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“Effect of Three Vitamin Antioxidants on Reversal of Shear
Bond Strength of Bleached Enamel: An In-Vitro Study”

Abstract:

Aims and objectives: To evaluate the effect of Sodium ascorbate, Alpha-tocoferol and Beta-carotene vitamins antioxidant on reversing the bond

strength between resin composite and bleached enamel surface.

Materials and methods: The study focussed on use of three vitamin antioxidants. All the groups in the study were subjected to bleaching containing
35% Hydrogen peroxide. Resin restoration were done after 1 week and immediately after bleaching without any antioxidant in Group 1 and 2 respectively.
While in Group 3, 4 and 5, following bleaching treatment, samples were exposed to Beta-carotene gel, Sodium Ascorbate solution and Alpha-tocoferol gel
respectively for 10 minutes, before resin restoration was done. Specimens were then subjected to Universal Testing Machine. The results were statistically
analysed using ANOVAtest and Tukey Honest Significant Difference (HSD) test, to comparatively analyse statistical differences between the groups.

Results: The mean shear bond strength values of Group 4 (Sodium Ascorbate solution) showed significantly high bond strengths than Groups 3 (Beta-

carotene gel) and 5 (Alpha-tocoferol gel).

Conclusion: Treatment of bleached enamel with Sodium ascorbate and Alpha tocoferol antioxidants has significantly improved the shear bond strength

of composite resin to enamel.
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Introduction:

Esthetics is In importInt dimension in dentll prictice Ond is
rellted to individulls' preferences, culture, socio demogril phic
flctors Ond perceived dentll treltments.[1] Tooth
discolorltion mly hlve 0 significint esthetic Ond socill
implct. In the current erll of Desthetic dentistry, blel ching is
relldily considered for the trelltment of discoloured teeth.[2] It
is [ trel tment modDlity which involves 0n oxidltive chemicll
thit D1ters the lightlbsorbing 0nd/or lightIreflecting nd ture of
0 miterill structure, thereby increllsing its perception of

whiteness[3].

The use of hydrogen peroxide or peroxide relelsing [ gents,
such 0s cIrbImide peroxide or sodium perborflte, hl's become
0 popullr treltment modility[3]. Oxygen, 0 brelk down
product of hydrogen peroxide, cluses reduction in bond
strength O fter blel ching ['s this residulll oxygen interferes with

resin infiltrition into the dentindl tubules Ond inhibits resin
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polymerizdtion4.Dellying the composite restorlltions for 103
weeks wls recommended to overcome this problem.
However, this wiliting period mlikes it impossible to perform
restorlltive procedures immediltely Ofter the blelching.
Severlll methods hlve been proposed to reverse the

compromised bond strength 0 fter blel ching, suchls:

. Removll of superficill Il yer of enlmel5

. Trel tment with 0lcohol before the restorlltion6
. Use of 0dhesives contllining orgllnic solvents7
. Applicltion of IntioxidInt0 gents7
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Applicition of On Ontioxidint is commonly used Os these
Ogents restore the Oltered redox potentill of the blelched
surflice Ond reverse the compromised bonding. They Ore
recommended prior to bonding which 01lows the clinicilln to

immediltely clrry out the bonding procedure.[4,8,9]

The purpose of the study wil's to investiglte the OIntioxidlnt
effect of three vitlmin Ontioxidint i.e., Sodium Oscorblte
(SA), Alphl tocoferol 01nd BetlOcOrotene on reversil of bond
strength of composite resin on blelched enlmel surflce.
Literlture do not hive much ditl on using vitlmin
Ontioxidlnts, especillly Betl clrotene (Vitlmin A) for the
reversll of bond strength. It provides newer Ovenues for

Odvinced clinicll reselrch.

Material and Methods:

Hundred humln singlelrooted mixilllry centrll incisors Ind
premollrs, freshly extrlcted due to periodontll Ond
orthodontic rellsons (free of clries, crick Ind frllctures) were
collected. They were clel ned with ultilsonic scll ler I nd stored

in distill wl ter until us0 ge.

The crowns of the teeth were sepltlited 0t the cementoenl mel
junction using 0 dilmond disk. A totll of 100 enlmel slIbs
(melsuring 5 mm X 4 mm x 2 mm) were obtlined, only the
buccll surfllces were used. The simples were embedded inIn
Ocrylic resin block, keeping only the enlmel surfllce exposed.
Then, the slmples were rindomly divided into five

experimentll] groups (n=20).

35% of Hydrogen peroxide (SDI Poll Office One Pltient
Blel ching Kit) wi s pplied to enlmel surfll ce in011 the groups
Occording to minufll cturer instructions 0nd light (Blue LED)
Octivited for 10 minutes. During the intervening period [ fter
rinsing the blel ching 0 gent under running wi'ter for 1 minute,
specimens were kept in distilled witer 0t room temper ture
(37°0).

For the sOmples from Groupl (control group) following
blelching, etching, bonding Ind curing with resin composite
(Filtek Z250XT, 3M/ESPE) were performed Ofter 1 week,
without[ntioxiddnt0 pplicl tion.

For Group 20 After blelching, etching, bonding Ind curing
with resin composite restorlition wls done immediltely,

without[ntioxiddnt0 pplicD tion.

For Group 30 After blel ching, specimens were exposed to 2 to
3 I0yers of BetlOclrotene gel (Aquisol A, USV PvtLtd, Indill:
Vitlmin A) Os On OntioxidOnt Dgent for 10 minutes with the
help of microbrush. Resin composite restorltion wils done

immedil tely 0 fter DntioxidD nt0 pplicl tion.

For Group 40 After blel ching, specimens were exposed to 2 to
3 I0yers of 10 % Sodium Oscorblte (SA) solution Os On
Ontioxidlnt0gent for 10 minutes with the help of microbrush.
Resin composite restorlition wils done immediltely 0Ofter
Ontioxidlnt0pplicdtion.

SA solution wil's preplred D ccording to 0 study done Kvithl
et 0110, by tiking 2 SA tiblets (Limcee 400, Abbott
HellthcOre Pvt Ltd, US 0500mg el ch), finely powdered with
the help of mortlr pestle Ind then dissolved in 100 ml of
distilled witerin0 stind0rd fl0sk.

Group 50 After blelching, the enlmel specimens were
exposed to 2 to 3 10yers of AlphlQtocoferol gel (Evion 400,
Merck Ltd, Indil: Vitlmin E) for 10min with the help of
microbrush. Resin composite (Filtek Z250XT, 3M/ESPE)
restorltion wls done immediltely Ofter OntioxidInt
OpplicOtion.

Customized myllr strips (RitelDent, IndilOtrfinsplrent
polyester film) mold wis preplred with 4 mm intern0]
dilmeter 0nd pllced on the preplred buccll surflces in 1l the
specimens with the help of double side [ dhesive sticker to get
0 stindlrdized bonding surfllce of 4 mm dil meter on enlmel
before bonding procedure. Resin composite (Filtek Z250XT,
3M/ESPE) buildlup of 4 mm dil meter 1nd 2 mm height were
done in[1l the groups (Figure 1)0s follows.

Figurel: Composite restored on the slmple.
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Etching of the preplred specimens wls done with 34%
phosphoric Ocid (Any Com, Anylletch 37% phosphoric Ocid
etchint plck) for 15 s, rinsed for 30 s, Ind then blotted with
blotting plper. Metl P & Bond (MetlIBioMed CO., LTD.,
Colmilr, PA) resin Odhesive wils Dpplied in [ thin lyer over
the etched enllmel using microbrush Ond cured. The light
cured composite resin (3M Filtek Z250XT Composite
Syringe) wils plcked into the opening of the customized
myl0r strip sheet mold of dimension 4 mm in dil meter 0nd 2
mm in height using 0 Teflonlcolted instrument Ond light

cured for40s.

Following curing, the mold wlls removed Ond Odditiond]
curing wil's done for 40 s from opposite sides. This ensures
complete resin polymerizOtion Olong with homogeneous
stress distribution to the tooth resin bonding interfllce when
performing the shellr test. The specimens were then stored in
distilled witer0t37°C for 24 h prior to testing.

The slmples were subjected to shellr bond shellr bond strength
(SBS) evllultion using Universl] Testing MO chine. A knife
edge shelring rod Ind 0 crosshelld speed of 0.5 mm per min
were used. The lo0d 0t flilure wil's recorded by the softwlre.
The shellr bond strength of the simples wis cllcullted Ond
expressed in Megll plscllls (MPD).

StOtisticOl On0lysis for the cllcullted melns Ond stindird
deviltion of the ISBS vl lues of the five groups wll s done using
SPSS version 26 (IBM, Corp, USA). Inter group complrison
(>2 groups) wis done using one wily ANOVA followed by
plir wise complrison using post hoc test. For[1l the st tisticO1
tests, p<0.05 wls stltisticllly significlnt, keeping [ error Ot
5% Ond [ error 0t 20%, thus giving 0 power to the study [Os
80%.

Results:

Among the five groups complred, Group 1 (control group)
showed the highest bond strength vilue (71.25 MPD),
followed by Group 4 (Sodium Ascorblte) (69.05 MPD),
Group 5 (Alphl Tocoferol) (66.55MPI), Group 3 (Betl
Clrotene) (58.00MPl) Ind Group 2, without 0ny Intioxidlnt
(42.60 MP0)0s showninTOble 10nd [2].

ToOble 1: Inter group complrison of bond strength vl lue (n=20
per group).

95%
Confidence
Interval for
Mean
Group(N [Mean (Std. Std. |Lower |Upper |Mini Maximum|F p value
Deviation|Error |Bound |Bound value |of one
way
ANOVA
1 20 |71.25 [11.383 2.545165.92 |76.58 |50 90
2 20 [42.60 |8.133 1.819 [38.79 |46.41 |30 60
3 20 [58.00 (56.48 1.263 |55.36 |60.64 |50 68 44.776 |.000**
4 20 [69.05 |6.337 1.417 166.08 |72.02 |60 80
5 20 |66.55 |4.536 1.014 [59.43 (63.67 |55 70

ToOble 2: Inter group plir wise complrison of bond strength

vl lue (n=20 per group) using Post Hoc Tests.

95% Confidence
Interval
= s .
= = Mean Std. Sig. Lower Upper
2 2 Difference Error Bound Bound
B bl
<] <] I-J)
1 2 28.650° 2.401 .000** 21.97 3533
1 3 13.250" 2.401 .000%* 6.57 19.93
1 4 2.200 2.401 .890# -4.48 8.88
1 5 4700 2.401 .001%* 3.02 16.38
2 3 -15.400° 2.401 .000%* -22.08 -8.72
2 4 -26.450" 2.401 .000%* -33.13 -19.77
2 5 -23.950° 2.401 .000%* -25.63 -12.27
3 4 -11.050" 2.401 .000%* -17.73 -4.37
3 5 -8.500 2.401 5794 -10.23 3.13
4 5 2.500° 2401 .020% 82 14.18
Discussion:

Despite the l0rge number of techniques described in the
literl ture concerning the externi1 blel ching of vitl] teeth, 011
Ore bl sed on the direct use of hydrogen peroxide (H202) or its

precursor, clrbl mide peroxide.[12]

Todly, most dentists use hydrogen peroxide Ind clrblmide
peroxide gels between 10040%, chemicllly Octivited by
different light sources, such ['s hllogen light, 10 ser or plismi
Orc for blelching procedures.[13] The most common
concentrltion of hydrogen peroxide used for blelching
purpose is 35% 12 0nd for clrblmide peroxide itis 3% to 20%
which gets decomposed into hydrogen peroxide (10%
cOrbl mide peroxide produces 3.6% hydrogen peroxide).
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A significInt decrellse in bond strength of composite resins
with tooth surflce hil's been reported immediltely Ofter the
blel ching trel tment. Hydrogen peroxide is 0 n oxidizing [ gent
thlt cln produce free fidiclls (H20+02), which Ore very
rellctive. The result is the perhydroxyl (HO2) is the most
potent free fldicll. The interliction between Odhesive Ond
residulll oxygen O ffects polymerizitionOnd results in0 plttern
of chiinges in the interfllce of bonding miterill to enlmel. It
01so significOntly decrel ses the micro hlrdness of the tooth,0s
stlted inin vitro study by FernIndes et01in 2019.[14]

Literll ture demonstttes thlt composite resin 0 pplicltion onto
blelched enlmel surflces should be dellyed [t leIst 24 hr 01
week to restore their reduced shellr bond strength 15.
Clinicl1ly, however, there ['re situl tions tht require 0 dhesive
restor{l tions 0t the sl me 0 ppointment. To overcome this dellly,
OpplicOtion of Ontioxiddnts cIn be implemented. A study by
Koyl et 01[16] in 2008 stlted thOt the OpplicOtion of On
Ontioxidlnt Ofter blelching treltment improves the Ddhesive
bond strength of blel ched enll mel. VOrious Ontioxiddnts were
used in previous studies[4,17,10] such 0's Sodium Ascorblte,
Superoxide dismutlse, Butylhydroxilnisole, COtll0se,
Ethlnol, Acetone, Glutlthione peroxide, Alphlltocopherol,
Sodium biclrbonlte, Grllpe seed extrlct, Aloe Verl Ond
Green tel extdlct, when Opplied Ofter blelching, cln
significintly increllse the reduced bond strength Ofter

blel ching procedure.

Betl clOrotene (Vitlmin A) comes under clrotenoids
Ontioxidint group (Imong 700 Crts, thlt Ore described so
fir).18 As wils communicl ted for the first time by Pllozz0 0nd
Krinsky[19], O0cOrotene Ond OOtocopherol cOn [Oct
synergisticllly s On effective “rildicD 10t pping OntioxidInt”
in biologicll membrines. It is On Ontioxidint which his
limited studies reglrding the reversl of bond strength. Hence

it wil's one of the vitl min 0 ntioxidl nts used in this study.

Vitlmin E (01phD tocoferol) is generlllly considered the most
importInt0nd effective lipid soluble I ntioxiddnt, mlintlining
cell membrlne integrity from lipid Ond decrellsing woundl
hellling time.4 10% 01phi0tocopherol hi's shown high efficlcy
in SBS revers01 of enl mel 0nd dentin submitted to homeluse
blel ching trell tment[20].

Sodium Ascorblte (Vitlmin C) is 0 costleffective wilter
soluble Ond commonly 0OvOillble Ontioxidint mOteridl.
Virious studies[4,6,12] stlte thit it relestlblishes the Oltered
redox potentill of the oxidized bonding substilte Ond
prevents the premlture terminltion Ollowing free rdicOl

polymerizl tion of monomers of 0 dhesive resin.[21]

In the present study, vithmin Ontioxidlnts (used in Group 3, 4
Ond 5 respectively) Ore O pplied for 10 minutes on the blel ched

enlmel surfllce.

The Opplicltion time of 10 minutes wll's chosen in this study,
Os this durltion is Odequlte for clinicll OpplicOtion of the
Ontioxiddnt in solution form.[8], 22For instlnce, the results of
the study by Murlld et 01[23], showed th0't the use of 10% SA
gel for 10 min is sufficient to recover bond strength. Simillr
study by Thipl et 014stlted thit 10 min Opplicltion of both
10% 0Ond 25% sodium Oscorblte solutions Ond 25% [O1ph0l
tocopherol solution mly be suggested to significlntly
improve shelr bond strength of composite resin to enlmel.
Also, LOi et 01.[9] suggested thOtthe Ontioxidint must be
Opplied for Ot ledst onelthird of the time of Dpplicltion of the
oxidizing blel ching gent.

Shellr bond strength Ossessment wils done using Universil
Testing MOchine, s it Dccurlltely reflects the type of forces
(i.e., shelr forces) Ind mOgnitude of force. These Ore slme
type of forces thit Ore generlted intdl orfllly on veneer
restorl tions in the tooth[11].

Results of the present study Ore in DccordInce with results of
following studies for sodium Oscorblte (SA Vitlmin C) Ond
Alphil Tocoferol (Vitl min E) I ntioxiddnts.

NOirfROtihel 01[24] evilulted the effect of Ontioxidlnts,
nlmely 10% Sodiumlscorblte (SA,) 10% Olphidtocopherol,
10% green tell Ind 10% Aloe verll on the shellr bond strength
of composite resin to enlmel following extrllcorondl
blelching using 40% hydrogen peroxide. Result of the study
suggested thlt Dmong Ontioxidlnts, SA (18 MP0) Ond 01phl
tocopherol (17 MPO) produced nonlsignificintly grelter
shelr bond strength complred to control group (18.23 MPD).

These results were simillr to the vl lues of shellr bond strength
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the present study which 0re 69.07 MPO, 61.55 MPO Ind 71.25
MPI for SA,01phl tocoferol I nd control group respectively.

Study by Turkun et01[25] std tedthD t trel tment of the blel ched
enmel surflce with SA reverses the reduced bond strength
(22.80 MPD) when complred to group where resin restorlltion
wil's done immediltely O fter the blel ching trel tment (16 MPI)
OUnd mly be used On Olterndtive to dellyed bonding. The
results of this study Ore simillr to the present study in which
SA hls shown significint reversil in bond strength (69.05
MP0) complred to slmples which were restored just O fter the
blel ching trell tment (42.60 MPI). Another study conducted in
2014 by Arumugim et 01,[23] where Ontioxidints 10% SA,
6.5% prolnthocylnidin, Ond 5% lycopene were used,
concluded thl t0 mong the Dntioxidl nt groups, SA (Vitl min C)
showed significlntly higher bond strength reversi 1, complred

to prolnthocylnidin[nd lycopene.

Therefore, from the present study it cIn be inferred thi't the
Control group i.e., Group 1 in which the restorlition wis
dellyed for one week, showed the highest melln bond strength
vilue (71.25 MPD) Ond lowest wll's shown by Group 2 (42.60
MP0) where the restorlition wils done immediltely Ofter the
blelching procedure. These findings Ore in Occordince with
the previous studies [4,7,25,16].

Among vitlmin Ontioxidints used in the study, Sodium
Ascorblte (Group 4) his the highest bond strength vilue
(69.05 MPD) followed by Alphl tocoferol (Group 5) (66.55
MPID), which Ore in Occordince with the previous
studies[4,6,24,23] Ond lelst (56.48 MPI) for Betl clrotene
(Group 3). As of now, the rellson for the lowest bong strength
vilue with Betl clrotene 0mong other vitlmins clnnot be

Ossessed, therefore, further reselrch is required.

Conclusion:

Within the limitltions of this study, it cln be concluded th't
use of blelching Ogent (35% hydrogen peroxide) could
significlntly [ ffect the microllshellr bond strength between the
restorltion Ond dentll substilltes. The reduction in bond
strength hll's been shown to be reversible [ nd the best method

Occording to the literliture, is to postpone the bonding

procedure for 24 h upto 4 weeks Ofter blelching. The
Opplicition of vithmins i.e., Sodium Ascorblte solutions Ind
01ph00tocopherol solution for 10 min hl's been suggested to
significintly improve the shellr bond strength of composite

resin to enlmel.

Further studies need to be conducted using higher
concentrlltions of Ontioxidints so thlt complete reversi] of
reduced bond strength clin be Ochieved. Also, study did not
evllulte whether the bond fllilure is cohesive or [dhesive Ind
Os it is On in vitro study, clinicll evllultion is necesslry to

determinethe efficllcy of these I ntioxidlnts.
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