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ABSTRACT
Purpose: This pilot study used a novel study design to evaluate the effect of a 10% carbamide
peroxide bleaching gel on the bond strength of a resin-based composite system to dentin.

Materials and Methods: Dentin disks were obtained from human third molars, polished to 600 grit,
and mounted on the palatal aspect of a removable orthodontic retainer. Two disks were exposed
to a 10% carbamide peroxide bleaching gel for 2 h/d for 21 days, whereas two disks were not
treated and served as controls. A retainer was worn by the participant regardless of whether
bleaching was used, simulating the action of the saliva/oral fluids on the dentin specimens. After
the treatment phase, the dentin disks were retrieved and a resin-based composite system was
applied to the specimens following manufacturer’s instructions. Composite dentin “sticks™ were
obtained and tested in microtensile mode. Bond strength values were obtained for treated (1 = 20)
versus nontreated (7 = 26) dentin and were analyzed statistically.

Results: Mean bond strengths values (SD) were 29.9 MPa (6.2) and 39.2 MPa (5.8) for treated and
nontreated dentin specimens, respectively (p < .001).

Conclusion: The results of this study suggest that nightguard (home) bleaching with 10%

carbamide peroxide for 2 h/d for 21 days significantly affects resin-dentin bond strengths when
dentin is exposed to bleaching material.

CLINICAL SIGNIFICANCE

The findings of this novel pilot study imply that dentin bonding, such as to exposed root surfaces
and cervical areas of the teeth, should not be performed immediately after bleaching with 10%
carbamide peroxide.

(] Esthet Restor Dent 16:235-242, 2004)

For a long time, the esthetic
treatment of discolored teeth
required invasive procedures such as
jackets and crowns. Bleaching tech-
niques offer a conservative treat-
ment alternative for discolored

teeth. In particular, home bleaching,
introduced in 1989 by Haywood
and Heymann,' has been consist-
ently described as a safe and effec-
tive treatment alternative for vital
discolared teeth.*™

The bond strength of resin com-
posites to recently bleached enamel
has been investigated. It has been
reported that resin to enamel bond
strengths decrease immediately after
home bleaching, and that bond
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strengths return to pretreatment
levels after 2 weeks.”™ The initial
reduction in enamel bond strengths
has been attributed mostly to re-
sidual oxygen in the enamel,”'"
although one study suggested enamel
surface alterations could be respon-
sible for the reduction in bond
strengths.'" Although the precise
cause for the reduction in bond
strength is debatable, it has been
accepted that enamel bond strength
values return to normal levels owing
to the diffusion of any remaining
oxygen and/or to the reparative
action of saliva. The initial reduc-
tion in enamel bond strengths after
bleaching is clinically significant
because many patients require re-
placement of existing esthetic resto-
rations after bleaching treatment.
Based on this potential drawback,
it has been recommended that
adhesive restorative procedures

be delayed for at least 2 weeks
after bleaching.”

Physiologic gingival recession and
root caries are common in many
adults and in the elderly. With
increased life expectancy observed
in many countries, more adhesive
restorative procedures involving
root surfaces with cervical dentin
margins will be performed. As
bleaching treatments are sought by
individuals of all ages, it seems ap-
propriate to investigate the effect of
bleaching treatment not only on
enamel but also on dentin. Labora-
tory studies have reported a reduc-
tion in resin-to-dentin bond
strength values after bleaching

10% CARBAMIDE

PERONIDE ON RESIN-DENTIN BOND STRENGTHS

treatment.'*'? However, a signifi-
cant limitation of in vitro bleaching
studies is the lack of a realistic
treatment regimen. It is difficult to
simulate in vitro the effect of
intraoral factors such as saliva on
treated enamel and dentin.

The purpose of this novel pilot study
was to analyze in situ the effects of a
home-bleaching treatment on the
resin-to-dentin bond strengths.

MATERIALS AND METHODS

The protocol for this study was
reviewed and approved by the Fed-
eral University of Santa Catarina’s
Committee of Ethics in Research.

Bleaching Treatment

This pilot study involved the par-
ticipation of a 21-year-old male.
Before the initiation of the study,
the participant read and signed an
informed consent form. Inclusion
criteria included the absence of
dental caries and/or periodontal
disease, the absence of extensive
restorations and/or prostheses in
the anterior dentition, overall good
health, anterior teeth shade A3 or
darker according to the Vita Lumin
Vacuum” shade guide (Vita
Zahnfabrik, Bad Siackingen,
Germany) arranged in order of
value according to the manufac-
turer’s instructions, and four third
molars with extraction indicated.

A full-arch maxillary impression
was obtained and poured in stone.
The third molars were then
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extracted, identified, and kept in a
0.2% thymol solution.

The occlusal surfaces of the speci-
mens were ground flat to ex-
pose the dentin and polished to
600 grit (Norton A’cqua Flex, Sio
Paulo, Brazil) using an automatic
grinding machine (DP 10*, Struers-
Panambra, Redovre, Denmark).
Three millimeter—thick dentin disks
were then obtained by sectioning
the specimens with a water-cooled
ultrathin flexible diamond disk
(Buehler Ltd., Lake Bluff, IL, USA)
in a slow-speed circular sectioning
machine (Isomet 4000, Buehler
Ltd.). Four dentin disks were
obtained—one from each extracted
third molar (Figure 1).

An intraoral removable acrylic ap-
pliance was fabricated using the
stone model. Two sets of dentin
disks were mounted on the palatal
side of the appliance. One set was
fixed, and the other set was remov-
able to avoid the contact of control
specimens with the bleaching gel
(Figure 2). The appliance was kept
in a moist environment until the
initiation of the clinical phase of
the study.

A 0.089 ¢cm (0.033 in.) modified
bleaching tray was fabricated.
During tray fabrication, the remov-
able appliance was seated on the
corresponding stone model. Conse-
quently, the bleaching tray fit the
participant’s maxillary arch and
covered the removable appliance
(Figure 3).



Figure 1. Flat dentin disks were obtained from human

third molars.

The participant was given thorough
written and verbal instructions
concerning the study and treatment
regimen. He was instructed to use
the removable appliance containing
the dentin specimens obtained from
his third molars for 24 h/d for

21 days. This approach ensured ex-

posure of the dentin specimens to

intraoral conditions. The removable

appliance was to be removed only

during meals and for oral hygiene

purposes. During the extraoral time,
the appliance was kept in a moist

container with fresh tap water. The
participant was instructed not to use
a toothbrush or any other cleaning
device on the dentin specimens. Only
the internal aspect of the appliance
could be cleaned with a toothbrush

and toothpaste, if so desired.

During bleaching treatment the

participant was instructed to take

)

Figure 2. Two sets of dentin disks were mounted on the palatal
side of a removable appliance. One set (experimental) of dentin
disks was fixed, and the other set (control) was removable to
avoid the contact of control specimens with the bleaching gel.
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out the removable set of dentin disks
(control) from the appliance and
keep it in fresh artificial saliva. The
treatment gel used was a thick 10%
carbamide peroxide gel, Nite White
Excel” 2Z (lot no. 0FAA-OFAC,
Discus Dental Inc., Culver City, CA,
USA), with a pH of 6.9. The par-
ticipant was instructed to load the
tray with the gel and use it for 2 h/d
(Figure 4). After each use, both the
bleaching tray and the appliance
were removed and rinsed under
running tap water, and the remov-
able set of dentin disks was reposi-
tioned; the appliance was kept in the
participant’s mouth for the remain-

ing time.

With this regimen, only one set of
dentin disks was treated; the other
set served as a nontreated control.
A treatment regimen of 21 days
was elected based on the protocol
for home-bleaching treatment
adoprted at the Federal University

of Santa Catarina.

Measurement of Microtensile
Bond Strengths

After conclusion of the bleaching
treatment, the appliance was col-
lected and the dentin sets were
retrieved. Dentin specimens were
rinsed thoroughly under running
water, and a resin-based c()mp()\im‘
(Filtek Z-250™, lot no. OBG/OBP,
3M ESPE, St. Paul, MN, USA)
was applied to the dentin surfaces
following the manufacturer’s
instructions. Specifically, dentin

was etched with a 35% phosphoric
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Fieure 3
1gure J.

A modified bleaching tray was fabricated. Note the

foam pad built in the tray to act as a reservoir for the

bleaching material.

acid gel (3M ESPE) for 13 seconds,
rinsed thoroughly with water,
and blot dried. Two coats of and
ethanol- and water-based adhesive
(Single Bond, lot. no. 1FT, 3M
ESPE) were applied to the wet
dentin surface, slightly dried,

and light cured (Optilux 500*,
Demetron Research Corp.,
Danbury, CT, USA). Filtek Z-250
was applied in 1 mm-thick incre-

ments light cured individually for

20 seconds. Three increments of

resin composite were ll‘\L‘kl.

\PL'L‘I[HCII\ Were TI]L'!I mounted to an
acrylic support using cyanoacrylate
and sectioned with a diamond
wafering blade (Buehler Ltd.) oper-
ating n a \h:\\'—spcnl wet saw
(Isomet 4000). Composite dentin
sticks measuring 1 x 1 x 6 mm
were obrained from each dentin

disk. Peripheral enamel composite

Figure 4. Bleaching gel being applied on the foam pad
immediately before seating the bleaching tray on the appliance.
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specimens were discarded. A rtotal
of 20 sticks were obtained from the
treated dentin, and 26 sticks were

obtained from nontreated dentin.

Each stick was tested individually
for microtensile bond strengths. The
stick was attached to a Bencor
Mulw-T
ing, San Ramon, CA, USA) moun-

device (Danville Engineer-

ted in a Instron” Universal Testing
machine (model 4444, Instron Co.,
Canton, MA, USA). The crosshead
speed was set at 0.5 mm/min.'*1°
Specimens were attached parallel

to the microtensile force and tested
to fracture. The force required to
LIL'IW(]HL] [}']L' \I\L'(il]lt'l]ﬁ was
expressed in newtons. These values
were then divided by the bonded
area (1 mm?®), and the final micro-
tensile bond strength was expressed

in megapascals.

Microtensile bond strength values
were analyzed for statistical signifi-
cance with student’s t-test (p = .05)
using ARCUS 2.0 Professional’
software (Research Solutions,

Cambridge, UK).

RESULTS

Results are presented in Table 1.
Mean microtensile bond strength
values ranged from 29.9 (+6.2)
MPa (treated dentin; 7 = 20) to 39.2
(+ 5.8) MPa (nontreated dentin;

n = 26). Statistical analysis revealed
that resin-dentin bond strengths
were significantly affected by the
bleaching treatment. The mean

bond strength to treated dentin was



TABLE 1. MEAN MICROTENSILE BOND STRENGTH VALUES.

n 26 20
Mean MPa (SD) 39.2 (5.8) 29.9 (6.2)
p Value < .001

significantly lower than was the
mean bond strength to nontreated

dentin (p < .001).

DISCUSSION

Since bleaching products are usually
applied only on enamel, little is
known about their effects on den-
tin. Enamel and dentin are perme-
able to carbamide peroxide
components, and enamel bleaching
potentially affects dentin. In addi-
tion, contact of bleaching materials
with cervical aspects of teeth not
covered by enamel is not uncom-
mon, especially in aging individuals
with areas of localized or general-
ized gingival recession.

One of the most clinically significant
effects of bleaching treatments on
enamel is the reduction in resin-
to-enamel bond strengths noticed
immediately or for several days after
completion of bleaching treat-

2 7=19
ment, 26171

It has been suggested
that the reduction in bond strength
could be caused by an accumulation
of oxygen in dentin since dentin acts
as an oxygen reservoir.”*" How-
ever, some authors maintain thar
this reduction is not related to the
inhibition of resin polymerization
brought about by the accumulation
of residual oxygen on treated

enamel.'**! Sung and colleagues
have stated that this decrease in
enamel adhesion can be affected by
the type of adhesive used.” These
authors reported thar an alcohol-
based bonding agent (OptiBond*®,
Kerr Manufacturing Co., Romulus,
MI, USA) is capable of reducing or
eliminating the negative effects of
residual oxygen on the process of
adhesion of composites to enamel.

Reduction in resin-to-dentin bond
strengths after bleaching treatment
also has been reported.'’'**
Peroxide-based substances, when
applied directly on dentin, react with
the smear layer on the dentinal sur-
face. This interaction forms attached
granular deposits not removed by
the acids used in the adhesive pro-
cedures.'"** Toko and Hisamitsu
reported that the reduction of adhe-
sion can be related to the alteration
of the dentin organic content.'”

However, these in vitro studies do
not consider many of the clinical
variables present when bleaching
teeth in vivo. Factors such as dentin
thickness, sclerosis of dentinal tu-
bules, and, most importantly, natu-
ral saliva are clinical variables that
can significantly influence the effect
of bleaching treatment on dentin.>”’
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Our in situ study attempted to simu-
late as much as possible the in vivo
conditions of bleaching treatrment.
Dentin specimens for this study were
kept in the oral cavity in contact with
saliva whenever they were not ex-
posed to the bleaching treatment.

One limitation pertinent to this study
design has to be acknowledged. The
bleaching agent used (Nite White
Excel 27) contains potassium ni-
trate, which is included ro reduce the
potential for sensitivity during and
immediately after bleaching. It is
conceivable that the effect of bleach-
ing on bond strengths observed in
our study is due in part to the
potassium nitrate and not to the
bleaching active ingredient. Further
studies with different bleaching
materials without desensitizing
agents need to be conducted to rule
out this hypothesis.

A recent study showed that the den-
tinal tubule orientation plays an
important role in bond strengths.**
According to this study, bonding to
oblique dentinal tubules generates
significantly higher mean bond
strength values than does bonding to
parallel or perpendicular dentinal
tubules. In our study we bonded
primarily perpendicularly and ob-
liquely to dentinal tubules, which
would be the case when bonding

to cervical areas of teeth where
dentin becomes exposed owing to
gingival recession.

Microtensile bond strength tests
are labor intensive but have the

VOLUME 16, NUMBER 4, 2004
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potential to generate relevant adhe-
sion information, particularly with
multiple bond strength measure-
ments from a single tooth.***® This
in situ study with a single participant
allowed us to eliminate a number of
variables, such as compliance issues,
saliva characteristics, and hygiene
habits. Studies involving more
participants have the potential dis-
advantage of difficult standard-
ization and poor compliance. In
addition, the number of specimens
tested in this study (N = 46) was
sufficient to generate statistically
relevant results and is comparable to
sample sizes used in other studies of
microtensile bond strength.*>*°

More studies are needed to broaden
the knowledge base on the effects

of 10% carbamide peroxide on den-
tin. Based on the results of this pre-
liminary study, one of these effects
might be the formation of sub-
products that compromise the
interaction of an ethanol- and water-
based adhesive with etched dentin.
Since dentin is more permeable

than enamel, peroxides can poten-
tially diffuse more through dentin
than through enamel. Further studies
should investigate the time required
for the resin-to-dentin bond strength
to return to pretreatment levels, as
well as the effect on dentin bond
strengths of different bleaching
materials, treatment regimens,

and adhesives.

CONCLUSION

Based on the results of this pilot
study, at-home bleaching using a

10% CARBAMIDE PEROXIDE

10% carbamide peroxide gel for

2 h/d for 21 days might significantly
affect resin-dentin bond strengths
when adhesive procedures are per-
formed on dentin exposed to the
bleaching treatment. To confirm
these results and verify their clinical
relevance, a larger study involving
more participants 1s necessary.
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COMMENTARY

PILOT STUDY
David C. Sarrett, DMD, MS§*

IN SITU EFFECT OF 10% CARBAMIDE PEROXIDE ON RESIN-DENTIN BOND STRENGTHS: A NOVEL

This study investigates the problem of reduced composite bond strength to dentin treated with 10%
carbamide peroxide gel. The authors correctly point out that exposed root surfaces are being bleached in
adults and the elderly, in whom gingival recession is a common finding. The frequency of bleached root
surface dentin has increased because of the popularity of dentist-dispensed and over-the-counter peroxide
bleaching agents. At the same time, the need for restorations bonded to root surface dentin is also increasing.
It is important that dentists learn more about this issue and that researchers discover the mechanisms of the
effects of peroxide bleaching agents on tooth structure.

The effects of peroxide bleaching on the bond strength of composite to enamel is well documented, and it is
prudent to wait at least 2 weeks following the final bleaching treatment before performing adhesive
procedures on enamel. There is some controversy on the mechanism causing the decreased bond strength;
however, residual oxygen molecules in the tooth that inhibit full polymerization of the resins largely
contribute to the problem. It seems unlikely that the peroxide alters the enamel structure in any way that
would cause a reduction in composite bond strength. The effects on dentin may be quite different owing to the
higher organic content compared with enamel. Thirty-three percent of the total volume of dentin is
organic (primarily collagen) compared with < 4% of total volume for enamel.

The research described in this article is a novel approach to evaluating the effect of 10% carbamide peroxide
on composite bond strength to dentin. Third molar teeth from one subject were extracted and prepared for
microtensile testing. Prior to bonding of the composite, the subject from whom the teeth were extracted wore
a removable appliance for 21 days containing dentin disks cut from the extracted teeth. The subject bleached
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