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ABSTRACT

Background: The effects of carbamide peroxide bleach on tooth structure arc uncertain.

Purpose: The purpose of this study was to investigate the effects of direct or indirect carbamide

peroxide application on dentin flexural strength and modulus in vitro.

Materials and Methods: Dentin bars were machined from bovine incisors and treated with

10% carbamide peroxide for 6 h/d for 14 days. Four groups were created, with eight bars in

each group: group 1—^direct bleach application only; group 2—indirect bleach application

only; group 3—direct bleach application followed by a 2-week storage in artificial saliva;

group 4—direct bleach application followed by a 2-week storage in artificial saliva and daily

topical fluoride treatments. The specimens' flexural strength and modulus were tested after

24 hours, and the results were compared with water controls using independent Mests {p < .05).

Results: Flexural strength results {in megapascals) for bleached versus control dentin (1 = 205

± 2 6 v s 2 1 5 ± 14, 2 - 2 5 7 ±25 vs 261 ± 1 4 , 3 = ! 8 0 ± 2 2 v s 193 ±36, 4 - J57 ± 18 vs 1S4 ± 11)

were significantly lower in group 4 {p = .005). Modulus results (in gigapascals) for bleached ver-

sus control dentin (1 = 10.7 i 1.4 vs 12.2 ± 0.6,2 = 14.2 ± 1.7 vs 14.4 ± 1.6, 3 = 10.0 ± 2.0 vs

10.9 ± 1.3, 4 = 9.0 ± 1.2 vs I I.I ± 1.0) were significantly lower in groups 1 and 4 (/> = .013 and

p = .003, respectively). There were no significant differences in strength and modulus results

between the bleached and control dentin in groups 2 and 3. A direct application of carbamide

peroxide to bovine dentin significantly decreased some dentin mechanical properties in vitro. An

indirect application of carbamide peroxide to dentin did not significantly decrease dentin

strength and stiffness.

CLINICAL SIGNIFICANCE

This in vitro study suggests that a bleaching treatment, when applied to the enamel of intact
teeth, does not significantly affect the mechanical properties of the underlying dentin. F^owever,
when applied directly to dentin in clinical situations such as root exposure or occlusal attrition,
the bleaching treatment may result in altered mechanical properties of dentin. The clinical conse-
quences of this observation are, however, unknown.

(7 Estbet Restor Dent 17:359-368, 2005)

^Restorative Dentistry. Faculty of Dentistry, University of Toronto, Toronto, ON, Canachi
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Vital tooth bleaching Is an
increasingly popular cosmetic

procedure in dentistry. Tbe at-hotne
bleaching procedure getierally
involves the application of a 10%
carbamide peroxide (or hydrogen
peroxide equivalent) product by the
patient to the surfaces of tbe teeth
for a period of 0.5 to 8.0 hours
daily over several weeks under the
supervision of a dentist. Clinical
studies have evaluated the at-bome
bleaching procedure for adverse
effects and effectiveness.'"' Labora-
tory studies have reported that
hydrogen peroxide and carbamide
peroxide bleaching agents cause
changes to the morphology and
hardness of the enamel surface, but
these studies are conflicting and sug-
gest changes primarily to the outer
few microns of enamel only.'̂ ""'̂
Hence, it is generally presumed tbat
the elective tootb bleaching proce-
dure causes no significant long-term
adverse effects to tooth structure.

Material strength is a measure of a
material's resistance to fracture and
can be represented by the flexural
strength parameter. Modulus para-
meters are a measure of the stiff-
ness of a material. Both strength
and modulus parameters are
affected by tbe stress field and
flaw distributitm witbin the struc-
ture, as well as by environmental
factors. It is important to deter-
mine the effects of carbamide per-
oxide bleacb on the structural
integrity of tbe dentiu beyond the
surface that is subjected to patient-
applied bleacb. Changes to dentin
beyond tbe surface, represented

partially by changes in flexural
strength and modulus of elasticity,
would be less reversible than
changes to the outer few microns
of enamel and dentin. Reported
values for flexural strength for
deutin range from 245 to
280 MPa.'" Reported values for
modulus of elasticity for dentin
range from 7 to 30 GPa.'''^'^ A pre-
vious study showed a significant
reduction in bovine dentin flexural
strength and modulus of elasticity
after a 2-week direct application
of 10% and 15% carbamide per-
oxide. ^̂  Chng and colleagues have
previously shown significant
decreases in the ultimate tensile
and micropuncb shear strengths
of dentin after an intracoronal
bleach application of 30% hydro-
gen peroxide.-"

Tbe aim of this study was to deter-
mine, in vitro, tbe effects of direct
and indirect carbamide peroxide
bleaching on tbe flexural strength
and modulus of elasticity of
dentin. This study also investigated
tbe effects of artificial saliva and a
topical fluoride gei on bleached
dentin to determine whether any
reductions in dentin mechanical
properties caused by the bleacb
treatment were reversible. Tbis
study should provide new informa-
tion relevant to tbe long-term
effects of vital tootb bleaching on
tootb structural integrity.

M A T E R I A L S A N D M E T H O D S

Dentin rectangular bar specimens
(« = 8/group) measuring approxi-
mately 20 X 2 X 2 mm were

machined from previously
extracted, cleaned, and frozen
bovine incisors using an Accutom
low-speed saw (Struers, Westlake,
OH, USA). Previous studies have
shown tbat frozen storage did not
significantly affect tbe tensile
strength of or tbe shear bond
strengths to bovine dentin.^ '̂-^ Tbe
incisors were extracted from cows
tbat were at a minimum age of
2 years old to ensure that tbe
incisors were large enough to
obtain specimens of tbe required
dimension. Tbe machined speci-
mens were stored in distilled water
at 4''C until tbe start of the immer-
sion protocol.

Opalescence (Ultradent Products
Inc, South Jordan, UT, USA; lot no.
5496; pH 6.4), a commercially
available at-home bleaching prod-
uct containing 10% carbamide per-
oxide, was used for all bleacb
immersion protocols in this investi-
gation. Four immersion protocols
were followed and are shown in
Table 1. During tbe bleacb immer-
sion period, tbe specimens were
completely surrounded by bleacb
(minimum 1 mm thickness) and
were stored at 37°C in an incubator
with > 80% relative humidity for
6 continuous hours. Following each
bleacb immersion period, tbe speci-
mens were rinsed tboroughly with
distilled water to remove all exter-
nal traces of tbe bleacb and were
then stored at 37°C in a container
of distilled water (pH 7.4) until the
following bleacb immersion. Tbe
bleacb immersion protocol was
repeated daily for 14 days.
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TABLE 1. PROTOCOLS FOR SPECIMEN AND POST-BLEACH TREATMENT
Immersion
Protocol
Group No.

i

Treatment
Application Method

Directly onto dentin

Directly onto dentin

Indirectly onto dentin
through enamel

Indirectly onto dentin
through enamel

Directly onto dentin
Directly onto dentin
Directly onto dentin

Directly onto dentin

Material Treatment

lO%CP6h/dfor2wk

DW 6 h/d for 2 wk

10%CP6h/dfor2wk

DW 6 h/d for 2 wk

10%CP6h/dfor2wk

DW 6 h/d for 2 wk

10%CP6h/dfor2wk

DW 6 h/d or 2 wk

Post-Bleach Treatment

Nil

Nil

Nil

Post-Bleach |
Storage Solution

Na
Nil

Nil

Nil

Nil

Nil

1.1% NaF30min/d
for 2 wk

l.l%NaF30min/d
for 2 wk

Nil

Artificial saliva

Artificial saliva

Artificial saliva

Artificial saliva

CP = carbamide peroxide; DW = distilled water {control).

To invesrigLitc the effecr of indirect

bleach application to dentin (as

opposed to the direct placement of

bleach on the dentin surface) and to

mimic a more clinically relevant sit-

uation., hieach was applied to rhe

enamel of intact incisors prior to

specimen preparation in group 2.

Intact incisors were placed in stor-

age bottles filled with distilled

water. The necks of each bottle

were fitted with wax so that the

root of the specimen, up to the

cementoenatnel junction., was

immersed in water while bleach

was applied to the enamel surface

(minimum 1 mm thickness). The

specimens were stored at 37°C in

an incuhator with > 807o relative

humidity for 6 continuous hours.

Following each bleach immersion,

the crowns of the specimens were

rinsed thoroughly with distilled

water to remove the bleach and the

teeth were then stored at 37°C in a

container of distilled water until the

next bleach immersion. The rectan-

gular dentin bar specimens were

machined 24 hours after the last

bleach mimcrsion.

To investigate the remineralization

potential of dentin in saliva and a

topically applied fluoride, speci-

mens from groups 3 and 4 were

subjected to a post-bleach treat-

ment. Following the initial 14-day

bleach immersion protocol, group 3

and 4 specimens were stored for 2

more weeks in an artificial saliva

solution (pH 7.0) in an incubator at

37°C with > 80% relative humidity,

without or with a daily topical fluo-

ride treatment, respectively.-' The

fluoride treatment consisted of

immersion into a plastic container

of fluoride (Neutragel, Germiphene

Corporation, Brantford, ON,

Canada; 1.1% NaF stabilized gel

base providing 0.5% fluoride ion;

pH 7) for 30 minutes daily for

2 weeks. The fluoridatioii time was

chosen to simulate the clinical

application of fluoride in bleaching

trays to treat tooth sensitivity dur-

ing bleach treatment. Following

each fluoride immersion, specimens

were rinsed thoroughly with dis-

tilled water to remove all external

traces of the fluoride gel. The artifi-

cial saliva solution that was used

for storage was changed once daily.

Control specimens (n = 8/group),

for which distilled water was used

instead of bleach, were included

for each immersion protocol

(groups 1-4).

The specimens' flexural strength

and modulus of elasticity were

tested 24 hours after the last bleach

or post-bleach treatment. The pre-

cise dimensions of the rectangular

dentin bar specimens were measured

using a digital micrometer to an

accuracy of 0.01 mm at three loca-

tions along the specimens" width
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and height. The specimens were

then subjected to a three-point-bend

test on a Model 4301 Universal uni-

axial servo mechanical testing

machine (Instron Corporation, Can-

ton, MA, USA) that applied force at

the center of the specimen at a

crosshead speed of 0.75 mm/min

{Figure 1). The specimens were

loaded in a parallel direction rela-

tive to the dentinal tubules in either

an "in-plane" or "antiplane" direc-

tion as described by Nalla and col-

leagues.̂ "^ The effect of tbe two

different directions of loading was

considered small since Nalla and

colleagues reported no significant

differences between tbe in-plane

parallel and antiplane parallel frac-

ture toughness of dentin.^''

Tbe mounting apparatus consisted

of two rods (2 mm in diameter),

mounted parallel with 17 mm

between the centers. During testing.

the mounting apparatus was

immersed in a 37 ± 1°C water batb.

Tbe maximum load supported by

tbe specimen prior to failure was

used to calculate flexural strength.

The straight line portion of the load-

deformation profile was used to cal-

culate the modulus of elasticity. The

flexural strength and modulus of

elasticity results of the bleached

specimens were compared with

those of the distilled water control

specimens were using independent t-

tests (p < .05). Analysis of variance

was additionally used to test for the

significance and interaction of the

factors, material and application

method for groups 1 and 2, and

material and post-bleach treatment

method for groups 3 and 4.

RESULTS

Figures 2 to 5 show the mean flex-

ural strength and modulus results

for groups 1 to 4. The flexural

Figure 1. Dertttit flexural strength and modulus test setup. The dentin
specimen is supported between two mounts tn this three-point-bend test.

modulus of elasticity was signifi-

cantly lower for the bleached speci-

mens compared with control

specimens in group 1 {p = .013).

Wben the bleacb treatment was

applied indirectly through intact

enamel in group 2, there were no

significant differences in the mean

flexural strength and modulus

results between the bleach and

control specimens {p = .721 and

p = .802, respectively). There were

no significant differences in tbe mean

flexural strength and modulus results

between the bleach and control

specimens after artificial saliva stor-

age (p = .384 and p = .361, respec-

tively). The flexural strength and

modulus of elasticity for the

bleached specimens were botb sig-

nificantly lower than the control

specimens in group 4 {p = .005

and p = .003, respectively).

The application method (direct vs

indirect) was a significant factor

without interaction for both flexural

strength and modulus results for

groups 1 and 2 (p < .0001). The

material (bleacb vs control) was a

significant factor without interaction

for both flexural strength and modu-

lus results for groups 3 and 4 (p = .010

and p = .028, respectively).

DISCUSSION

The results of this in vitro study

indicated some reduction in dentin

mechanical properties after the

direct application of 10% car-

bamide peroxide to dentin but not

after the indirect application of

10% carbamide peroxide to dentin.

362 JOURNAL Of ESTHETIC AND RESTORATIVE DENTISTRY



T \ \ l I I \ l .

The observed reduction in dentin

mechanical properties could also be

attributed to changes caused by car-

bamide peroxide in the inorganic or

organic component of dentin. Colla-

gen fibrils comprise 30% by volume

of dentin and act as the scaffold for

hydroxyapatite mineral. It is possi-

ble that some dentin demineraliza-

tion occurred as a result of the

exposure to the carbamide peroxide

bleach with a pH of 6.4. Studies
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Figure 1. Dentin flexural strength (FS) and modu-
lus (FM> results (mean and SD) comparing bleaehed
versus control for group I (direct application of
bleach for 1 weeks). The modulus of elasticity was
significantly lower for the bleached specimens com-
pared with control specimens ("sig," p = . 013).
"N.S. " denotes no significant difference ("p < .05)
between the bleach and control groups. CP = 10%
carbamide peroxide; DW = distilled water (control).
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Figure 3. Defitin flexural strength (FS) and modu-
lus (FM) results (mean and SD) comparing bleached
versus control for group 2 (indirect application of
bleach for 2 weeks). There were no significant dif-
ferences in the flexural strength and modulus results
between the bleach and control dentin specimens
(p = .721 and p = .802, respectively). "N.S." denotes
no significant difference (p < .OS) between the
bleach and c<mtrol groups. CP = 10% carbamide
peroxide; DW = distilled water (control).
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Figure 4. Dentin flexural strength (FS) and modu-
lus (FM) results (mean and SD) comparing bleached
versus control for group 3 (direct application of
bleach for 2 weeks followed by storage in artificial
saliva for 2 weeks). There were no significant differ-
ences in the flexural strength and modulus results
between the bleach and control dentin specimens
(p = .384 and p = .361, respectively). "N.S." denotes
no significant difference (p < .05) between the
bleach and control groups. CP = 10% carbamide
peroxide; DW - distilled water (control).
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Figure 5. Flexural strength (fS) and modulus (FM)
results (mean and SD) comparing bleached versus
control for group 4 (direct application of bleach for
2 weeks followed by storage in artificial saliva for
2 weeks with a daily topical fluoride treatment).
The flexural strength and modulus results were
significantly lower for the bleached specimens com-
pared with control specimens ("sig," p = .005 and
p = .003, respectively). CP = 10% carbamide perox-
ide; DW = distilled water (control).
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hiive reported chemical and physical

evidence of enamel and dentin dem-

ineralization to some degree follow-

ing bleach application.'^"'

Carbamide peroxide contains both

urea and hydrogen peroxide, and

both urea and hydrogen peroxide

(as an oxidant) have been associ-

ated with proteolytic activity.'**-'"'

With regard to enamel, it was

hypothesized that bleaching agents

containing urea and peroxide

affected the organic phase of

enamel.'"-'' Little is known about

the effects of hydrogen peroxide on

dentinal collagen. An attempt to

determine the effects of both

hydrogen peroxide and carbamide

peroxide on collagen is presently

underway in our laboratory.

Changes to dentinal collagen would

be of concern because these changes

would not be easily reversible.

The application of bleach to enamel.,

as opposed to dentin, is the common

clinical practice. When the bleach

treatment was applied to dentin indi-

rectly through intact enamel, there

were no significant differences

between the bleach and control

groups in dentin flexural strength

and modulus of elasticity results.

Within the limitations of this study,

the results indicate that a 2-week

bleaching regimen using 10% car-

bamide peroxide causes insignificant

changes to dentin mechanical prop-

erties when the bleach is applied to

the outer intact enamel surface. This

suggests that, although it has been

shown that peroxide penetrates

through enamel and dentin through

A capillary rise in enamel interpris-

matic spaces, convective mass trans-

fer, or classic molecular diffusion

based on a random molecular path,

and forms measurable amounts of

bleach within the totjth pulp., enamel

can reduce the effects of hydrogen

peroxide on dentin.̂ -"^"^

It was interesting to note that the

dentin flexural strength and modu-

lus of elasticity results were highest

in group 2 and lowest in groups 3

and 4. The results for flexural

strength for the dentin in group 2

in this study are similar to those

reported elsewhere.'' The results for

modulus of elasticity for the dentin

in group 2 in this study arc Itjwer

than that reported for human dentin

by Craig and colleagues but are

similar to those reported for bovine

dentin by Sano and colleagues.'**-^''

In a review of the mechanical prop-

erties of human dentin, similar low

values of modulus were attributed to

dentin mineral dissolution as a result

of specimen storage in water.^''

There is the potential for some

dentin demineralization to occur

during water storage because dis-

tilled water does not contain calcium

and phosphate ions.'^-'' It appears

that the length of specimen storage

time after specimen preparation

affected the dentin flexural strength

and modulus results in this study.

The length of specimen storage time

after specimen preparation was

longest in groups 3 and 4 and short-

est in group 2. The higher mean

strength and modulus results for

both the bleach and control speci-

mens in group 2 are likely related to

an effect of reduced water storage.

The treatments for both groups 3

and 4 were instituted to address the

question of whether the dentin

could be remineralized, on the

assumption that some demineraliza-

tion occurred during bleach expo-

sure, and whether any reduction in

dentin flexural strength and modu-

lus of elasticity caused by bleach

treatment could be reversed. The

additional 2-week storage period

without bleach treatment also

provided time for residual bleach

to diffuse out of the dentin.

Although the effects of residual

bleach have been shown to affect

subsequent bonding for approxi-

mately 1 week,'^-''' the effect of

residua! bleach on dentin mechani-

cal properties is unknown.

Saliva is normally supersaturated

with respect to hydroxyapatite at

neutral pH. ' Precipitates were

observed on enamel specimens

exposed to natural saliva after

tooth bleaching in vitro, and these

precipitates were presumed to occur

as a result of remineralization in

saliva.'*'' The remineralization

potential of saliva on bleached teeth

has been demonstrated by the

restoration of enamel microhard-

ness following the cessation of

bleach treatment.'*'-''- A similar

effect of saliva storage was also

shown on dentin microhardness

14 days after the cessation of

bleach treatment.'^' The results
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from this study do not suggest a
similar effect from a post-bleach
treatment of artificial saliva. The
"no significant difference" result in
the mean modulus of elasticity
between the bleached and control
groups in the specimens exposed to
artificial saliva in group 3 (com-
pared with the significantly lower
modulus in the bleached group than
in the control group without artifi-
cial saliva in group I) alone cannot
suggest mechanical property
restoration owing to artificial saliva
storage. The significantly reduced
flexural strength and modulus of
the bleach specimens compared
with the control specimens in group
4 do not indicate mechanical prop-
erty restoration owing to artificial
saliva storage in conjunction with
daily fluoride treatments.

Specimens from group 4 were fur-
ther given a daily neutral fluoride
treatment to form calcium fluoride
precipitates and facilitate reminer-
alization.'̂ '̂  In one study, it was
shown that fluoride treatment
prior to storage in artificial saliva
decreased the observed reduction
in enamel surface hardness follow-
ing bleaching.'*^ However, in other
studies, fluoride treatment could
not restore the structurally bound
fluoride or the erosion resistance
of bleached enamel to the levels of
unbleached enamel,'*^ or had no
significant effect on the hardness
of bleached enamel and dentin."*
Higher concentrations of fluoride
in solution are generally needed to
induce remineralization in dentin

than in enamel.'̂ ^ In this study,
daily fluoride treatments did not
restore the flexural strength and
modulus of the bleached dentin.
This result could partially be
explained by the timing of the
placement of the teeth into the flu-
oride and artificial saliva. Because
the teeth were not immersed into
the artificial saliva until after the
fluoride application, there was lit-
tle calcium available for remineral-
ization during the time of fluoride
application. A better experimental
design to study the effect of fluo-
ride on bleached dentin would
have included the application of
fluoride (such as a fluoride var-
nish) in conjunction with the
immersion into artificial saliva.
The fluoride treatment on the
bleached dentin may also have the
effect of hampering ionic diffusion
during artificial saliva storage. A
similar impaired ionic diffusion
was speculated as a result of
dentin demineralization by Kleter
and colleagues.'*'̂

Since these data were collected from
groups of specimens with different
storage times and mediums, a com-
parison of means among the differ-
ent groups with different storage
conditions should be made cau-
tiously. A better match of the stor-
age conditions among the different
groups would have provided better
information to assess the effects of
fluoride or artificial saliva storage.
Storage of the prepared dentin spec-
imens in artificial saliva on a daily
basis between bleach applications

also would have provided a more
clinically relevant situation.

Previous studies and this study have
used strength tests to assess the
effects of bleach in dentin structural
integrity.'^--" Strength tests, how-
ever, are nominal values that are
highly influenced by specimen
geometry and loading variables.
The fracture toughness parameter
measures a material's resistance to
crack propagation and better quan-
tifies the tooth's resistance to frac-
ture than does a conventional
strength test. The fracture tough-
ness test has been used on enamel
and a decrease in the fracture
toughness of enamel was reported
after bleaching.''"- '̂ We plan to use
the fracture toughness test to assess
the effects of bleach on tooth struc-
ture using human dentin and stan-
dardized specimen bleach and
storage conditions in future studies.

CONCLUSIONS

A direct application of 10% car-
bamide peroxide to bovine dentin
significantly decreased the dentin's
flexural strength and modulus of
elasticity under specific in vitro test
conditions for some groups. An
indirect application of 10% car-
bamide peroxide onto the enamel
of intact bovine incisors did not sig-
nificantly decrease the flexural
sttength and modulus of elasticity
of bovine dentin.

This in vitro study suggests that a
2-week 10% carbamide peroxide
bleaching treatment does not signif-
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icantly affecr the flexural strength

and modulus of dentin when the

carhamidt' peroxide is appMed to

the enamel of intact teeth. How-

ever, the effect of a 2-week 10%

carbamide peroxide bleaching treat-

ment on dentin mechanical proper-

ties after direct application in

clinical situations such as root

exposure or occlusal attrition

requires l-urther study-

7. McGuckin RS, Babin jF, Meyer BJ. Alter-
ations ill human enamel surface morphol-
ogy following vital bleaching, j Prosthet
Dent 1992; 68:754-760.

S. /alkind M. Arwaz jR, Goldman A,
Rotsteiii I. Surface morphology changes
in human enamel, denrin and cementum
following bleaching: a scanning electron
microscopy study. l-,ndod Dent Traumatol

; 12:82-88.

D i s c [ . O S U R K A N D
A( KNO\V[ KDCMFNTS

The authors do not have financial

interests in the companies whose

materials are mentioned in this

article.

This research was supported hy an

AAED research grant. The bleach

products were generously provided

by Ultradent Products Inc, South

Jordan, UT, USA.

RKl [-.kl-NCES

1. H.iywood VB, Leonard KH. Nelson CF,
Brunsoti WD. K f feet i veil ess, side effects
and long-term status ut niglitguard vital
bleaching. J Am Dent Assoc 1994;
125:1219-^1226.

2. l.coniird MJ. Kfficacy, longevity, sidf
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COMMENTARY

I-I.HXURAI. STRENGTH AND MODULUS PROI'FRTIFS OF CARBAMIDE

I'FROXIDE-TREATFD BOVINF DENTIN

Srephen C. Bayiie, MS,

Tam and colleagues deserve special credit for rrying to sort out some ot the potential problems of bleaching regimes on

the structural integrity of tootb structure. This study is well-organized., diligent in including appropriate controls, and

carefully conducted. That said, it also begs a couple of other unresolved questions that should be emphasized: (1 > What

is the best model for testing undesirable bleaching effects on tooth strticture? (2) What is the best laboratory test for

detecting these changes?

Dentin is a wonderfully complex and resilient tissue often distinguished from enamel as being connected to the pulp

through odontohliistic processes. As such., it is capable of responding to challenges by remodeling itself. In a practical

sense, this means that structural problems that arise during function or exposure to challenges such as bleaching might

be repaired. That is good. Since we do not understand the way that might happen or how fast it might happen., one

might be tempted to overreact to any negative changes that arise in laboratory tests that would not include considera-

tions of actual physiologic recovery.

'Professor, Department of Operative Dentistry. UNC School of Dentistry, Chapel Hill, NC, USA
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