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ABSTRACT

This study evaluated the microghear bond strength of composte resin to teeth bleached with com
mercial whitening strips and compared with those bleached with home bleaching gel. Twelve extract
ed human central incigers were cut inte pieces and central four segments were chosen from each
tooth and embedded in acrylic resin. Four blecks with 12 teoth segments embedded in acrylic resin
were acquired and numbered from group one to group four. Group 1 was bleached with Crest
Whitestrips, group 2 with Claren, group 3 with Opalescence teoth whitening gel (10% carbamide
peroxide). Group 4 was used as contrel. The bleaching procedure was conducted for 14 days accord
ing to the manufacturer s instructions: the bleaching strips twice a day for 30 min and the bleaching
gel once a day for 2 hr. After bleaching, compesite resin (Filtek Supreme) was bonded to the enamel
surfaces with a self etching adhesive (Adper Prompt L Pop) using Tygen tube. Microshear bond
strength was tested with a universal testing machine (EZ test). The data were statistically analysed
by one way ANOVA. The study resulted in no statistical differences in microshear bond strength
between the tooth segments bleached with 2 different whitening strips and bleaching gel. It can be
concluded that the effect of bleaching with either commercial whitening strips or bleaching gel on
enamel i minimal in bonding with self etching adhesive to composite resin.  [J Kor Agad Cons Dent
20{8):219-228, 2004)
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[ INTRODUCTION

Vital teeth tend to present celer changes that
compromise esthetics substantially. These discel
orations can be extrinsic or intrinsic according to
the location and the causge of the stain. Many
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dentists have indicated the treatment of intrinsic
discolorations with bleaching agents”. Thanks to
Innovations in bleaching agents, tooth whitening
has become more and meore popular ameng dental
professionals and patients”. The most commeon
treatment for intrinsic discoloration is bleaching
with hydrogen peroxide, which includes profes
sionally administered (in office), professionally
dispensed (custem tray based) and self directed
{over the counter) bleaching”. For in office
bleaching, 30 to 36% hydrogen peroxide was used
and monitoring was required by the dentists?.
Therefore the professionally dispensed bleaching,
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algo called nightguard vital tooth bleaching
becams popular due to its simplicity. This methed
wags first described and published by Haywood
and Heymann® and 10 to 156% carbamide perox
ide was used In a oustom made mouthguard for
geveral weeks. Nowadays, these svstems uge 10%
carbamide peroxide with carboxypolymethylens
poelymer as a thickening agent for improvement of
tissue adherence and for sustained release of the
whitening agent. In the original protocel, the
average time recommended for optimal coler
change was 6 weeks, although slight whitening
effects may be noted as sarly as 2 wesks.

Eecently, newly developed whitening strips were
introduced, which use flexible pelyethylene strips
to deliver hydrogen percxide bleaching gel to the
dentitien. Cengidering the overall percxide dese,
contact time, and the ease of use, this trayless
delivery system 13 sald to be more advantageous
than the other delivery systems”.

The bleaching effect of whitening strips is
known to be cloge to the custom tray basged
bleaching. The study of Donly et al.? compared
the responses of whitening strips and custom tray
bleaching with 10% carbamide peroxide in chil
dren with tetracycline stain and showed highly
significant color improvements for both systems.

When the bleached teeth were neot harmonic
with the adjacent teeth due to insufficient
whitening effect, the teeth must be restored with
composite resin or veneer crown. As the bleaching
of vital teeth involves direct contact of the
whitening agents on the cuter enamel surface for
an extended pericd of time, studies have demon
strated the potential adverse effects of these car
bamide percxide agents®. However, the effect of
pre restorative carbamide percxide bleaching on
the bond strength of composite resin to enamel
were incenclusive. Some authors reported severs
decrease in the average bond strength of compos
ite resin to bleached enamel compared with
unbleached enamel, while other studies indicated
means to counteract adverse bleaching effects and
showed no statistical differences®.

As whitening strips are being used more and
mere commenly at home, teeth bleached with
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these bleaching strips have the possibility of
being treated with compesite resin restoration
without notice. However, there were no previous
studies on the bond strength of compaosite resin to
enamel bleached with commercially available
whitening strips.

The purpese of this study was to evaluate the
effects of the commercially available whitening
strips on microgshear bond strength of composite
resin to enamel and to compare those with the
effect of the 10% carbamide peroxide bleaching
agents.

I. MATERIALS AND METHODS
Matarials

Two commercially available whitening strips and
cne bleaching gel were uged In this study: Crest
Whitestrips (The Procter & Gamble Company,
Cincinnati, USA), Claren dental whitening sohn
tion (LG Household & Health Care, Seoul, Korea)
and Opalescence tooth whitening gel (Ultradent
Product Inc, South Jordan, USA). Crest Whit
estrips congists of flexible pelyethylene strip that
is coated with an adhesive hydrogen peroxide
bleaching gel. The strips carry 1560 to 200 mg of
whitening gel distributed uniformly acress the
strip surface. The hydrogen percxide concentra
tion of whitening strip is 5.3%”. Claren dental
whitening selution hag the hydrogen peroxide
concentration of 2.6%. The Opalescence bleaching
gel uged in nightguard bleaching iz composed of
10% carbamide peroxide with carbopal.

Test sample fabrication

Twelve freshly extracted human central incisors
with flat labial surfaces were chosen for this
study. The tooth structure palatal to the pulp
gpace was cut off with high speed diameond bur te
prohibit the tooth segment from separating at the
pulp space after sectioning, and to enhance the
bending of the tooth to acrylic resin. The teeth
without palatal surfaces were then embedded into
acrylic resin with the labial surface exposed in a
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Figure 1. Tooth embedded in resin specimen was cutb
into aquares of 2X2 mm in slze and the most
central 4 segments were chosen.

rectangular form for convenlence of mounting to
the precisien cutting device (Accutom 50,
Struers, Copenhagen, Denmark). The acrylic
resin specimen was fixed on the vice, and sec
tioned serially to a 2X2 mm square form with a
diamond cutting wheel {(Diamond cut off wheel,
Struers, Copenhagen, Denmark). The most cen
tral 4 segments per testh were chosen to exeoute
the study (Figure 1). Finally, 48 (12 X 4) tooth
specimens were chtained. Four segments from
each tooth were divided intc 4 groups randomly
and embedded inte acrylic resin to form a block.
As a result, 4 blocks were fabricated for this
study.

Bleaching procedure

Group 1 (Opal) was bleached with Opalescence
tooth whitening gel with 10% carbamide peroxide.
Group 2 (Cla) was bleached with Claren dental
whitening solution and group 3 (Cre) with Crest
Whitestrips. Group 4 (Con) was used as a con
trel. Groups 1, 2, 3 were bleached with corre
sponding bleaching agents according to the manu
facturer s instructions. In group 1, Opalescence
tooth whitening gel was applisd for 2 hours per
day. The gel was applisd over the entire enamel
gurface approximately to 0.5 mm thickness.
Duaring bleaching, the block was stored in the
incubater of 100% humidity at 37T, After 2

hours bleaching, the gel was washed away with
tap water for 30 seconds. Groups 2 and 3 were
bleached with corresponding whitening strips for
30 minutes twice a day. The bleaching interval
wag 12 hours. During bleaching, they were stored
in artificial galiva at 37T in the incubator. The
artificial saliva consists of 50% NaCMC, 10%
glycerine and 40% tertiary distilled water. After
bleaching, the whitening strips were removed and
cleaned with tap water for 30 seconds. The blacks
were stored In an artificial saliva at 37T in the
incubater with the exception of the bleaching
time. In this way, groups 1, 2 and & wers
bleached for 14 days. Group 4, the contrel, was
stored in the artificial saliva for 14 days without
any treatment mentioned previously. The test
blocks were then stored in artificial saliva at 37T
in the incubater for 24 hours before composite
resin bonding.

Composite resin bonding

For composite resin bonding, self etching adhe
sive (Adper Prompt L Pop, 8M ESPE, St Paul,
USA) was applied on the bleached enamel surface
of the exposed tooth segment (Table 1). After 15
seconds, the excess bonding agent was removed
with the air stream of the 3 way gyringe and light
cured (Elipar Freelight 2, 3M ESPE, St Paul,
USA) for 10 secends. Then composite resin
(Filtek Supreme, 3M ESPE, St Paul, USA) was
filled inte the Tygon tube (TYG 030, Small Parts
Inc., Miami Lakes, USA) with an internal diame
ter of approximately 0.7 mm, which was cut
approximately to 2 mm in length. The Tygon tube
wag held tightly to prevent the resin from seeping
away from the defined area at the enamel sur
face. The compesite resin was light cured for 20
geconds through the trangparent Tvgon tube. In
this manner, small cvlinders of composite resin,
approximately 0.7 mm in diameter and 2 mm in
height, were bonded to small enamel surfaces of
approximately 0.4 mm®. Subsequently, the Tygon
tube wag removed to carry out the microshear
bond strength test.
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Table1. Materials used in bonding composite resin cylindar to enamel surface,

Brand Composition Manufacturer
Liquid 1:
Adper Methacrylated phosphoric esters, Bis-GMA, initiators
Promgt based on camphoroguinone, Stabilizers M ESPE Dental
L-Pop Liguid 2: Products St. Paul, USA
Water, 2-Hydroxyethyl methacrylate (HEMA),
Palyalkenolc acld, Stabilizers
FResin:
Filtek Bis-GMA, Bis-EMA, UDMA, TEGDMA 3 ESPE Dental
Supreme Fillers: Products St. Paul, USA

Zirconia/silica cluster filler, silica filler

Load cell

Figure 2. Fine ligature wire was looped around the
composite resin cylinder and pulled until failure
occurred. The load cell, the wire and the composite
resin cylinder were arranged in one line.

Microshear bond strength test

The blecks containing composgite resin cylinders
attached on the tooth segments were fized In the
vice of a universal testing machine (Ez test,
Shimadzu Co, Kyoto, Japan). A fine ligature wire
(0.2 mm in diamseter) that was almoest touching
the enamel surface, was looped arcund the com
posite resin cylinder. The composite resin cylin
der, the wire and the center of the load cell wers
aligned ag straight as pessible to engure that the
degired corientation was maintained during the
micreshear bond strength test. Pulling force was
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Table 2. Mean shear bond strength and standard
deviations in VMPa.

Group 1 Group 2 Group 3 Group 4

(Opal) (Cla} (Cre) (Con)

N 12 12 12 12
Mean 16.43 18.55 17.03 22 (6
S b.54 526 3.562 G.33

*3.D. ¢ Standard Deviation

applied at the crosshead speed of 1.0 mm/min
until failure cecurred (Figure 2). Data were sta
tistically analyzed using one way ANOVA and
post hoo Schéffe test at the 95% level of confi
dence.

. RESULTS

The mean values and the standard deviations of
microshear bond strength are shown in Table 2.
The contrel group (group 4, Con) showed the
highest mean bond strength followed by Claren
(group 2, Cla), Crest (group 2, Cre) and Opale
scence gel (group 1, Opal). Although the micros
hear bond strength values were numerically dif
ferent in the previeus order, one way ANOVA and
post hoo Scheffe test showed neo variatiens
between the test groups and ne statistically sig
nificant differences in micreshear bond strength
values between the groups (p » 0.05).
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. DISCUSSION

For bleached enamel surfaces, there wag a ten
dency of reduction of the microshear hond
strength of either bleaching agents compared to
the unbleached ones. However, this study indicat
ed no statistically significant differences in bond
gtrength values between the groups. This result is
consistent with the study of Josey et al.”, who
examined the shear bond strength of composite
regin luting cement to etched bleached enamel.
The study showed neo significant difference
between the bleached and unbleached enamels
and indicated that either appeared to be clinically
acceptable.

On the other hand, there were studies with the
apposite results’ reductions in bond strength after
enamel bleaching with 10% carbamide peroxide™*™”.
Cne reason for the reduced bond strength was
gald to be the result of the changes In enamel
gtructures during the bleaching procedure. Ben
Amar et al.™ cited in their study that these
changes in enamel structures resulted from loss of
mineral content or increased poresity manifested
by an ‘over etched appearance with loss of pris
matic form. Josey et al.” addressed that the char
acteristics of the etched enamel following bleach
ing appear to be altered and may affect the bond
of compesite resin to bleached enamel. Other
studies demeonstrated surface alterations in enam

21 and loss of calel

el with the bleaching agents,
um and changes in calclum/phosphate ratic after
applying carbamide peroxide on enamel™™.
However, studies on the effect of bleaching gels
on enamel surfaces with 10% carbamide peroxide
addressed that bleaching gels canged only mini
mal effect on the surface morphelogy and enamel
micrchardness*®™ ™. Lal et al."™ reported in their
study that 10% carbamide peroxide bleaching
produced only slight enamel surface alteratioms
and this etching effect wag likely te be pH depen
dent. They alsc cited that it could be sxpscted
that the demineralization effect of bleaching
agents was relatively mild and any surface and
subsurface alterations would prebably have been
masked by the more aggressive phespheric acid

etching.

Ancther reason for the reduced bond strength of
bleached enamel ig the residual hydrogen peroxide
after bleaching. Titely et al.” stated in their study
that the reduction In bend strength might be
related to the presence of regidual hydregen per
cxide which interfered with resin attachment and
inhibited resin pelymerization at or near the
enamel surface and they showed that the immer
sion of hydrogen peroxide treated teeth in water
could leach out the hydrogen peroxide and restore
bend strength values. Since dental adhesgives
polymerize by a fres radical polymerization mech
anism that invelves the generation of free radicals
through light activated redox initiators,™ the
hydrogen percxide may break down to release
cxygen that iz trapped within the adhegive during
light activation. The released ocxvgen from the
bleached enamel prebably results in incompl
ete polymerization of the adhesive in these
regions™™. However, Adibfar et al®” stated that
water immersion can effectively remove all of the
hyvdrogen pereoxide from the bovine enamel in a
matter of minutes. In that study, the dentin was
removed to eliminate the pessible reserveir for the
hyvdregen perexide which is transported through
the full thickness of the enamel. In this study,
the blocks were stored in the artificial saliva with
the exception of the bleaching time, sc it can be
gaid that there was sgufficlent time for the resid
ual hydrogen peroxide to be removed from the
test specimen. There were other methods to
remove the residual hydrogen peroxide. Lal et
al.’ reported that compromised bonding to acid
etched bleached enamel was reversed with anti
cxidant {(e.g. sodinum ascorbate) and that altered
subsurface enamel organic matriz by oxidizing
effect of hydrogen peroxide could be reversible
changes in redox potential of the organic cempe
nents.

One of the problems related with complicated
adhesive systems in bonding composgite resin to
enamel 15 the time required for the various steps
and the associated technique gengitivity. To over
come these shortcomings, systems such as gelf
etching and priming adhesive materials are
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used® . Therefore, self etching adhesive (Adper
Prompt L Pop) was used in this study. In the
study of Pashley et al.*® on the etching effects of
self etching adhesives, Prompt L Pop (3M ESPE,
St Paul, USA) preduced an etching effect that
approached the total etch contrel group.

In this study, coemposite resin adhesion to
bleached enamel was assessed by the microshear
bond strength. Varlous mechanical test methods,
such as shear and tensile strength tests, have
been used to evaluate the bond strength. The ten
gile test ig very critical. If not carefully conducted,
the specimen undergoes torgue stress, which
reduces the bond strength value. The shear tests
are ugsed more often because the test values are
higher than these chtained by the tensile test and
the shear stress iz congidered to be meore repre
¥ Mereover, by
virtue of its overall simplicity, such as the sase of
gpecimen preparation, simple test protocel, and
the ability to rank different products according to
bond strength values, several varlaticns of shear

gsentatlve of the clinical situation

bond testing have been widely applied. However,
the tendency of failure in the dentinal substrate
at loads far less than the shear strength of the
dentin due to Improved bond strength by the new
adhesives, would limit the ability of the test to
discern real differences among various adhesive
systems®. Pashley et al® cited this particular
issue as a limitation of using conventional shear
tests and a reason to consider the micreshear test
as a reasonable alternative. Tantbirein et al.*®
addressed concern that shear test may not be able
to estimate bond strength if future generations of
honding systems get better. If the dentin pull cut
wag chgerved in the failure surface, the calculated
neminal bond strength was no longer based on
the cross sectional area. Thus, they concluded
that the bend test could net digscriminate the
effect of such new bonding agents. However, when
using microshear bond strength test method,
there iz less risk of previonsly mentioned short
comings. Furthermore only small tooth segments
are needed and thiz permits many grouping on
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the same substrate, as well as promoting the con
servation of extracted teeth™.

In this study, the micreshear bond strength val
ueg were variable even in the same group. The
irregularities of the unground enamel surface are
guspected to be the reagon. Because of thesge
irregularities of the enamel surface, the actual
bonded surface conditions of compesite resin
cylinder could be different each cther and result
in the differences of the microshear bond
strength. To eliminate these possibilities, the
compasite regin bonding to the flattened enamel
subsurface should be taken inte consideration in
further studies. When the irregularities of enamel
surfaces could be excluded, the standard devia
tion of bond strength values would be reduced.

V. CONCLUSION

In this in vitro study, micreshear bond strength
of compesite resin to enamel bleached with com
mercially available bleaching agents was evaluat
ed. Twelve extracted central incisers were cut
into squares of 2X2 mm in size and most central
4 sesments were obtained from each tooth. One
segment from each tooth was chosen and embed
ded in acrylic resin to obtain 4 groups. Group 1
wag bleached with Opalescence tooth whitening
gel with 10 % carbamide peroxide, group 2 with
Claren dental whitening solution, group 3 with
Crest whitestrips and group 4 was used as a con
trol. After 14 days of bleaching, compesite resin
cylinder was bonded to the bleached enamel sur
faces with the help of Tygon tube using the self
etching adhesive. The universal testing machine
wag used to conduct the microshear bond strength
test. The bond strength was highest in the contral
group and lowest In the Opalescence gel group,
but there wag neo statistically significant differ
ence (p » 0.05). Therefore, it can be stated that
bleaching with commercially available whitening
strips and the bleaching gel with 10 % carbamide
peroxide did net influence the micreshear bond
strength of composite resin to enamel.
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