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ABSTRACT

Topic: Assessment of Dental Bond strength after selective Pre-treatment of dentin.
Objective: To assess the efficacy of 1, 2, 3, 4 butane tetracarboxylic acid as a dentin preconditioning agent, as compared to Chlorhexidine to increase the Resin-dentin bond strength.
Materials and methods: In this study, 60 tooth samples of 1 cm height, were prepared and randomly
divided into 2 groups, for immediate and delayed testing, after 1 month; Each subgroup was further
divided into test and control (n= 15). Each sample was first preconditioned with the respective
agent for 30 seconds, followed washing and air drying. Then the self-etch adhesive was applied,
dried after 5 seconds and light cured for 20 seconds. Composite was built up in 1mm thick
increments, upto a height of 1cm, and cured for 40 seconds. All the samples were stored in artificial
saliva at room temperature, in closed containers. Group I were tested after 24hours and Group II,
after 1 month. The samples were tested for their microtensile bond strength using a UTM machine
and statistical analysis was done.
Results: Bond stability at 24hours was slightly better for the test group, than the control group. At
1 month, it was even better for the test group as compared to control group. Though the results
were not statistically significant within the group. also there was no significant reduction in the
Microtensile bond strength between the immediate testing and testing after 1 month.
Conclusion: 1, 2, 3, 4 butane tetracarboxylic acid proved to be as effective as Chlorhexidine as a
preconditioner for dentin. So, it can be used as an alternative to Chlorhexidine.
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Introduction

One of the most common dental problems, affecting people of all backgrounds all over the
world is Dental Caries. The restorative dentistry is one of the most important dental procedures,
in dentistry. The removal of dental caries and restoring it with the suitable dental material
restorations has been an integral part of clinical dentistry. Composite resins, since their
introduction have been very popular in restoring the caries of the aesthetic concern, with
minimum tooth reduction (1). Composite (componere = to combine), tooth-colored restorative
material. It can be used for both, direct and indirect restoration. Among the direct restorative
materials, it is the most esthetic (5). Composite resins were introduced in place of acrylic resins
and the previously used silicate cements, back in the 1940s. At first, Orthophosphoric acid was
used in 1955 by Buonocore, to improve the enamel to resin adhesion. Bowen added Bis-GMA,
in acrylic resins, to have better physical properties, in 1962. However, these self-cured
composites required the monomer base to be mixed with the activator catalyst, leading to
disadvantages such as of the proportions, mixing process and color stability. To overcome these
disadvantages, composites, curable by an electromagnetic radiation became popular, in 1970s.
Initially, an ultraviolet light source (365 nm) was used. But these UV lights had their own
disadvantages like, shallow polymerization and iatrogenic side-effects. So, these UV light was
replaced with visible light (427-491 nm). The visible light is till now used. Every now and then,
various changes have been done to improve the properties of the composites (3).

The basic structure of all composites, consists of 3 main components. These 3 components are
the Matrix (organic phase), Filler (inorganic phase) and the Coupling agent (organosilane). The
coupling agent help the filler and matrix to bond. These 3 phases govern the properties of
composites. The coupling agent consists of a molecule with silane groups at one end and
2
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methacrylate groups at the other. The organic matrix of composite resins is consists of mono-,
di- or tri-functional monomers; a free radical polymerisation initiation system,
camphoroquinone in light cured composites along with a tertiary aliphatic amine reducing
agent (4-n,n-dimethylamino-phenyl-ethanol, DMAPE or dimethylaminoethyl methacrylate or
ethyl-4-dimethylaminobenzoate or N,N-cyanoethyl-methylaniline) and benzoyl peroxide, in
chemically-cured composites, along with n,n-dihydroxyethyl-p-toluidine; an accelerator,
inhibitor such as hydroquinone monomethyl ether; and, absorbers of UV lights, like 2hydroxy-4-methoxybenzophenone. Bis-GMA, is the most commonly used monomer in
composites, which forms the backbone of the resin matrix. It can be used alone or in
combination with urethane dimethacrylate. BIS-GMA being highly viscous, is diluted with
other low-viscosity monomers, such as ethoxylated bisphenol A dimethacrylate (Bis-EMA),
ethyleneglycoldimethacrylate (EGDMA), triethylene glycol dimethacrylate (TEGDMA),
methyl methacrylate (MMA) or tetraethylene glycol dimethacrylate which make its handling
easier (3).

The dentin bonding agents bond with both, the dentin and the monomer of the composite. A
bonding agent should have the following requirements. The bonding agent should have
adequate bond strength to withstand the stress of polymerization shrinkage. Optimum bond
strength is 17Mpa – 20Mpa. It should be biocompatible with the tissues. Other desirable
characteristics are durability of the bond, minimum micro leakage, resistance to secondary
caries and marginal staining, easy to use and a good shelf-life (6).

3
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The three main components of dentin bonding adhesives are Conditioner, Primer and Bonding
agents (6). The Factors affecting the adhesion are Wetting, Contact Angle, Surface Energy,
Surface Contamination and most importantly, Water (7).

Mechanism of this adhesion can be:
1. Physical means of adhesion involve the:
a. Van der Waals interactions: Attraction between opposite charges on ions and dipoles.
b. Dispersion forces: between induced dipoles
c. Hydrogen bond

2. Chemical means of adhesion:
a. Covalent bond: It involves sharing electron between two atoms or molecules and is present
in all organic compounds.
b. Ionic bond: In this type of bonding, there is an interchange between the electrons of two
different atoms, e.g. GIC.
c. Metallic bond: It occurs characteristically in metals, where mobile electrons are shared
among atoms in a usually stable crystalline structure.

3. Mechanical means of adhesion: bonding occurs as a microscopic interlocking of materials.
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Dentin bonding agents can be classified into six groups of compounds:
a) Polyurethane.
b) Polyacrylic acids.
c) Organic phosphates.
d) Mellitic anhydride and methyl methacrylate (4-META).
e) Hydroxyethyl methacrylate plus glutaraldehyde (HEMA + GA).
f) Ferric oxalate and NPG-GMA (N-phenyl glycine and glycidyl methacrylate) and PMDM
(pyromellitic dianhydride and 2-hydroxyethyl methacrylate).

Polyurethanes: The urethane bonding type is formed by the reaction between polyol and discyanate.

Polyacrylic acids: These are similar as in GIC and are copolymers of acrylic and itaconic
acids. These acids attach irreversibly to hydroxyapatite in dentin by displacing the phosphate
ions and then the composite attaches to the polyacrylic acids.

Organic phosphonates: Here, the phosphate end reacts with calcium in hydroxyapatite and
the C=C double bond at the other end reacts with the composite.

Mellitic anhydride plus methyl methacrylate: Also called as 4-META, because the mellitic
anhydride is dissolved in methyl methacrylate.

Hydroxyethyl methacrylate and glutaraldehyde: A reaction occurs between glutaraldehyde
and amino group and HEMA, followed by a reaction with the composite through C = C double
bond
5
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Ferric oxalate – NPG-GMA / PMDM systems: The ferric oxalate removes the smear layer
from dentin, while the NPG-GMA and PMDM bond to the dentin and contain C = C double
bond to react with the composite.

Disadvantages of 1st generation bonding agents: these agents had their disadvantages like
hydrolysis of glyco-phosphoric acid dimethacrylate in the oral cavity, difficulty in bulk
polymerization of the cyanoacrylates, instability of NPG-GMA and very low bond strengths (3
MPa) made this generation least popular. Example- CERVIDENT (Stainless steel white).

Second Generation Dentin Bonding System: In general, they were better versions of the first
generation bonding agents. The agents used were: Halo phosphorous esters of Bisphenyl A
glycidal methacrylates (BIS-GMA).

Third Generation Bonding Systems: This generation had better bond strength and clinical
properties than the previous 2 generations. It is still the most popular generation. These agents
needed removal or modification or dissolution of the smear layer. To achieve this goal, a
conditioner was used along with the bonding agent. The chemistry of these agents is more
diverse than 2nd generation systems and includes various agents for conditioning the dentin.

Fourth Generation Bonding System: These agents remove the smear layer by either selective
etch or all etch technique. These bonding agents can bond to dentin, enamel, amalgam,
porcelain, composite. Hence, they are also called Universal bonding agent.

6
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Mechanism of bonding (as proposed by Nakabayashi): The resin gets diffused and
impregnated into the substrate of dentin. Then, the polymerization of the resin takes place and
a hybrid layer is formed. This hybrid layer consists of resin reinforced into the dentin and is
acid resistant. This type of bonding is mostly seen in the 4th generation dentin adhesives.

Fifth Generation Denting Bonding Systems: The distinct characteristic of the so-called fifth
generation is the combination of the primer and bonding resin application steps to achieve
bonding with a one component resin formula. (One bottle bonding system). These systems rely
on the hybridization of dentine for achieving adhesion.

Sixth Generation Dentin Bonding System: In this etchant and primer are combined. It is also
known as self-etching primer, consisting of phosphate derivatives of hydrophilic monomer
such as phenyl-P (20-25%). It also contains 50% HEMA or other hydrophilic monomer, so
they both etch and prime the dentin. Self-etching primer must have sufficient acidity to
overcome the buffering potential of the dentine, but they must also, contain sufficient monomer
to compete with water when they diffuse through the smear layer. As the smear layer might not
be totally removed by these systems, the partially demineralized smear layer becomes
incorporated into a hybrid layer. Thus, self-etching primer produces a thinner hybrid layer than
systems using etchants such as phosphoric acid. This does not have any effect on the bond
strength (6).

A self-etch adhesive does not have a separate etching step, as they contain acidic monomers
that etch and prime the tooth, in a single step. Pertaining to their acidity, they dissolve the smear
layer and demineralize the underlying dentine ⁄ enamel. This type of bonding is more userfriendly and less technique-sensitive, hence is more reliable in the clinical scenario. Nowadays,
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however, many concerns have been raised about the bonding effectiveness of self-etch systems,
especially in terms of durability, although it may be material dependent. Indeed, some of them
have proved to perform satisfactorily, both in vivo and in vitro. The morphology of the hybrid
layer produced by these adhesives depends on the ability of their functional monomers to
demineralize the dental substrate. Therefore, according to their acidity or etching
aggressiveness, self-etch adhesives can be classified as strong (pH ≤ 1), intermediate (pH ~
1.5) and mild (pH ≥ 2).

Strong self-etch adhesives produce rather deep demineralization effects in both enamel and
dentine. The interfacial ultra-morphological features promoted by these adhesives on dental
substrates resemble those of etch-and rinse systems, despite the fact that the products originated
from demineralization are not rinsed away. On the other hand, mild self-etch adhesives
demineralize dentine only partially, leaving a substantial amount of hydroxyapatite crystals
around the collagen fibrils. This remains available for possible additional chemical interaction.
This two fold bonding mechanism (i.e. micromechanical and chemical adhesion) is believed to
be advantageous in terms of bonding effectiveness and durability. The hybrid layer formed by
such adhesives is no deeper than 1 µm and resin tags are hardly observed. For bond stability
the thickness of hybrid layer and the length of resin tags, both don’t matter. A more recent
adhesive presents a relatively low acidity (pH~2.7) and, consequently, a considerably reduced
ability to dissolve the smear layer and demineralize the underlying dentine surface. However,
the key factor in this ultra-mild adhesive is related to the presence of 10-MDP in its composition
and its consequent ability (8).
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The degradation of adhesive interfaces due to the action of endogenous dentin proteolytic
enzymes acting on exposed collagen fibrils is recognized as a mechanism that significantly
compromises the durability of bond strengths and the integrity of hybrid layers made to dentin
(9). The resin-dentin bonds created by hydrophilic adhesive systems deteriorate over time as
the hybrid layers created by hydrophilic adhesives are unstable in aqueous environments due
to hydrolysis of adhesive resins and degradation of demineralized collagen matrices.

During the acid-etching, endogenous dentin proteases such as matrix metalloproteinases
(MMPs) and cysteine cathepsins, trapped in the apatite crystallites get exposed and activated
by acidic etchants. The further application of acidic monomers increases the protease activities
leading to degradation of the exposed collagen fibrils within the hybrid layers. Entrapment of
water within the resin-dentin interface creates an aqueous environment for proteolytic
degradation of collagen and leaching of enzyme-degradable resinous components.
Demineralized collagen matrices of dentin act as scaffolds for resin infiltration during dentin
bonding. Activation of these proteases leads to the poor durability of resin-dentin bonds. Matrix
metalloproteinase are a family of Zn- and Ca-dependent enzymes and get activated by acidetchants during dentin bonding, particularly the MMP-2, MMP-8 and MMP-9, which are
responsible for degradation of extracellular matrix components. The type I collagen of dentin
is highly cross-linked, yet it is prone to degradation by dentin-specific MMPs. Cathepsin K
cleaves the telopeptides into shorter fragments than MMPs (10).

All the currently available etch-and-rinse adhesive systems compose of 2-hydroxyethyl
methacrylate (HEMA) or other hydrophilic monomer. This hydrophilic monomer increases the
infiltration of hydrophobic components into demineralized dentin to promote micromechanical
retention of curable monomers. However, the presence of hydrophilic components in the hybrid
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layer could promote water penetration and degradation of the polymer over time whereas
HEMA increases permeability of the adhesive layer, taking up water and decreasing the
mechanical properties of hybrid layer. The influence of HEMA on mechanical properties of
polymer structure may be attributed to the low degree of conversion exhibited by polymers
containing increased concentration of HEMA. It is known that a low degree of conversion is
related to a low crosslink density and decreased mechanical properties of the formed polymer.
The bond strength to tooth substrate is directly related to the mechanical properties of the
adhesive layer. An increased ratio of HEMA decreases the degree of conversion, leading to
reduced tensile strength, and increased water sorption and solubility of polymer (11).

Various studies stated that layer in the absence of detectable interfacial gap, small ions or
molecules diffuse into the hybrid formation. (13).
Although the actual mechanical processes that degrades the resin/dentin bond, works slightly
differently between the total-etch technique (fourth and fifth generation) versus the self-etching
technique (sixth and seventh generation), they also share common denominators. When
phosphoric acid is applied to the prepared dentin surface of the tooth, it demineralizes the
collagen fibrils, leaving a denuded surface. In an ideal situation, the applied resin adhesive
would infiltrate the entire demineralized dentinal surface. However, that sometimes does not
happen. In the case of self-etching adhesives, incomplete resin infiltration can also occur even
though these adhesives are supposed to etch and prime simultaneously. Studies have shown
that total infiltration of resin into the exposed collagen fibrils does not always occur. That can
leave areas of incomplete resin infiltration. There are a number of other factors that also
contribute to bond strength degradation. Some of the obvious factors include continuous
occlusal loading (cyclic loading) through chewing and swallowing, moisture contamination
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from inadequate isolation, and improper use of the adhesive materials (technique sensitivity)
(12).

The first proof of an intrinsic collagenolytic activity of host-derived matrix metalloproteinases
(MMPs) in human non carious mineralized dentin was studied by Pashley et al. in 2013, who
demonstrated that dentin demineralized by acid etching slowly degrades even in the absence
of bacteria and suggested that such proteolytic activity could be due to dentinal matrix
metalloproteinases (MMPs), which had already proven to be expressed in the dentin-pulp
complex (9).

Another group of proteases, cysteine proteases (CPs) have been discovered in both, the sound
and carious human dentin. Human CPs are secreted by the lysosomal cathepsins B, H, and L,
and dipeptidyl peptidase I.

Hence, bond degradation has been a challenge to adhesive restorative techniques. Historically,
many measures have been taken to prevent or control this and improve the stability of adhesive
restorations. This has its effects in endodontics also, when adhesive sealers are used, as bond
degradation can give rise to microleakage and probable failure of endodontics. The exploration
of organic acids as potential dentin-bond stabilizers, led to the use of 1,2,3,4 butane
tetracarboxylic acid, a precursor in adhesives, butane tetracarboxylic methacrylate, as a resindentin bond stabilizer.

11
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The aim of this study was to assess the efficacy of 1, 2, 3, 4 butane tetracarboxylic acid as a
Dentin pre-conditioning agent, as compared to Chlorhexidine to increase the Resin-dentin bond
strength.
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The bond degradation leads to micro-leakage, causing the restoration failure. To negate this
degradation, various preconditioning agents have been used.

The mechanism of glutaraldehyde cross-linking is dependent on the formation of covalent
bonds between the proteins (amino groups) and the glutaraldehyde (aldehyde groups). A study
showed that treatment of acid etched dentin, with 5.0% glutaraldehyde for 1min gave an
increased modulus of elasticity. So, glutaraldehyde also contributes to improve the resistance
to bond degradation by improving dentin’s mechanical properties.
A study done by Ritter et al. in 2001, stated that the treatment of demineralized dentin with GD
resulted in reduction of the free Lys and Hyl residues in collagen hydrolysates and an increase
in reducible compounds representing newly formed crosslinks.
Hass et al, in 2015 concluded that use of primers containing 6.5 wt%, proanthocyanidin, UVAactivated 0.1 wt% riboflavin, 5 wt% glutaraldehyde improved the dentin-resin bond stability
(25). However, despite its efficacy, glutaraldehyde is very toxic, hence is avoided in clinic use.

Chlorhexidine, has been used as a disinfectant in cavity preparation and oral irrigation, and also
shows anti-MMP properties. Many studies have showed the use of Chlorhexidine, along with
the various etch-and-rinse dentin bonding systems, without any reduction of the bond strength.
Pashley et al, in 2004 found that 0.2% Chlorhexidine inhibited collagen degradation.
Moon et al compared the shear bond strength of an etch-and-rinse dentin bonding system with
and without the use of 2% chlorhexidine in the bonding procedure and found a 24% increase
in the shear bond strength when 2% chlorhexidine was used (12).
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CHX inhibits MMP-2, -8 and -9, and cysteine cathepsins. In 2004, Pashley et al. showed that
incorporation of CHX at lower (0.2–2.0%) concentration into methacrylate comonomers has
no effect on water sorption. It may cause a slight decrease in conversion rate, but also increase
flexural strength and modulus of elasticity of dental adhesives (13).

Galardin is a synthetic MMP inhibitor exhibiting strong activity against MMP-1, -2, -8, and 9; which has been confirmed by zymography and interfacial nanoleakage expression after 1
year in a study. It has a collagen-like structure which binds to the active sites of MMPs.
Also, its incorporation in a primer system resulted in inhibition of dentin MMPs, with improved
immediate bond strength, however no change in bond degradation was detected after three
months. Galardin can inhibit the proteolytic activity of demineralized dentin 10–100 times
lower than that of CHX (13).

Tetracycline, doxycycline and minocycline are broad-spectrum antibiotics, having chelating
proprieties leading to MMPs inhibition. Not only can they carry out zinc chelation, but can also
decrease MMPs mRNA expression. Doxycycline, is the only clinically available tetracycline
with MMPs inhibiting properties, and decreases dentin matrix degradation.
Chemically modified tetracyclines (CMTs) are broad-spectrum MMP inhibitors, which do not
have any antimicrobial activity, but MMP-inhibiting capacity (CMT-3, Metastat). They are
very effective in inhibiting MMPs in dentinal caries lesion. They inhibit the activity and
secretion of the enzyme as well as carry out calcium chelation. CMTs can change the
conformation of the pro-enzyme molecule by binding to the enzyme’s active site zinc ion,
thereby blocking its catalytic activity in the extracellular matrix (13).
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Another of broad-spectrum proteases inhibitors are the bisphosphonates. Bisphosphonates
inhibit of MMPs by chelating the zinc and calcium ions from the enzymes. In a recent study,
Tezvergil-Mulutuay et al. showed the inhibition of recombinant MMP9 with less
hydroxyproline release and loss of dry mass using polyvinylphosphonic acid (PVPA). PVPA
binds electrostatically to collagen and its use as a MMP inhibitor may be more beneficial than
CHX as PVPA can be trapped in collagen matrices via the use of 1-ethyl-3-(3dimethylaminopropyl) carbodiimide (EDC), thus the use of PVPA increases the longevity of
the dentin–resin bonds (13).

Other cationic compounds, such as quaternary ammonium compounds, also inhibit the MMPs
and increasing the adhesive interface over time. Quaternary ammonium salts are positively
charged at physiological pHs and have antibacterial activity. Just like CHX, they are cationic
and water-soluble though they do not leach out of bonded interfaces. QAMs inhibit MMP-9
more effectively than Galardin, completely inhibiting the demineralized dentin collagen
degradation. Polymerizable quaternary ammonium methacrylates (QAMs), especially 12methacryloyloxydodecylpyridinium bromide (MDPB) have been added in self-etching primers
because they have antimicrobial properties and can copolymerize with adhesive monomers.

Benzalkonium chloride (BAC) is a mixture of alkylbenzyldimethyl ammonium chlorides of
various alkyl chains and is a cationic surface-acting agent with a quaternary ammonium group
used as antimicrobial agent and surfactant. BAC-containing etchants can be used with etchand-rinse adhesives without affecting immediate bond strength to enamel or dentin. TezvergilMutluay et al. showed that 0.5% BAC inhibited soluble MMP-2, -8 or -9, and significantly
reduced demineralized dentin collagen degradation. BAC molecule binds strongly to
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demineralized dentin even after rinsing, so a large amount of compound remains in the hybrid
layer exerting its anti-MMP properties. (13)

Cross-linking agents improve the stability and resistance of collagen degradation in the
demineralized dentin matrix by producing the covalent cross-linking. They inactivate the active
sites of dentin proteases by reducing the molecular mobility of the active site or by changing
negatively charged ionized carboxyl groups into positively charged amides. Therefore, by
increasing the extent of cross-linking of the collagen fibrils prior to adhesive application may
result in increased bonding stability. Various other compounds like glutaraldehyde,
Proanthrocyanidin (PA), Genipin, riboflavin, as well as tannic acid and carbodiimide have
proven to increase the mechanical and structural stability of dentin collagen, leading to a stable
dentin matrix network and a durable hybrid layer after the resin infiltration. Also, these collagen
cross-linking molecules improve the resistance of uncross-linked or mildly cross-linked
collagen matrices to degradation by bacterial collagenases, minimizing the resin–dentin bond
degradation (13).

In a study, topical treatment with 3.75 mass% proanthocyanidin for 5, 15 or 30 s of 10-mm
deep demineralized dentin provided sufficient cross-linking to protect dentin matrix when
incubated in a 0.1 mass% solution of bacterial collagenase, while untreated controls lost all
their demineralized dentin matrix after one hour of storage in the collagenase solution. Grapeseed extract has also been shown to increase the immediate dentin bond strength, though it
stains the dentin brown and the durability of long-term bond strength has not been studied yet.
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Low-dose riboflavin along with UVA or dental blue light has also proved to be a good dentin
crosslinking agent. These studies stated that it showed an effective MMP inhibition and
stabilization of the adhesive interfaces, increased mechanical properties, stability, and
resistance to dentin collagen degradation. Riboflavin also has other advantages like its
biocompatibility, easy application and activation with UVA blue light, increasing its potential
for application in adhesive dentistry. (13)

Another approach to minimize the collagen degradation while using self-etching adhesives is
to use a protective barrier, such as pyridinium bromide. It develops a 2-µm thick acid-base
resistant zone (ABRZ), below the hybrid layer, which was called “super dentin” by Nikaido
et al. The thickness of this zone is material dependent (12).

1-Ethyl-3-(3-dimethylamino-propyl) carbodiimide (EDC), is yet another cross-linker with very
low cytotoxicity and good dentin collagen degradation reduction property.
EDC consists of a functional group with the formula RN=C=NR. The carbodiimide reacts with
ionized carboxyl groups in proteins to form an O-acylisourea intermediate which reacts with a
non-proteinated amino group and an adjacent protein chain, forming a stable covalent amide
bond between the two proteins, with the only by-product, ie urea. So, EDC inactivates the
active sites of dentin proteases by reducing the molecular mobility of the active site or by
changing negatively charged ionized carboxyl groups into positively charged amides.
Also, EDC has a property of inducing the cross-linking of both helical and especially
telopeptides domains in collagen. It can even prevent telopeptidase activity, removing the
bulky telopeptides from the specific peptide bond of collagenases, leading to stiffer collagen
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which prevents MMPs from “unwinding” collagen peptides. If this unwinding doesn’t occur,
the MMPs catalytic site is unable to cut the peptide causing inhibition of MMPs (13).

Since the hydrolytic attack on ester linkages by increased acidity/basicity of resin components
or by salivary esterases can both occur in the presence of water, resin degradation is directly
related to water sorption. Therefore the use of a hydrophobic photo initiator such as
camphorquinone, for hydrophilic adhesives in the presence of water does not result in complete
polymerization. Also, the saliva is composed of cholesterol esterase and pseudocholinesterase,
which degrade the dimethacrylates. So water-compatible and esterase-resistant dentin
adhesives have to be used; such as hydrophilic photo initiators such as QTX [2-hydroxy-3-(3,
4-dimethyl-9-oxo-9H-thio-xanthen-2-yloxy)-N, N, N-trimethyl-1-propanaminium chloride]
and compatible accelerators, as well as novel bulky/branched esterase-resistant hydrophilic
urethane-modified resin monomers. Other water-soluble photo initiators are TPO [diphenyl (2,
4, 6-trimethylbenzoyl)-phosphine oxide; and sodium acyl phosphine oxide, which contain the
Crown ether, improvig the polymerization of hydrophilic adhesives in the presence of water.
Secondary cross-linking of polar functional groups on methacrylate side-chains increases the
hydrophobic nature of the hybrid layer after initial infiltration of the hydrophilic resin
monomers into the partially or completely demineralized collagen matrix. Increasing the
degree of conversion of mono- and dimethacrylate resins reduces the susceptibility of the
polymerized adhesive layer and resins infiltrating the hybrid layer to esterase hydrolysis by
reducing the number of unreacted pendant functional groups. This leads to increased initial
dynamic mechanical properties of the resin-dentin interface, as well as reduced heterogeneity
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and nanophase separation of polymer matrices when the latter is polymerized in the presence
of water (14).

Dentin bonding with the hydrophilic etch-and-rinse adhesives leads to higher residual water
concentrations, resulting in greater matrix porosity upon solvent evaporation and incomplete
infiltration of hydrophobic monomers. To prevent the degradation of resin–dentin bonds,
ethanol wet-bonding is used alongwith hydrophobic etch-and-rinse systems.
Pretreatment with 100% alcohol removes the collagen matrix water and prevents phase
separation of hydrophobic monomers (e.g., Bis-GMA), thereby minimizing the hydrophobic
monomers in the matrix, as the hydrophobic monomers decrease water sorption/solubility and
resin plasticization, leading to weaker dentin-resin bond strength.

Biomimetic mineralization uses nanotechnology to mimic natural biomineralization by
replacing water from resin-sparse regions of the hybrid layer with apatite crystallites which
small enough to occupy the extra- and intrafibrillar regions of the collagen matrix, causing
remineralization of the resin–dentin bond. This translation of this proof-of-concept strategy
into a clinically applicable technique is currently under development (13).

Tannic acid has been widely used in dentistry as a desensitizing agent, astringent, and for
surface treatment of smear layer and also as a dentin preconditioning agent. The ability of TAdentin matrix complexes to increase the mechanical properties of dentin, reduce enzymatic
degradation, and increase resin-dentin bond strength make it a popular component. Tannic acid
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increases the collagen stiffness by the presence of collagen cross-links and hydrogen bonds
(15).

Sodium toluene sulfinic acid, is another material, proven to be effective in reducing the resindentin bond disintegration. In a study, Sulfinic acid was effective in restoring resin cement
bond strength after NaOCl irrigation by reducing the degradation (16).

Both 1% aqueous citric acid and 1% citric acid in 30% ethanol proved to be great smear
removers as they are acid demineralizing solutions that etch the dentin and facilitate the loss of
peritubular dentin which may cause the tubule apertures to open and become bell shaped to
result in an increase of fluid at the interface. The ideal “smear remover” is one that will remove
the intertubular smear without etching the peritubular dentin or opening the tubular apertures,
hence increasing the bond strength (17).

Another approach to reduce the dentin-resin bond degradation is to replace the original smear
layer with a layer of crystalline precipitate, which simulates the functions of a smear layer
which is achieved by the treatment of dentin with the oxalate solutions. Pashley et al. (1989)
reported that oxalate treatment of dentin increased the shear bond strength of resin to human
dentin (18).

Green tea is a natural MMP inhibitor obtained from the Camellia sinensis plant, consisting of
polyphenol compound, Epigallocatechin-3-gallate (EGCG), which is responsible for inhibiting
MMP-2 and MMP-9, hence improving the mechanical properties of collagen matrix to resist
proteolytic degradation.
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Ascorbic acid or sodium ascorbate (SA) suppresses the denaturing effect of etching on dentin
collagen along with being a potent inhibitor of MMPs, thus offering protection against the
degradation of composite-dentin bond (19).

EDTA is a molecule containing four carboxylic acid groups that can chelate calcium. It is
popularly used to remove the smear layer by dissolving the mineral phase of dentine without
altering dentin proteins and the native fibrillar structure of dentin collagen. Further, EDTA has
an inhibitory effect on the matrix-bound MMPs of demineralized dentin. Because EDTA does
not denature collagen, unlike phosphoric acid, it creates thinner hybrid layers which are easily
infiltrated with resin. Therefore, conditioning with 24% EDTA for 1 minute has shown to
demineralize the dentin and expose the collagen fibrils (20).

Self-etch technique is more user-friendly and less technique-sensitive. Another important
clinical advantage of self-etch adhesives is no or minimal incidence of postoperative
sensitivity, which can be due to their less aggressive and more superficial interaction with
dentin, thereby leaving tubules largely obstructed by smear. However, some studies have
shown a potential disadvantage of bonding defects in incorporating the smear layer into the
hybrid layer. These defects decrease the resistance and stability of the hybridized smear layer,
so its removal by incorporating a separate etching step may be important to obtain more
reliable, strong resin-dentin bonds. Therefore, a conditioning system, which changes the tooth
surface by removing the smear layer and partially removing the surface layer of hydroxyapatite
while also preserving the organic portion of the dentin may be beneficial as pretreatment agent
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for mild self-etch adhesives. However, some studies showed that separate phosphoric acid
etching of dentin could decrease the bond strength and durability of self-etch adhesives.

G-Bond is HEMA (2-hydroxyethyl methacrylate) free self-etch adhesive, which has a superior
etch and adhesion to enamel, in addition to providing a chemical and mechanical seal to
dentin (the Nano Interaction Zone) (24). It consists of Acetone, Distilled Water, 4Methacryloxethyltrimellitate anhydride, Urethane dimethacrylate (UDMA), Triethyleneglycol
dimethacrylate, and can be used for bonding of light cured composites, and bonding of dual
cured luting and core build up composites (24).

Carboxylic acids, are any of a class of organic compounds in which a carbon (C) atom is
bonded to an oxygen (O) atom by a double bond and to a hydroxyl group (―OH) by a single
bond. A fourth bond links the carbon atom to a hydrogen (H) atom or to some other univalent
combining group. The carboxyl (COOH) group is so-named because of the carbonyl group
(C=O) and hydroxyl group (-OH). Carboxylic acids occur widely in nature. The fatty acids are
components of glycerides, which in turn are components of fat. Hydroxyl acids, such as lactic
acid (found in sour-milk products) and citric acid (found in citrus fruits), and many keto acids
are important metabolic products that exist in most living cells. Proteins are made up of amino
acids, which also contain carboxyl groups (21). They are also an important constituent of the
dental composites, pit and fissure sealant, cementing agents (22).

1,2,3,4 butane tetra carboxylic acid, acronymed as TCB, has a structure:
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(fig 1)

They are an integral component of dental resin matrix of Compomers (23).
In a study done by Singh et al, EDTA proved to be less efficient as a preconditioning agent, as
its efficiency depends on many factors: penetration depth of the material, hardness of the
dentin, duration of application, pH, form (liquid or gel), and concentration of material. Also,
being water soluble, it can get rinsed off the pretreated dentin and hence, the MMP inhibition
is not sustained for longer time. (20). Chlorhexidine, too has a limited action even though it
shows broad spectrum antimicrobial activity and anti-MMP properties. Because chlorhexidine
does not co-polymerize with methacrylate resin monomers, it has a tendency to leach out from
the polymerized resin network. Hence, adhesives incorporating chlorhexidine do not provide
long-lasting antimicrobial and anti-proteolytic effects (10).

1,2,3,4 butane tetracarboxylic acid, on the other hand, though, has been used in many
components, in dentistry; its use as a bond stabilizing agent has not been analyzed. So the
present study was aimed to test the potential ability of 1,2,3,4 butane tetracarboxylic acid, as a
pre-conditioning agent, to increase the resin-dentin bond stability.
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The materials used in the study were:
1. Single-rooted human teeth(Fig 2)
2. G-BOND self-etch adhesive (GC America) (Fig 3)
3. GC America light cure composite- SOLARE X (Fig 4)
4. 24% butane tetracarboxylic acid (Fig 5)
5. 2% Chlorhexidine (Fig 5)
6. Composite instrument kit (Fig 6)
7. Light cure LED light (Fig 7)
8. Diamond disc and mandrel (Fig 8)
9. Artificial saliva (Wet mouth) (Fig 9)
10. Containers for storage
11. Customized jig for micro tensile bond strength (Fig 10)
12. Universal testing machine (TES COL, India) (Fig 11)
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Sample Calculation:
The sample size was calculated to be a minimum of 54 samples, with a minimum power of
80%, based on a similar study, reported in the literature (20). To compensate for any damage
during sample preparation or testing, a total of 60 samples were prepared. The samples were
divided into 2 main groups:
I.

Group 1: to be tested immediately, within 24hours

II.

Group 2: to be tested after 1 month.

Each group was further, subdivided (n=15) into test (group 1A; 2A) and control (group 1B;
2B) group, with the control group being preconditioned with chlorhexidine and test group
preconditioned with butane tetracarboxylic acid.

Sample preparation:
Each tooth was sectioned using a diamond disc, with a minimum height of 1cm. Both, the
crown and root surface was included in the study.
Each sample was randomly allotted into the 4 groups and prepared accordingly. Each sample
was first preconditioned with the respective agent, for 30 seconds, followed by washing and
air drying. Then, the self-etch adhesive was applied, dried after 5 seconds and cured for 20
seconds. Composite was built up in 1mm thick increments, and cured for 40 seconds each. A
total of 1cm thick composite was built up in this manner. All the samples were stored in
artificial saliva at room temperature, in closed containers. Group 1 samples were tested after
24hours and Group 2, after a month.
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Sample Testing:
The samples were tested for the micro tensile bond strength using a universal testing machine
(TEC SOL, India). The samples were tested at a crosshead speed of 1mm/min. The tensile load,
at which the samples fractured, was noted, and the micro tensile strength was calculated
according to the area of the fractured surface.

Fig 2
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Fig 3:
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Fig 4:
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Fig 5:
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Fig 6:
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Fig 7:
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Fig 8:
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Fig 9:
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Fig 10:
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Fig11:
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Statistical analysis

To analyze the results, Mann-Whitney U test and Wilcoxon tests were performed.
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Bond stability, as measured by Micro-Tensile bond strength, at 24 hours, was slightly better
for Test group, (24% 1,2,3,4 butane tetracarboxylic acid) than the control group (2%
Chlorhexidine) (p = 0.31)
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Bond stability, after 1 month of storage in artificial saliva, was even better for the test group,
compared to the control group. However, it was not significant according to Mann-Whitney
U test (p=0.12)
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Within the groups also, there was no significant reduction in the Micro Tensile Bond Strength
between the immediate testing and testing after the 1 month storage (p=0.6)

Table 7:
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Bond degradation has been a challenge to adhesive restorative techniques. Historically, many
measures have been taken to prevent or control this and improve the stability of adhesive
restorations.
This has ramification in endodontics also, when adhesive sealers are used, as bond degradation
can give rise to microleakage and probable failure of endodontics.

Mcinnes-Leudox in an in vitro study, 1984 tested citric acid as a preconditioning agent and
found excellent dentin cleansing results with 1% aqueous citric acid as well as 1% citric acid
in 30% ethanol (17).

Huang et al, in 2004, found that after thermocycling, shear strength values of all treated
dentines decreased with increasing number of the cycles. When subjected to 3000
thermocycles, the mean bond strengths of these pre-treated samples to composite resin became
9.1 ±1.4, 7.8 ±1.8, and 8.1 ± 1.7 MPa for acid-etching, self-etching and laser-irradiation,
respectively, with a significant reduction of 38–50% (31).

Carrilho, in 2007 studied the microtensile bond strength and failure mode distribution under
SEM of the resin-dentin interface, treated with Chlorhexidine. He found that there was
significantly less failure in the hybrid layer with chlorhexidine, compared with controls after 6
months; suggesting that chlorhexidine might be useful for the preservation of dentin bond
strength (29). Similar results were found by Stanislawczuk, in 2009 when it was used as an
aqueous solution or acid (38). However, Soares in 2008, found that the use of chlorhexidine at
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concentrations of 0.12% and 2% before, after or during acid etching did not significantly affect
the microtensile bondstrength values of dentin (37).

In a study done in 2009, Russo et al, found that Tannic acid (10% and 20%) treatment inhibited
the effect of collagenase on dentin matrix degradation, as the TA-dentin matrix resulted in
improved bond strength. The ultimate bond strength and microtensile bond strength was
significantly higher in samples treated with 10% and 20% tannic acid, as compared to 1%
tannic acid and saline. (15)

Xianghong in his study, in 2012, found that sulfunic acid was effective in maintaining the
dentin-composite microtensile bond strength, even after NaOCl irrigation in bovine teeth (16).

Fang et al, in 2012 studied that the PA preconditioning improved resin–dentin bonds without
compromising on the curing behaviors of the tested adhesives (33). This was also confirmed in
another study, where PA biomodification of dentine, inhibited the proteolytic activity of
demineralized dentin matrix and stabilized the dentin-adhesive interface against enzymatic
degradation (34). This has been confirmed by Epasinghe in another study (28).

However, CHX treatment, for RMGIC restorations was found to reduce the shear bond strength
to dentin as it interferes with bonding mechanisms (29).

Mazzoni in 2013 found that the use of the EDC conditioner did not have any effect on the
immediate bond strength to dentin but was shown to preserve the bond strength after 1 year
(34).
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Scheffel also in 2014 stated through his study that preconditioning of the Dentin with crosslinking agents significantly reduces MMP activity and dentin-resin bond degradation. Mixing
0.5 M EDC and 35% HEMA did not alter the EDC inhibitory potential and EDC (84.8%), 5%
PA (87.6%), and 2% CHX (79.8%) were statistically same in their actions (36).

Shipra, 2015 found that pre conditioning of dentin with EDTA and EDC pretreatment
separately had no significant effect on the immediate as well as delayed bond strengths of the
self-adhesives used, G BOND and OptiBond. However, EDC pretreatment on already EDTA
conditioned dentin surface preserved resin-dentin bond strength of both adhesives greatly. (20).

Hass et al, in 2016 studied the effect of treatment using collagen cross-linking agents as primer
on resin– dentin bond interfaces subjected to cariogenic oral environment. After acid-etching,
primers containing one of the following treatment agents (6.5% PA, 0.1% riboflavin-UVA
activated light, 5% glutaraldehyde or distilled water as a control group) was applied. He found
that the PA and glutaraldehyde treatments produced stable interfaces (36).

Gou et al, in a recent study, 2018, found that incorporation of 5% QAMS ( ie quaternary
ammonium methacryloxy silane) in the dental adhesives gives good antimicrobial and antiproteolytic activities which help in the resin-dentin bond stability (35).

Carboxylic acids are important constituents of many biological components like the fatty acids,
which are components of glycerides, which in turn are components of fat. Lactic acid, citric
acid and many keto acids are important metabolic products, all contain carboxylic
52

Discussion

acid. Proteins are made up of amino acids, which also contain carboxyl groups (21). They are
also an important constituent of the dental composites, pit and fissure sealant, cementing
agents, EDTA etc.

Though, Chlorhexidine possesses broad spectrum antimicrobial activity and anti-MMP
properties, and has been incorporated into restorative materials, it leaches out from the
polymerized resin network because it does not co-polymerize with methacrylate resin
monomers. Hence, adhesives incorporating chlorhexidine do not provide long-lasting
antimicrobial and anti-proteolytic effects. So, it’s important to use better or equally good
alternatives without these disadvantages.

Pertaining to the various disadvantages of already used pre-conditioners and the possibility of
1, 2, 3, 4 butane tetracarboxylic acid as a preconditioner, in the present study, 1, 2, 3, 4 butane
tetracarboxylic acid was tested as a preconditioning agent to increase the bond strength, against
CHX. The results of this study showed that the tetracarboxylic acid was slightly better than
CHX in increasing the bond strength, but they were statistically not significant. Also, no
significant bond degradation was observed between the immediate and delayed tested samples.
These results are in conformation to the studies using citric acid and tannic acid (17, 15).
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Summary

Bond degradation has been a challenge to adhesive restorative techniques. Historically, many
measures have been taken to prevent or control this and improve the stability of adhesive
restorations. This has its effects in endodontics also, when adhesive sealers are used, as bond
degradation can give rise to microleakage and probable failure of endodontics. In this study,
the efficacy of 24% 1, 2, 3, 4 butane tetracarboxylic acid as a Dentin pre-conditioning agent
was assessed, as compared to 2% Chlorhexidine to increase the Resin-dentin bond strength. 60
tooth samples were prepared accordingly, preconditioned and bonded with a self-etch adhesive,
followed by composite build up. The resin-dentin interface, so formed was then tested for its
microtensile bond strength, under UTM. The results were then statistically analysed. The 1, 2,
3, 4 butane tetracarboxylic acid proved to be as effective as chlorhexidine, as a preconditioner
for dentin. So, it can be used as an alternative to Chlorhexidine.
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Conclusion

The exploration of organic acids as potential dentin-bond stabilizers, led to the use of 1,2,3,4
butane tetracarboxylic acid, a precursor in adhesives, butane tetracarboxylic methacrylate, as a
resin-dentin bond stabilizer. However, the study had certain limitations like longer term testing
of bond stability (1 year) was not done. Further, challenging the bonded interface with
proteolytic agents was also not adopted.
Within the limitations of this study, the 1, 2, 3, 4 butane tetracarboxylic acid proved to be as
effective as chlorhexidine, as a preconditioner for dentin. So, it can be used as an alternative to
CHX. Furthermore, future clinical studies are required to assess its effectiveness as a preconditioning agent in the long term and under the challenge of proteolytic agents.
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