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Theeffect of natural antioxidantson bondstrengthofcomposite resin to tooth structure
post internal bleaching
Pengaruh antioksidan alami terhadap kekuatan ikatan resin komposit dengan struktur gigi
pasca pemutihan internal
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ABSTRACT

Internal bleachingis anon-vital bleaching tooth methodperformed after endodontic treatment of discolored teeth, by the applica-
tion of strong oxidator agents in pulp chamber. Internal bleaching agents can have adverse effects, one of which is the reduced
bond strength of the composite resin with the tooth structure. There are various types of antioxidants thatcan improve bond
strength after internal bleaching procedures, generally synthetic antioxidant ingredients.Besidesthat, many antioxidants fromna-
tural plant extracts have been developed, such as greenteaextract, pine bark, rosemary, pomegranate peel and grape seed. The
objective ofthisarticle is to improve knowledgeaboutantioxidant materials thatcan be usedto increase thebond strength of
composite resin onthe tooth structureafter internal bleaching. The use ofbleaching agents has beenshown to reduce the bond
strength ofcomposite resinafter internal bleaching. Researchers have focus on plant extracts todevelop anon-toxic, biocompa-
tible and effective antioxidant protocol which can be safely applied to oxidized tooth structures. It is concluded that there are
various kindsof antioxidants materials fromnatural plantextracts which can be used in dentistry to increase the bond strength of
composite resin on the tooth structure after internal bleaching.
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ABSTRAK
Bleaching internal adalah metode pemutihan gigi nonvital yangdilakukan setelah perawatanendodontik padagigi yang menga-
lami diskolorasi, dengancaramengaplikasikan agen oksidator kuatdalamkamar pulpa. Agenbleaching internal dapat membe-
rikan efek yang merugikan, salah satunya adalah berkurangnya kekuatan ikatan resin komposit dengan struktur gigi. Terdapat
berbagai jenis antioksidan yang dapat meningkatkan kekuatan ikatan setelah prosedurbleaching internal, umumnya bahan ant
oksidan sintetik. Disamping itu, banyak antioksidan dari ekstrak tanaman alami yangtelahdikembangkan,seperti ekstrak teh hi-
jau, kulit pinus, rosemary, kulit delima danbijianggur. Tujuan dari artikel ini adalah untuk meningkatkan pengetahuan tentang
bahan antioks idan yang dapat digunakanuntuk meningkatkankekuatan ikatan resin komposit padastruktur gigi setelah bleach-
ing internal. Bahan bleach terbukti mengurangi kekuatanikatan resin komposit pasca bleaching internal. Ekstrak tanaman telah
dikembangkan untuk protokolantioksidan yang tidakberacun,biokompatibel, danefektif yang dapat diaplikasikan padastruktur
gigiyang teroksidasi. Disimpulkan bahwa terdapat berbagai bahan antioksidan dari ekstrak tumbuhan alami yang dapat di-
gunakan dalamkedokteran gigi untuk meningkatkan kekuatan ikatan resin komposit padastrukturgigi pasca bleaching internal.
Kata kunci:bleaching internal, kekuatan ikatan resin komposit, struktur gigi, antioksidan
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composite resin. The bond strength of composite resin

Inrecentdecades, people have become obsessed with
having an attractive smile, one of the main concerns s
having bright or white teeth. Internalbleaching is anon-
vital bleaching tooth method performedafter endodontic
treatment of discolored teeth, by applying of strong oxi-
dator agents in pulp chamber. Theright technique of 1B
can be a conservative treatment approach and safe for
treating discolored teeth. The causesoftooth discolora-
tion are varied andcomplex but areusually classified as
being either intrinsic, extrinsic or internalized in nature.
Stains in dentine or intrinsic discoloration oftenresults
from systemic or pulpal origin.*?

Hydrogen peroxide which is used as a bleaching
agentis astrong oxidizing agent. Thisagentis notonly
effective in brightening the color of teeth but can ako
provide side effects, suchas pulpal sensitivity, changes
in the tooth structure and reduced bond strength of the
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is very important to increasing mechanicaland physical
properties of the restoration so that won’t easilyrelease
Varioustheories have been proposed to explain the ad-
verse effect of bleaching on composite resin to tooth
structure.Bleaching with H,O, mayresult adversely de-
crease onthe microtensile bond strength (UTBS) of com-
posite to the enamelwhen bonding is performed imme-
diately after the bleaching process. Otherauthor specu-
lated that residual peroxide andoxygen radicalin bleach-
ed teeth interfere with the polymerization of adhesive
restorative material and decrease the bond strength.14

Many techniques have therefore been proposedto
overcome the decrease in the bond strength caused by
the bleaching of enamelsuch asremoval of the superfi-
cialenamellayer, pretreatment of bleached enamel with
alcohol, use of adhesives containing organic solvents,
a post-bleaching waiting period ranging from 24 hours
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to three weeks and use antioxidants. Antioxidants have
been proven in many studiestobe asafeand effective so-
lution toincrease the bond strengthdirectly after bleach-
ing. Naturalantioxidants, as well as synthetic phenolic
antioxidants caneffectively inhibit oxidation and have
beensuccessfully usedto increase the bond strength of
a composite resin to bleached enamel.

There are various kinds of antioxidants thatcanin-
crease bond strength after IB procedures. Commonly
usedare synthetic antioxidant materials, such assodium
bicarbonateand some vitamins like a-tocopherol (anac-
tive component of the vitamin E complex) and ascorbic
acidare neutral, biocompatible and potent antioxidants
that have the ability to reduce various oxidative com-
pounds after IB. Besides that, many antioxidants from
natural plants extract have been explored, such as green
tea extract, pine bark, rosemary, pomegranate peeland
grape seed.?

This literature review is aimed toimprove knowlkdge
about antioxidant materials that can be usedto increase
the bond strength of composite resin on the tooth struc-
ture after IB.

LITERATURE REVIEW
Inte rnal bleaching (I1B)

The IB is aminimally invasive, conservative, rela-
tively simple, effective, and low-cost method in treat-
ment of discolored endodontically treated teeth. There
are severalinternal tooth bleaching techniques, the most
common being the walking-bleach technique, first des-
cribed by Spasser,in 1961. Othertechniques include the
thermocatalytic technique and the inside-outside tech-
nique. The walking-bleach or conventional technique
consists of inserting the bleaching agents into the pulp
chamber, closing the access cavity witha temporary fik
ling, and the dentist refreshing the bleaching agents ona
weekly basis until a satisfactory color is achieved. The
thermocatalytic technique is similar to the conventional
technique. However, the thermocatalytic method uses
various heat forms in order to acceleratethe release of
reactive oxygenspecies. Currently this technique is not
advisable since heat can damage periodontaltissue and
lead toroot resorption. The inside-outside, or combined,
technique was proposedby Settembrini, and consists of
simultaneous internal and externalbleaching, with the
use of a custom-fitted tray. Inthis technique, the access
cavity remains open and the patient is responsible for re-
placing the bleaching agent daily.®

Agents of IB that is often used is H,O,, carbamide
peroxide and sodium perborate. However, H,O, bleach-
ing agents have the highest concentrationsthat can pro-
duce more radical peroxide, so the bleaching process
become faster. Generally, after the procedure internal
bleaching followed by composite resinrestorations to
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avoid recontamination bacteria.®

Mechanism of IB

Inthe bleaching process, the bleaching agentdiffuses
through the pores of the enamelto the dentinal tubules
anda complex oxidation-reduction process occurs bet-
weenbleaching agentand the tooth structure. Bleach-
ing agent (H,O,) is a strong oxidizing agentwhich de-
composes into water and oxygen for a short period to
form unstable free radicals, namely hydroxyl radicals,
perhydroxyl radicals, superoxide anion andnascentoxy-
gen. These freeradicals interactwith pigmentedorganic
molecules (chromophores)inenamelanddentintosta-
bilize them. This interaction will break the double bonds
of the chromophore molecules so that they become
smaller molecules through a diffusion process inthe or-
ganic matrix, dissolving the inorganic structure and the
protein matrix, causing a decrease in light absorption,
changing the color of theteeth to be brighter. The H,0,
oxidizes the pigment inteeth. Yellow pigment (xantho-
pterin) is oxidized to white pigment (leucopteris).2®

Effect of bleaching agent on composite restoration

The oxidation reaction of the bleaching agent, is pe-
roxide, producesgaseous bubbles underthe enamelsur-
face (alayer thatcontains a lot of oxygen). This layer in-
hibits polymerization and preventsadequate infiltration
of the bonding agent into the tooth structure, thereby af-
fecting bond strength betweenthe enameland the com-
posite resinand increasing marginal microleakage. Oxy-
genand freeradicals build the main mechanism of action
onthe toothbleaching doneby penetrating through the po-
rosity of the prism email to dentin leaving residual pe-
roxide component. Peroxide is disturbing resin polymer-
ization resulting in the increase of microleakagecoronal
and decrease the sealing ability of composite resin resto-
rations.®® It was reported that the decreasesin bond
strengthwasrelatedtothe presence of residual oxygen
in the interprismatic space, which prevented adequate
infiltration of the adhesive and its polymerization. It
therefore recommended to delay the restoration proce-
dure until 3 weeks to completely remove residual pe-
roxide.*However, to speedup restoration of composite
resinonteeth after 1B, antioxidant application is recom-
mended.

DISCUSSION

Antioxidants are compounds that can neutralize free
radicals by donating their electrons. Upon application of
the antioxidants, residual oxygen andthe free radicak
trapped within oxidized tooth structures are removed
and consequently, the compromised bonding of the re-
sin-based restorative materials totooth structuresis im-
proved. Immediate post-bleaching application of the an-
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tioxidants can facilitate the resin composite restorative
proceduresto be completed inthe same sessionandre-
duce the need for another dental visit. Reactive oxygen
species (ROS) isatermthatincludes all reactive, oxy-
gen-containing molecules, including free radicals. Types
of ROS include hydroxylradicals, superoxide anion ra-
dicals, nitric oxide radicals, H,O, andsinglet oxygen.
Free radicals are controlled naturally by various com-
pounds known as antioxidants. Free radicals are elect-
rically charged molecules unpaired electrons, so they
seek and capture electrons from other substancestoneu-
tralize themselves.®1011

Antioxidant agents

Applications of antioxidant agentsaims to reduce the
waiting time between bleaching and restoration proce-
dures to the disappearance of reactive oxygen species
onthe surface ofthe tooth. Antioxidant agents are effec-
tive in increasing the shear bond strength and surface
tension of the composite resin restorations after bleach-
ing because theyaimto eliminate free radicals.® Com-
monly used are synthetic antioxidant agents,either type
enzyme or non-enzyme has beenknownto include: so-
dium ascorbate orascorbic acid (vitamin C), a-tocophe-
rol (an active component of the vitamin E complex),
sodium bicarbonate, superoxidasedismutase (SOD), gu-
tathione peroxidaseand catalase.Butonly fewwerefound
to be effective. Recently, researchershave focusedon
plant extracts to develop anon-toxic, biocompatible, and
effective antioxidant protocolthat canbe safely applied
tooxidized tooth structures. Antioxidants from natural
plant extractshave beendeveloped, suchasgreenteaex-
tract, pine bark, rosemary, pomegranate peeland grape
seed.®1!
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Figure 1 Oxidative mechanismofascorbic acid representing
its antioxidant properties (Source: Park JY, Kwon TY, Kim
YK. Effective application duration of sodiumascorbate anti-
oxidant in reducing microleakage of bonded composite resto-
ration in intracoronally-bleached teeth. Restor Dent Endodont
2013; 43-7).

Sodium ascorbate/ascorbic acid (vitamin C)
Sodium ascorbate is the sodium salt of ascorbic acid
and commonly used as afood additive. Itis produced by
the reaction of an equalamount of ascorbic acid and so-
dium bicarbonate using isopropanol. The double carbon
bond of ascorbic acid or sodium ascorbate is capable of
reducing peroxide residues by donating hydrogen and
electrons tothe oxidant. Ithasbeenreported that the ap-
plication of sodium ascorbateantioxidantinto the access
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cavity allows immediate composite restoration after non-
vitalbleaching throughits ability to remove oxygen radr
cals (Fig.1).12

Antioxidant agentsodiumascorbate canremowve pe-
roxide residue fromteeth structure thenincreasing the
bond strength betweencomposite resinrestorationand
tooth structure post IB. Concentration of 10% sodium
ascorbate has apH of +7 and is non-toxic andthus very
suitable for use on tooth structure. Sodiumascorbate i
a neutral, nontoxic, and biocompatible antioxidant that
when used as a 10% solution can reverse the reduced
bond strength of bleached enamel.®

Green teaextract

Greentea is made fromthe Camellia sinensis plant.
Itcontains is a rich source of flavonoids and catechins,
suchas epigallocatechin gallate, epigallocatechin, epica-
techin gallate, epicatechin. The strong antioxidant acti-
vity of greentea has beenassociated with its high con-
tentof catechin and flavanol, which can neutralize free
radicals by donating hydrogen from hydroxyl groups in
their structure (Table 1). Green tea catechins haveshown
to possess the potent antioxidant activity that is several
times higher than that of vitamins C and E. Inrecent
years, the use of 10% green tea has been studied as an
antioxidant materialafter dentalbleaching. Additional-
ly, greenteais a natural product, cheapand with anex-
tended shelf life which could be an option for use after
IB procedure. 1!

Pine bark extract

Pine bark extractcontain oligomeric-proanthocyani-
dins thatareaclass of polyphenolic bioflavonoids found
in fruits and vegetableswhich have free radical scaven-
ging and antioxidant activity. They also have antibacte-
rial, antiviral, anti-inflammatory, antiallergic, anticarci-
nogenic, and vasodilatory actions. Some invitro studies
observedthat 10% pine bark extract wasuseful revers-
ing the effect of free radicals on bleached enamel.*

Rosemary extract

Rosmarinic acid, whichis a phenolic compound iso-
lated from rosemary, was found to be more effective in
improving bonding to dentin compared tosodium ascor-
bate protocol. Nine differentphenolic compounds with
antioxidant activity; carnosol,carnosicacid, rosmanol,
rosmadial, epirosmanol, isorosmanol, rosmarinidiphe-
nol,rosmariquinone, and rosmarinic acid, were isolated
fromrosemary extracts. Richheimer etal, reported that
amongallphenolic components of rosemary, carnosic
acid had the greatest antioxidant potency, which was
three times greaterthan camosoland seven times great-
er than the synthetic antioxidants.!!

Pomegranate (Punica granatum L.) extract
One of the fruits that is usedas anantioxidant is po-
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Table 1 Some free radicals and their antioxidants.10
Free Radicals Antioxidants

Hydroxyl  Wit.C, glutathione, flavonoids, lipoic acid
Superoxide Vitamin C, glutathione, flavonoids
Hydrogen Vit.C, glutathione, beta carotene, vit.E,

peroxide flavonoids, lipoic acid

Beta carotene, vit.E, ubiquinone,

Lipid peroxide flavonoids, glutathione peroxidase

megranate because it has active alkaloid compounds,
flavonoids, saponins,tannins andtriterpenoids. Pome-
granate peelextract has beenshownto be effective re-

seed extract contain oligomeric proanthocyanidin com
plexes(OPCs)thathave freeradical scavenging ability,
which is shown to be 50 times more potent than sodium
ascorbate and 20 times greater than those of vitamin E.
Proanthocyanidinsarehigh molecular weight polymers
that comprise the monomeric flavanol, catechinand epi
catechin. Proanthocyanidinsare found in high concen-
trations in natural sources such as grape seed extract,
pine bark extract, cranberries, lemontree bark,and ha-
zelnut tree leaves.

As a naturally occurring plant metabolite, it has been

moving free radicalsandreducing oxidative stress by do-
nating hydrogenatomstopreventchain reactions of con
verting superoxide to hydrogen superoxide. The high an-
tioxidant activity of pomegranateextractis relatedto the
tannin compounds potencycontained. Previous studies
by Mukka etaland Sharafeddin & Farshad have shown
that the shear bond strength of composite resins increa-
sedafter5%and 10% of pomegranate peelextract was
applied.®
Grape seed extract (Proanthocyanidin)

Other naturally occurring antioxidants such asgrape

proven to be safe as an antioxidant in various clinical
applications and dietary supplements.*3

Itis concluded that antioxidant agents applied after
the bleaching procedure can bind free radicals fromthe
effectof the bleaching procedure tominimize the occur-
rence ofa bubble appearance, whichcanresultinade-
crease inthe strength ofthe composite resinonteethaf-
ter IB procedure. Thereare various kinds of antioxidants
materials from natural plant extractswhich canbe used
in dentistry toincrease the bond strength of composite
resin on the tooth structure after IB.
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