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The aim to determine the collagenolytic activity following bleaching in non- vital teeth and methods
employed to counteract it using FT-Raman spectroscopy. 25 extracted non- carious human third
molars were obtained. The teeth were stored in thymol solution at 4°C and used within 1 week after
extraction. Dentin disks were obtained from the mid-coronal portion of each tooth, 50 dentin beams
were obtained. They were divided into five groups (n=10) and subjected to the following treatment
Group A: Untreated dentin. Group B: Dentin disks bleached in 35% hydrogen peroxide.Group
C:10% sodium ascorbate was applied on bleached dentin disks. Group D:0.2% chlorhexidine
digluconate was applied on bleached dentin disks. Group E:10% sodium ascorbate followed by 0.2
chlorhexidine digluconate was applied on bleached dentin disks. The collagenolytic changes were
observed using Raman transform infrared spectroscopy. Concluded that use an antioxidant & a
MMP inhibitor to preserve the structural integrity of the collagen following bleaching.

Copyright © Ismail.,, Muthalagu and Hemalatha, 2018, this is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided
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INTRODUCTION

Bleaching is one of the most documented clinical techniques in
dentistry and performed for over a century. The current trend
toward cosmetic dentistry and the growing demands of the
patients for beautiful white teeth, the bleaching of nonvital
teeth has become increasingly important in recent years.

Extrinsic discolouration occurs when some agent literally stains
or damages the enamel surfaces of the teeth. They are found on
the outer surface of teeth and are usually of local origin which
can be removed by oral prophylaxis. Cigarettes, cigars and
pipes will produce a yellowish brown to black discolouration,
usually in the cervical portion of the teeth and primarily on the
lingual surfaces. Chewing tobacco frequently penetrate the
enamel producing a deeper stain. Coffee and tea cause severe
tenacious discolorations, usually brown to black stain.

Intrinsic discolouration, are stains within the enamel and dentin
caused by the deposition or incorporation of substances within
these structures, such as Tetracycline stains, Dentinogenesis
imperfecta, Fluorosis byproducts released into the dentinal
tubules during illness (e.g., bilirubin involved with jaundice),
Trauma (primarily the breakdown of haemoglobin), or
pigmentation escaped from the medicaments and materials
used in restorative dentistry.

In the middle of the 19th century, first attempt was made to
lighten discolored teeth using various agents. Initially, oxalic
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acid was used, until the bleaching action of hydrogen peroxide
was discovered in 1884 (Goldstein 1997). Bleaching of
nonvital teeth was first mentioned by Garretson in 1895, who
used chlorine as the bleaching agent (Fasanaro 1992).
However, it wasn’t until 1951 that hydrogen peroxide was used
to bleach nonvital teeth (Pearson 1951). The bleaching of
nonvital teeth is a minimally invasive procedure which when
performed correctly, bears only slight risks.

The three most popular techniques for nonvital tooth bleaching
are the walking bleach technique, inside/outside bleaching, and
in-office bleaching. =~ The walking bleach technique is a
relatively reliable, fairly simple technique for dentists and
patients. Inside/outside bleaching can be used additionally
when internal and external bleaching must be combined. In-
office bleaching seems to be a short-term solution, the effects
of which can largely be attributed to dehydration of the teeth.
In Thermocatalytic technique, insufficient cervical sealing, and
high concentrations of bleaching agents should be avoided, as
this can increase the risk of cervical root resorption. Patients
should be informed about the low predictability of bleaching
success and the risk of recurrent discoloration.

Hydrogen peroxide, in various concentrations, is the primary
material currently used in the bleaching process. The
mechanism of action of H202 in tooth bleaching is considered
to be oxidation, although the process is not well understood. It
is advocated that the oxidizers remove some unattached organic
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matter from the tooth without dissolving the enamel matrix but
also may change the discolored portion to a colorless state.

Two of the key factors in determining the overall tooth
whitening efficacy of peroxide-containing bleaching agents are
the concentration of the peroxide and duration and number of
times of application. Dentin matrix metalloproteinases (MMPs)
-2, -8, -9, and -20 are structural endopeptidases that contribute
to dentin matrix organization and mineralization.C-terminal
telopeptide of type I collagen(ICTP) is the carboxyterminal
telopeptide of type I collagen that is joined via trivalent cross-
links and liberated during collagen degradation. The
telopeptide is only produced through the action of MMPs, and
it is considered an index of MMP-driven collagenolysis and an
augmented collagenolytic activity of MMPs causes an
increased production of reactive oxygen species. So we aimed
to ascertain the effect of hydrogen peroxide bleaching agent on
MMP-mediated dentin collagen degradation.

It was observed that the use of anti-oxidant agents before the
bonding process can reverse the compromised bonding to
bleached enamel. Thus, the restorative procedures could be
performed immediately after the bleaching procedures, thereby
reducing the total time of the complete esthetic treatment. The
ascorbic acid is a reducing agent capable to donate two high-
energy electrons to scavenge the free radicals. The application
of 10% sodium ascorbate was effective to reverse the
compromised bonding to oxidized dentin and enamel. The use
of the sodium ascorbate, instead of the ascorbic acid, is
recommended to avoid the potential double-etching effect of
this mild acid on etched teeth.

Chlorhexidine has been widely used as an antimicrobial agent,
including for disinfection before the placement of restorations.
The most plausible explanation by Gendron et al.,(1999) is that
chlorhexidine causes inhibition of dentin matrix-bound MMPs
resulting in decreased degradation of collagen fibrils resulting
in decreased degradation of hybrid layer and sub-hybrid layer
collagen fibrils..Optimal concentration and time of application
of chlorhexidine are mandatory for MMPs inhibition that
would result in the best time-related preservation of the dentin-
adhesive interface.

Hence the aim of this in- vitro study was to determine the
collagenolytic activity following bleaching in non- vital teeth
and methods employed to counteract it using FT-Raman
spectroscopy.

MATERIALS AND METHODS

Twenty five extracted non- carious human third molars were
obtained with informed consent from different donors under a
protocol approved by the institution review board. The teeth
were stored in 0.1% (w/v) thymol solution at 4°C and used
within 1 week after extraction. Dentin disks (0.75- 0.08 mm
thick) were obtained from the mid-coronal portion of each
tooth by using a slow-speed diamond saw (IsoMet; Buehler
Ltd, Lake Bluff, IL) under water cooling. Two dentin beams
were obtained from each dentin disk as previously described by
Osorio et al . A total of 50 dentin beams were obtained.

They were divided into five groups (n=10) and subjected to the
following treatment

Group A: Untreated dentin.
Group B: Dentin disks bleached in 35% hydrogen peroxide.

Group C: 10% sodium ascorbate was applied on bleached
dentin disks.

Group D: 0.2% chlorhexidinedigluconate was applied on
bleached dentin disks.

Group E: 10% sodium ascorbate followed by 0.2
chlorhexidinedigluconate was applied on bleached dentin disks.

The collagenolytic changes in the dentin specimens were
observed using Raman transform infrared spectroscopy.

RESULTS

Collagenolytic activity was maximum in group B followed by
group E,C & D respectively.

GROUPB

Table 1 Collagenolytic activity of Group A,B,C,D,E by using FT-Raman
spectroscopy

DISCUSSION

Tooth discoloration varies in etiology, appearance, localization,
severity, and adherence to tooth structure. It may be classified
as intrinsic, extrinsic, and a combination of both (Hattabet al.,
1999). Intrinsic discoloration is caused by incorporation of
chromatogenic material into dentin and enamel during
odontogenesis or after eruption. Exposure to high levels of
fluoride, tetracycline administration, inherited developmental
disorders, and trauma to the developing tooth may result in pre-
eruptive discoloration. After eruption of the tooth, aging, pulp
necrosis, and iatrogenesis are the main causes of intrinsic
discoloration. Coffee, tea, red wine, carrots, oranges, and
tobacco give rise to extrinsic stain (Hattaber al., 1999; Watts
and Addy, 2001).

Intracoronal bleaching is a conservative alternative to the more
invasive esthetic treatment of non-vital discolored teeth.Careful
examination is necessary, since the method requires healthy
periodontal tissues and a root canal that is properly obturated to
prevent the bleaching agent from reaching the periapical tissues
(Baratieriet al., 1995).

Contemporary tooth whitening processes involve the use of
either hydrogen peroxide or carbamide peroxide.
Discolorations arise due to the formation of chemically stable,
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chromogenic products. Pigments consist of long-chain organic
molecules. In bleaching, these compounds are oxidized: they
are split into smaller molecules which are usually lighter.
During bleaching, the long-chain organic molecules are
transformed into carbon and water, and-together with nascent
oxygen-are released.

FTIR analysis revealed that H202 treatment induces the loss of
both carbonate and proteins from enamel and dentin.
Substitutions in the hydroxyapatite mineral crystal by
carbonate increase mineral solubility at low pH (Taube et al.,
2010). Indeed, the loss of carbonate in enamel and dentin
relates to the acidity of 35% H202, whereas changes in enamel
and dentin organic content relate to protein loss, especially
collagen in dentin, by the strong oxidizing ability of peroxide.

Acidity of bleaching agents can trigger the autocatalytic acti-
vation of MMPs and stabilization of cysteine proteases present
in the dentin-pulp complex as suggested by Tersariol et al.,
2010 and Nascimento ef al., 2011. It was Buck et al., in 1992
who stated that Cathepsin B is also able to degrade purified
extracellular-matrix proteins under both acidic and neutral pH.
Also, cysteine cathepsins are able to activate MMPs. Analysis
of our data strongly suggests that both classes of proteolytic
enzymes, cysteine cathepsins and MMP, are activated in miner-
alized dentin during degradation during tooth-whitening treat-
ment with 35% H202.

Many studies consider a 10% sodium ascorbate (SA) solution
to be an effective choice to improve dentin bonding agent and
defend the use of SA as the most efficient agent for
neutralizing the oxidizing effects of bleaching agents. Its use
may also increase the strength of dentin bond. The antioxidant
type, concentration, form, and duration of application have
been considered important factors for improving bonding after
bleaching treatment.

The decrease in bond strength and reduction of the adhesive
system interaction in bleached teeth have attributed to the
presence of residual oxygen. This highly reactive chemical
element eliminates pigmentation but also reacts with the free
radicals of resin materials which inhibits polymerization and
generate polymers with reduced mechanical properties.

Histochemical studies have shown reduced levels of sulfur.
Sulfur is a component of proteoglycans (chondroitin sulfate and
keratin sulfate), and changes in their levels indicate damage to
the organic dentin matrix. These changes in proteoglycans
might interfere in the maintenance of interfibrillar spaces,
which may have compromised diffusion of the adhesive into
the collagen network, potentially reducing the bond strength.

Despite reports that the use of bleaching agents at low con-
centrations has been considered absolutely safe, analysis of our
data shows that the use of 35% H202 as a bleaching agent pro-
vokes biological responses of dental tissues that can be clini-
cally adverse in the long term and/or after recurring bleaching
treatments. In contrast, Goo et al._(2004) demonstrated that
mineral loss caused by dental bleaching was not a threat to
teeth. In addition, Lee ef al. (2006) showed that the amount of
calcium lost from teeth after 12 h of bleaching treatment was
similar to that lost from teeth exposed to a soft drink or juice
for a few minutes.

The application of an antioxidant or MMP inhibitor would not
be efficient in preventing collagen degradation. In this study,
the application of an antioxidant followed by a MMP inhibitor
on bleached dentin disks showed the least collagen
degradation, indicating the stability of collagen.

CONCLUSION

Within the limitations of this study, it is mandatory to use an
antioxidant & a MMP inhibitor to preserve the structural
integrity of the collagen following bleaching. Further studies
are required to determine the effects of 10% sodium ascorbate
& 0.2% CHX in the polymerization process of adhesive
material following bleaching.
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