Plusa as a control.

CERANA (Nordiska)

Fig. 20: Cerana Bur kit from the Cerana Inlay Systemo (Nordiska Dental)

CEJ

Fig. 21: Prepared cavity at the cemento-enamel junction (CEJ)
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The cavities were restored using two incremental layers of Z100i (A1) composite.
Each layer was cured for 20 seconds using an Optolux 501k curing light. The cavities
were slightly overfilled when placing the last layer. The restored teeth were then
stored overnight for 12 hours in distilled water at 37°C. The restorations were
subsequently finished and polished using Sof-Lex discss and Enhance Polishing cupst
and then imbedded in acrylic resin.

The teeth were then thermocycled between 5 and 60° C (± 2° C) for 250 cycles with a
20 second dwell time.171

All seven groups were then placed in a 0.5% basic Fuchsinu solution for 12 hours at
37° C. The teeth were then removed from the basic Fuchsinu and rinsed well (Fig.
22), imbedded further in acrylic resin (Fig. 23) and cut longitudinally through the
centre of each restoration using an Accutom-2v cutting machine (Fig. 24). Each tooth
was then evaluated at the occlusal enamel margin and at the cervical dentine margin
for microleakage using a light microscope at 50x magnification. Microleakage was
evaluated by two independent evaluators and scores were allocated according to Table
IV and as shown in Figure 25. The data obtained was analyzed using the KruskalWallis test, with Fisher’s least significant difference method utilized for comparison
of specific groups (p<0.05).

47

Bonded composite

Fig. 22: Resin embedded tooth with restored cavity
after basic Fuchsinu treatment

Fig. 23: Re-imbedded tooth. Ready for longitudinal sectioning
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Microleakage

Bonded
composite

Fig. 24: Sectioned tooth. Ready for microleakage evaluation

Table IV: Criteria for scoring microleakage
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Fig. 25: Cavity indicating microleakage scoring criteria

3.3. In-vitro Anti-Bacterial Efficacy
Scotchbond Multipurpose Plusa, ABFb and Clearfil SE Bondc were chosen for this part
of this study. Scotchbond Multipurpose Plusa was used as control with Clearfil SE
Bondc as representative of self-etching bonding agents and ABFb as a product
specifically marketed as a self-etching, ‘anti-bacterial’ bonding agent.

The major components of the three products tested are listed below:
Scotchbond Multipurpose Plusa:
- Aqueous solution of HEMA
- Copolymer of Acrylic and Itaconic acids
- Bisphenol A Diglycidyl Ether Dimethacrylate (BISGMA)
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ABFb:
- MDPB (12-Methacryloyloxydodecylpyridinium bromide)
- MDP (10-Methacryloyloxydecyl dihydrogen phosphate)
- HEMA (2-hydroxyethylmethacrylate)
- di-Camphorquinone
- N,N-Diethanol-p-toluidine
-Water
Clearfil SE Bondc:
- MDP (10-methacryloyloxydecyl dihydrogen phosphate)
- HEMA (2-Hydroxyethyl methacrylate)
- Hydrophilic dimethacrylate
- di-Camphorquinone
- N,N-Diethanol-p-toluidine
- Water
The bacteria Streptococcus mutans (ATCC 25175), Lactobacillus paracasei (A54) and
Actinomyces naeslundii (NCTC 10301) were chosen as representative species of
bacteria often involved in the carious process .149

Suspensions of test organisms were prepared in quarter strength Ringer solution until
turbidity compatible with a 0.5 MacFarland was obtained (DIFCO Laboratories,
Baltimore, USA). The resulting organism concentrations were approximately 1-2x108
CFU/ml.

The suspension (0.1ml) was spread onto selective agar by means of the

standardized glass spreading technique.172 Brain-Heart infusion agar was used for the
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Streptococcus and the Actinomyces species, and Rogosa agar was used for the
Lactobacillus. The plates were incubated at 37°C for 15 minutes before application
of the test materials. Twenty µl each of the test materials were placed on filtration
paper disks (Whatman grade 41, size Ø 20mm). To prevent the solvents from having
an anti-bacterial effect, the solvents in the test materials were allowed to evaporate
completely before the paper disks were placed on the agar plates. For each product,
five agar plates were prepared and two paper disks placed on each agar plate (Fig.26).

The plates were incubated at 37°C for 24hr, 48hr and 72hr respectively. Actinomyces
and Lactobacillus were incubated in anaerobic conditions (Anaerocult A; Merck,
Johannesburg, RSA).

The antibacterial activity was evaluated using the conventional agar plate diffusion
method .173,174 The antibacterial activity of materials was apparent from circular clear
zones of inhibition (‘halos’) around the filtration paper disks (Fig. 26). The inhibition
zones were measured using a micrometer gauge. Measurements were taken after each
incubation period at three different positions for each paper disk (From border of disk
to end of halo at A,B,C : Fig. 26), and an average for the six measurements per plate
for the five plates per product were calculated and the data analyzed using the Student
t-test to determine significant differences.
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4. Results

4.1 In-vitro Shear Bond Strength Evaluation

In this study Clearfil SE Bondc produced the highest dentine shear bond strength
followed by ABFb and Optibond Solo Self-etche. These three products demonstrated
statistically comparable shear bond strength values to the control, Scotchbond
Multipurpose Plusa, and also demonstrated significantly higher bond strengths than
XENO IIId and Adper Prompt-L-Popf (Table V).

Scotchbond MP+ (Control)
Clearfil SE Bond
ABF (Clearfil Protect Bond)
Optibond Solo Self-etch
Xeno III
Adper Prompt-L-Pop
•

Average shear bond
strength (MPa)

Std deviation
(MPa)

24.1
26.2
25.9
21.9
17.3*
15.4*

7.6
7.8
4.3
3.9
4.1
3.1

Significantly different from the Control at p < 0.05

Table V: Dentine shear bond strength values

Further statistical analysis indicated that Xeno IIId demonstrated comparable bond
strengths to Adper Prompt-L-Popf (Xeno III bond strengths were slightly higher than
that of Adper Prompt-L-Pop).
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4.2. In-vitro Microleakage Evaluation

Incisal Enamel Margins (Table VI)
Results for microleakage at the incisal enamel margins indicated significantly
different leakage values from the control, Optibond Solo Plus Self-Etchp, Xeno IIId,
OneCoatSE Bondq and iBondr. Enamel margin microleakage values for Clearfil SE
Bondc and ABFb did not significantly differ from the control Scotchbond
Multipurpose Plusa. Enamel margin microleakage values for Xeno IIId, OneCoatSE
Bondq and iBondr did not significantly differ from each other.

Table VI: Microleakage evaluation at the incisal ENAMEL margins
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Apical Dentine Margins (Table VII)
Results for microleakage at the Apical Dentine margins indicated significantly
different leakage values compared to the control, for Optibond Solo Plus Self-Etchp,
Xeno IIId and OneCoatSE Bondq. Dentine margin microleakage values for Clearfil SE
Bondc, ABFb and iBondr did not significantly differ from the control, Scotchbond
Multipurpose Plusa.

Table VII: Microleakage evaluation at the apical DENTINE margins

4.3. In-vitro Anti-Bacterial Efficacy

The analyzed data for the inhibition zones for the 3 different primers are given in
Table VIII. All three primers showed zones of inhibition for all three species of
bacteria tested. The zone of inhibition for Scotchbond Multipurpose Plusa primer was
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very small for L. paracasei and in some areas barely detectable. Inhibition zones
resulting from Scotchbond Multipurpose Plusa primer for A. naeslundii was not
significantly different (P>0.05) compared with ABFb, but both Scotchbond
Multipurpose Plusa and ABFb primers showed significantly better inhibition (P<0.05)
than the Clearfil SE Bondc primer.

Inhibition zones for ABFb primer against S. mutans were significantly better (p< 0.05)
than Scotchbond Multipurpose Plusa and Clearfil SE Bondc. Inhibition zones of
Clearfil SE Bondc primer were significantly smaller (p<0.05) than that of the ABFb
primer for S. mutans and A. naeslundii , but for L. paracasei no significant difference
in inhibition zones were detected (p>0.05). (See Table IX for results of the statistical
analysis of the data).

Product

S. mutans

A. naeslundii

L. paracasei

[mm]

[mm]

[mm]

ABF

6.50 ± 0.8

8.33 ± 2.3

7.33 ± 1.3

SE Bond

2.00 ± 1.1

2.00 ± 0.9

7.58 ± 0.6

SBMP+

3.67 ± 1.3

7.50 ± 2.4

0.50 ± 0.2

Table VIII: Mean inhibition zones (mm) for the primers of the three
different bonding systems tested against the three test organisms
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Scotchbond MP+
-primer
Clearfil SE Bond
-primer

SE Bond -primer

ABF - primer

S.m.: p<0.05

S.m.: p<0.05

L.p.: p<0.05

L.p.: p<0.05

A.n.:p<0.05

A.n.: p>0.05
S.m.: p<0.05
L.p.: p>0.05
A.n.: p<0.05

Table IX:
Statistical comparison (Student-t test) of primers to indicate
significant differences (p<0.05) in the anti-bacterial inhibition of S.mutans (S.m),
L. paracasei (L.p) and A. naeslundii (A.n).
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5. Discussion

5.1. In-vitro Shear Bond Strength Evaluation

Scotchbond Multipurpose Plusa has been used as control in many in-vitro and in-vivo
shear bond strength tests and it can be stated that if a product compares favourably to
Scotchbond Multipurpose Plusa then it should be acceptable for clinical use

33-35,37,94

.

Clearfil SE Bondc is also one of the first self-etching bonding agents and already has a
proven track record lasting at least ten years and is consistent in its high values for
bonding to enamel and dentine. 102, 175-185 ABFb has subsequently been launched in the
market as Clearfil Protect Bondb, a self-etching, anti-bacterial, fluoride-releasing,
dentine bonding agent.

Since the phosphoric acid etching step is eliminated when using self-etching dentine
bonding agents, tooth structure is etched less aggressive than when using total-etch
dentine bonding agents. This fact led to concerns about enamel etching and etching
patterns of self-etching systems, which in turn resulted in more studies being done on
enamel shear bond strength than studies done on dentine shear bond strength.186-194
These studies address the concern that the ‘less aggressive’ etching of enamel by selfetching dentine bonding agents might result in lower bond strength and higher
microleakage. In the current study the author decided to evaluate only dentine shear
bond strength.

Self-etching dentine bonding systems are composed of aqueous mixtures of acidic
functional monomers, commonly phosphoric acid- or carboxylic acid-esters. These
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self-etching dentine bonding agents are classified by some in three categories
according to their acidity: mild, moderate and aggressive.195 Different self-etching
dentine bonding agents will therefore etch tooth structure differently, which may
influence both hybrid layer formation and bonding to enamel and dentine, and
possibly influence microleakage values as well. A dentine bonding agent such as
Prompt-L-Popw (and the later generation Adper Prompt-L-Popf) is considered to be an
‘aggressive’ self-etching product. This product dissolves the smear layer and smear
plugs and form hybrid layers resembling those seen with total-etch dentine bonding
agents.58 This ‘total-etch like’ hybrid layer does, however, not mean that its bond
strength values are similar to that of the total-etch bonding systems. Clearfil SE
Bondc, a ‘mild’ self-etching bonding agent normally achieves higher bond strength
values to both dentine and enamel when compared to Prompt-L-Popw.33,58,177 Sundfeld
et. al. (2005),196 investigated hybrid layer formation and resin tag length for PromptL-Popw and compared it to dentine previously acid etched with 37% phosphoric acid.
Similar resin tags were found for all study groups, indicating that hybrid layer and
resin tag formation are not indicative of high bond strength to dentine. Although
Prompt-L-Popw, as an example of an aggressive self-etching dentine bonding agent
was not included in the study, the literature (as described above) indicates that acidity
and acid-etching are not the sole factors responsible for a high, comparative, dentine
bond strength.

The shear bond strength values achieved in the present study for SE Bondc, ABFb,
Optibond Solo Self-etche and the control Scotchbond Multipurpose Plusa (table V),
compare well with the values of other traditional total-etch dentine bonding agents
evaluated by Leirskar et. al. (1998).197 Using Clearfil SE Bondc, Inoue et. al. (1999),68
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reported a shear bond strength of 39 MPa to dentine, Miranda et. al. (2006)198 reported
a shear bond strength of only 16.13 MPa to primary dentine and Kaaden et. al.
(2002),199 reported a shear bond strength of 27.3 MPa to superficial dentine. In the
present study the author obtained a mean shear bond strength of 26.2 MPa to dentine
with the Clearfil SE Bondc system. The experimental product ABFb showed
comparable dentine bond strengths to both Clearfil SE Bondc as well as the control,
Scotchbond Multipurpose Plusa.

Some other studies were also performed to compare dentine bond strength of selfetching dentine bonding agents with total-etch dentine bonding systems. In a study by
Bonilla et. al. (2003),200 is was shown that Clearfil SE Bondc, as example of a selfetching dentine bonding agent, bonded to dentine with a bond strength which was
statistical comparable to some total-etch dentine bonding agents. In a microtensile
dentine bond strength test, the self-etching dentine bonding agent Clearfil SE Bondc
bonded statistically higher to dentine, for both the total-etch systems Adper
Scotchbond Multipurpose Plusa and Optibond Fl (Kerr corporation).36 Although that
study showed no evidence of significant relationships between microtensile bond
strength and microleakage, Clearfil SE Bondc still displayed the highest dentine bond
strength and the lowest leakage of the three dentine bonding agents evaluated. In this
study it was also found that Clearfil SE Bondc reached the highest dentine bond
strength when compared to total-etch systems.36 Kiremitçi et. al. (2004),201 evaluated
bonding to enamel and dentine using Clearfil SE Bondc, comparing it to the total-etch
dentine bonding agent Prime & Bond NT (Dentsply).
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Another relevant factor to be considered is the fact that Clearfil SE Bondc and ABFb
(Clearfil Protect Bond) are two bottle systems (two-step, self-etch). In a study done by
Proença et. al. (2007),202 dentine bond strength of self-etching as well as total-etch
adhesive systems were evaluated. It was reported that Clearfil SE Bondc exhibited a
statistically higher dentine bond strength for all areas of dentine when compared to
one bottle, total-etch dentine bonding agents and also statistically higher than one
bottle, self-etch dentine bonding agents.202

A study which raises concern for the long-term stability of self-etching bonds was
done by Reis et. al. (2005).37 In this study the immediate dentine bond strength for
both Clearfil SE Bondc and Adper Scotchbond Multipurpose Plusa was statistically
similar, but the 6 month bond strength data indicated a marked drop in bond strength
for Clearfil SE Bondc, whilst Adper Scotchbond Multipurpose Plusa showed a slight
increase in bond strength.37 Adper Scotchbond Multipurpose Plusa is more
hydrophobic than most self-etching products. It is postulated that the high polarity,
more hydrophilic monomers of self-etching systems might be prone to long-term
hydrolytic degradation.203,204 Although some authors did not report this drop in bond
strength, the long-term stability concerns remain valid, and more long-term studies
are needed.

In a study by Sengün et. al. (2002),205 on bonding to normal and caries–affected
dentine, Clearfil SE Bondc bonded statistically higher to most, and similar to some of
the total-etch dentine bonding agents. In another study comparing bonding to carious
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dentine no statistical difference in bond strength between the total-etch product Adper
Single Bond (3M ESPE) (one bottle) and the self-etch product ABFb was found.206

The author’s study evaluated immediate shear bond strength to superficial human
dentine. Many other studies on dentine bonding using self-etching bonding systems
are available which also supports the view that some self-etching systems may be a
clinically acceptable alternative to total-etch systems. Bekes et. al. (2007),207
evaluated the clinical performance over two years of total-etch and self-etching
products and concluded that the systems tested demonstrated a very good clinical
performance in the restoration of class I and II restorations.207 A study by Breschi et.
al. (2008),208 investigated the latest peer reviewed reports related to formation, aging
and stability of resin bonding. Those studies indicated that the long-term stability of
simplified one-bottle systems are a cause for concern, but that two-bottle self-etching
systems (two-step, self-etching) and two bottle total-etch dentine bonding agents
(three-step, etch-and-rinse) showed the best clinical performance.208

An article by

Donmez et. al. (2005),209 however, questions the long term stability of all self-etching
bonds due to possible ‘water tree’ formation and the possibility of subsequent
hydrolytic degradation of these bonds. Many other articles also focus on long-term
stability of these ‘hydrophilic’ self-etching bonds, with most concerns focussed on
single-step/one-bottle systems, but some also on two-bottle self-etching systems such
as Clearfil SE Bondc. ‘Water tree’ formation and ‘nanoleakage’ into hybrid layers
formed by self-etching bonding systems may make these hybrid layers prone to longterm hydrolytic attack which could cause early bond failure.210-214
.
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It is interesting to note that both Scotchbond Multipurpose Plusa and SE Bondc are
two-bottle systems incorporating a viscous, hydrophobic resin as adhesive (bonding)
resin. ABFb has a similar consistency, and high shear bond values, comparable to
Clearfil SE Bondc. The products Xeno IIId and Adper Prompt-L-Popf are both premixed before application and have a higher viscosity. When applied both produce a
visibly thinner layer of bonding agent, especially when air-thinned. Using these and
other products in previous shear bond strength evaluations the authors have observed
that products with higher viscosity consistently produced lower values in shear bond
strength tests. These products were also more sensitive to variation in application
techniques.

5.2. In-vitro Microleakage Evaluation

Microleakage study results vary for different products, but of relevance is the fact that
most studies show no direct link between bond strength and microleakage.36,133 The
highest bond strength therefore does not mean the product will have the lowest
microleakage. But, as mentioned, bonding to enamel remains a concern and quite a
few research articles query the efficacy of self-etching enamel bonding and provide
conflicting results, specifically for enamel microleakage.102,110,121,215,216

In order to evaluate bond strength and microleakage under conditions simulating the
oral cavity some authors make use of thermal cycling (thermocycling) or load cycling
regimes as part of their studies. Thermal cycling was used in this project. Thermal
cycling attempts to simulate the influence of either hot or cold conditions, as found invivo, on the restoration. Regimes vary considerably in the literature with variations in
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temperature, immersion and dwell times, as well as the number of times the
restorations are ‘cycled’. For the purpose of this study the author chose a regime
which was compatible to the equipment available (The teeth were thermocycled
between 5° C and 60° C (± 2° C) for 250 cycles with a dwell time of 20 seconds).171

As an example of the variations in thermocycling regimes the following studies are
highlighted. Eminkahyagil et. al. (2005),217 thermocycled teeth for 500 cycles
between 5° C and 55° C with a dwell time of 30 seconds, while Toledano et. al.
(2000),218 thermocycled teeth between 5 ° C and 55° C (with no mention of dwell
times). Pradelle-Plasse et. al. (2001),121 thermocyled teeth for 2200 cycles between 5°
C and 55° C with a dwell time of 10 seconds, Ernst et. al. (2002),102 used 5000 cycles
between 5° C and 55° C, with a dwell time of 30 seconds.

De Munck et. al. (2005),219 subjected dentine bonds in class one cavities to 20000
cycles using a two-step self-etch bonding agent and a three-step total-etch dentine
bonding agent. A noteworthy conclusion of their research was that thermocycling did
not enhance chemical or mechanical degradation of the bonds. In an article on the
effect of thermocycling times on dentine bond strength, Burger et. al. (1992),171 found
no significant difference between the groups evaluated. They evaluated shear bond
strength to dentine and used cycles of 100, 500, 1000, 2000 and 4000. More research
on the effect of different thermocycling regimes on microleakage, for both self-etch
and total-etch dentine bonding agents, needs to be performed. Comparing the effect of
thermocycling on shear bond results versus micro-tensile results will also be of
interest.
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The huge number of variables in dental materials research remains a problem and all
results from studies need to be considered - taking into account the variables involved.
As previously mentioned, results often cannot be interpreted as ‘absolutes’ but need to
be compared with all other available research and conclusions need to be drawn
regarding the ‘trends’. Very few research projects are available where the products,
apparatus, regimes, conditions ea. are all similar. In the author’s research on shear
bond strength and microleakage no other publications evaluating the same products,
under the same possible variables, could be found.

Measuring/evaluating microleakage can be done using a variety of techniques - as
described in the literature. For the purpose of the author’s study a dye leakage
technique was followed (All seven groups were placed in a 0.5% basic Fuchsinh
solution for 12 hours at 37° C). A study of the literature indicates a variety of ‘dyes’
being used as well as dye submersion/exposure regimes. Bortolotto et. al. (2008),220
used an aqueous solution of 50 wt% ammoniacal silver nitrate and teeth were
immersed for 24 hours, Ferrari et. al. (2000),221 in turn, immersed samples in a 2%
methylene blue solution at room temperature for 24 hours, Rossomondo et. al.
(1995),122 used basic fuchsin dye (The concentration was not specified) and the
restorations were immersed for up to 160 hours for the duration of 5000 cycles.
Toledano et. al. (2000),218 used 0.5% basic fuchsin and immersed the restorations in
the dye for a period of 24 hours. These are but a few of the variations described in the
literature.

In this current study an attempt was made to standardize the cavity size by using a
standard sized Ceranao inlay bur. Polymerization contraction (shrinkage) generated by
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composite at the bonding interface, has been reported to increase as the C-factor
increases.222 Also applicable is the magnitude of the contraction stress, a factor which
is dependant on the composite itself and the volume or thickness of that specific
composite.12,223 In this study the relatively large cavity size and geometry probably
resulted in high shrinkage forces and a high configuration factor, but since the cavity
size was kept constant and the bonding agents were compared with each other, this
fact would not have influenced the results and the final outcome of this study. Overall
high leakage values could have been expected, as was indeed the case.

It has been determined that the time immediately following placement of the
restoration is critical since enamel and dentine bonding must counteract the composite
shrinkage.9 The author decided, for this part of the study, to allow the prepared and
subsequently restored cavities to mature overnight in distilled water before
thermocycling. This ‘maturing’ was allowed to ensure optimal polymerization and
stress distribution during this critical part of polymerization, before final immersion in
dye.224 Although the bond strength values seem to be adequate, marginal leakage at
the dentine and enamel margins could not be prevented. Overall, the results of this
study seem to correlate well with similar studies reported in the literature.225-227
Although not always the case, it has been confirmed in the present study, that there is
a relationship between microleakage values and bond strength values. Results in the
literature vary but some correspond with the results obtained by the author (Table
X).228-230

Because the bond to acid etched enamel is normally stronger than to dentine, an
interfacial gap is likely to form (due to polymerization shrinkage of composite resin)
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at the gingival cementum (apical dentine) margins.230 The bonding substrate at the
gingival margins consists of an outer layer, 150-400µm thick, partially formed by
cementum. This hypo-mineralized, hyper-organic substrate, even after etching, does
not allow good infiltration by adhesive materials.165 The results of this study with selfetching systems also indicate better sealing at the enamel margins, both for the control
as well as for the self-etching systems as a group (Table X).

Table X: Enamel and dentine leakage scores compared to dentine shear
bond strength evaluation*.
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5.3. In-vitro Anti-Bacterial Efficacy

Secondary caries remain one of the main reasons for the replacement of
restorations.231 Thus, the ability of any material to inhibit secondary caries formation
is an important clinical therapeutic property and it is therefore obvious that any
material which will inhibit bacteria, and/or re-mineralize tooth structure through
fluoride release, will be a major factor in the prevention of further tooth decay.

The author’s evaluations on shear bond strength and microleakage both indicated that
some self-etching bonding systems compare favourably to the more traditional totaletch systems. But, it has also shown that microleakage gaps could not be prevented
with any of the systems evaluated. This led to the author’s anti-bacterial study which
aimed to identify products with possible anti-bacterial properties that could possibly
prevent or limit bacterial penetration, or delay bacterial proliferation.

Various researchers have published studies on the anti-bacterial properties of current
dentine bonding agents and/or composites.146,155,158,163,229-231 Although self-etching
bonding systems are relatively new, some have proven themselves clinically and
according to studies also possess some anti-bacterial properties.106,232,233 The current
study confirmed this.

For several decades Streptococcus has been seen as the most important caries forming
bacteria and much research has been done to find methods of either limiting its
colonization, or immunization against its prevalence.234 The latest research seems to
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point at the role of a variety of bacteria involved in caries development and
progression.106 Limiting one species of bacteria alone might not result in caries
inhibition as this might give other species the opportunity to multiply readily and
continue the carious process. Although self-etching bonding systems are relatively
new, some have already proven themselves clinically.105,235,236 It seems as if the
manufacturers of the new product ABFb / Clearfil Protect Bondb attempted to include
the proven advantages of fluoride (in the adhesive) as an ingredient, coupled with an
additional anti-bacterial agent (in the primer). This might limit or delay bacterial
proliferation in microleakage gaps (which we know are present in most restored
teeth).

During 1996 Holmgren and Pilot published a “Preliminary Research Agenda for
Minimal Intervention Techniques for caries”.237 One of the research agendas on the
list covers the problem of microleakage and bacterial inhibition, explaining how
improved new materials offers biocompatibility, may prevent the onset of caries
and/or progression, improve re-mineralization, and may also be bacteriostatic. With
the high likelihood of some form of microleakage, and accompanying secondary
caries due to bacterial proliferation, it seems logical that any anti-bacterial product
that might limit or control bacteria in and around the cavity, may extend the life
expectancy of any restoration considerably .237,238,240

According to a study done by Imazato et. al. in 2001 on anti-bacterial properties of
dentine bonding agents, the primer of the product ABFb was found to be the most
bactericidal among the materials tested.169 The authors found that the ingredient
MDPB (as found in ABFb) could be beneficial in eliminating the residual bacteria
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often found in cavities. Karanika-Kouma et.al. (2001),140 tested the anti-bacterial
properties of various bonding agents against cariogenic bacteria, and found various
degrees of anti-bacterial activity against all the test bacteria. Various other authors
concluded that ‘anti-bacterial’ properties of tested adhesives might reduce the
consequences of microleakage owing to their anti-bacterial properties .153,240,241

In this study the primer of ABFb was significantly more effective in inhibiting S.
mutans than both Scotchbond Multipurpose Plusa and Clearfil SE Bondc. ABFb did
have a notable inhibitory effect on both A. naeslundii and L. paracasei but was only
statistically more effective against A. naeslundi when compared with Clearfil SE
Bonda primer and statistically more effective against L. paracasei when compared
with Scotchbond Multipurpose Plusa primer.

The results of this study provided

evidence that ABFb had a significant anti-bacterial efficacy against the spectrum of
bacterial species included in this study. These results corresponds to findings from
other authors that ABFb has an anti-bacterial efficacy against organisms which may be
found in microleakage gaps.140,169
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6. Conclusions
6.1. In-vitro Shear Bond Strength Evaluation
In this study three of the five self-etching bonding systems bonded statistically
comparable to the total-etch control (Table IV). Some of the self-etching bonding
systems tested seem to be viable alternatives for clinical use compared to the more
‘traditional’ and proven types of dentine bonding agents, such as Scotchbond
Multipurpose Plusa.

It may be relevant that the use of a viscous, hydrophobic adhesive resin, following the
primer or self-etching primer, is important in obtaining consistent high shear bond
strength values. Further studies need to be done on the technique sensitivity of these
products, the long-term clinical value of “high” or “low” shear bond strength values
and the long term efficacy of these bonds to dentine.

Since different products were evaluated under different experimental conditions these
studies do not indicate that all self-etching dentine bonding agents will achieve a
higher dentine bond strength and lower microleakage than total-etch dentine bonding
agents. The author’s research indicates high values for Clearfil SE Bondc and Clearfil
Protect Bondb (ABF) specifically, and indicates that some self-etching systems
compare favourably to total-etch dentine bonding agents. Many studies are available,
some with contradictory results to that of the author. But by far the majority of studies
showed that most self-etching dentine bonding agents bond well to dentine, some
even better than the traditional total-etch dentine bonding agents.
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6.2. In-vitro Microleakage Evaluation

In this project both Clearfil SE Bondc and ABFb (Clearfil Protect Bond) achieved
statistically comparable microleakage values for both enamel and dentine when
compared to Adper Scotchbond Multipurpose Plusa, a well researched and proven
fourth generation (total-etch) dentine bonding agent. The results of this study compare
well with research done by other workers in the field and private practitioners can be
advised, that as far as marginal leakage is concerned, SE Bondc and ABFb (Clearfil
Protect Bond) self-etching bonding agents are viable alternatives for clinical use
compared to clinically proven products such as Scotchbond Multipurpose Plusa.

More research needs to be done on enamel bond strength and sealing of enamel
margins when using self-etching systems, as well as on the long term stability of selfetching bonds. Factors relating to sealing and bonding the ‘difficult to etch’ apical
cementum/dentine margin areas in class V restorations, using self-etching systems,
also need to be investigated in more detail.

6.3. In-vitro Anti-Bacterial Efficacy

The results of this study did provide evidence that ABFb had a significant antibacterial efficacy against the spectrum of bacterial species included in this study.

Since it was noted that ABFb effectively inhibited all three species of bacteria
included in this study, this spectrum of anti-bacterial efficacy should be beneficial in
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limiting secondary caries formation and/or progression. Further research needs to be
done on the anti-bacterial properties of MDPB containing primers, especially the
long-term anti-bacterial efficacy on a greater variety of organisms, which might play a
part in the onset and progression of caries. It is unclear if these anti-bacterial
properties will act in the long-term and whether it will have any real clinical
advantage when compared to other bonding agents.

6.4. General Conclusions

The studies performed by the author achieved comparative/similar results to some
studies described in the literature but it is clear from the literature that some studies
provide conflicting results, especially leakage of enamel margins when using selfetching bonding agents.101, 120,242-244

Taking into consideration the limitations of the three studies performed, it can be
concluded that as far as the three evaluated properties of self-etching dentine bonding
agents are concerned, they should prove to be acceptable clinical alternatives for use
in place of total-etch dentine bonding agents.
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10. Materials and Equipment Manufacturers

Manufacturer :

3M ESPE, St Paul, Minnesota, USA

Products:
Adper Scotchbond Multipurpose Plusa
Scotchbond Multipurpose Plusa
Note: Both products are the same. The company added ‘Adper’ to al their bonding
agents three years ago.
Prompt-L-Popw
Adper Prompt-L-Popf
Note: Both products are the same but modifications have been made to the original
version. The company added ‘Adper’ to al their bonding agents five years ago.
Z100 Shade A1 compositei
Sof-Lex polishing diskss

Manufacturer: Kuraray, Osaka, Japan
Products:
Clearfil ABF b
Clearfil Protect Bond b
Note: Both ABF and Clearfil Protect Bond are the same products – ABF is the
experimental version of Clearfil Protect Bond.
Clearfil SE Bond c
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Manufacturer: Dentsply, Konstanz, Germany
Products:
Xeno IIId
Enhance polishing systemt

Manufacturer: Kerr Corporation, Orange, California, USA
Products:
Optibond Solo Self-etche
Optibond Solo Plus Self-etchp

Manufacturer: VJCHEM, Doncaster, Canada
Product: Thymolg (0.1%)

Manufacturer: Imptech, Sunward Park, South Africa
Product: Imptech polishing machineh (Fig. 15)

Manufacturer: Ultradent Products, Salt Lake City, Utah, USA
Products:
Ultradent bonding jigj (Fig. 17)
Ultradent ring clampl for Instron test (Fig. 18)
Shear-head attachmentm for Instron testing machine (Fig. 19)

Manufacturer: Kerr Corporation, Romola, Michigan, USA
Product: Optolux 501 Curing lightk
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Manufacturer: Instron Corporation, Canton, Michigan, USA
Product: Instron Universal Testing machinen

Manufacturer: Nordiska Dental, Ängelholm, Sweden
Product: Cerana Bur kit from the Cerana Inlay Systemo: (Fig. 20)

Manufacturer: Coltène Whaledent, Altstätten, Swizerland
Product: One CoatSE Bondq

Manufacturer: Hareaus Kulzer, Hanau, Germany
Product: iBondr

Manufacturer: Sigma-Aldric, St Louis, Missouri, USA
Product: Fuchsinu

Manufacturer: Struers, Ballerup, Denmark
Product: Struers Accutom-2 low speed cutting machinev
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