Alterations in enamel surface morphology after
using six bleaching products -
A scanning electron microscope study
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The purpose of this study was to analyze the effect of six bleaching products on enamel surface morphology using
scanning electron microscope (SEM). The crowns of eleven human premolars recently extracted were sectioned
mesiodistally using water-cooled slow speed diamond saw. Twenty-one dental fragments were divided into seven
groups as per treatment modality (n = 3): Opalescence Xtra for office bleaching (35% hydrogen peroxide), two
professional home bleaching products: Nite White (16% carbamide peroxide) and Bleach 10 (10% carbamide peroxide),
three over the counter bleaching systems: Rapid White gel, Rapid White 2 Steps Brush On (non peroxide bleaching
products) and Natural White gel (hydrogen peroxide concentration is not indicated). The seventh group was stored in
artificial saliva to serve as control. The bleaching procedures were conducted on enamel surfaces according to
manufacturer’s instructions. The office bleaching procedure was conducted once weekly for two weeks and the
other home bleaching procedures were conducted daily for two weeks. Following each bleaching session, the
specimens were kept in artificial saliva. Control specimens were kept in artificial saliva for two weeks at 37 9C. After
2 weeks, the specimens were examinated for surface changes with scanning electron microscope. The SEM
showed enamel surface alterations on all surfaces treated with all the bleaching agents used in this study. However,
enamel surfaces treated with 35% hydrogen peroxide showed the most significant changes with increase in surface
pores and big areas of surface destruction. Surface alterations caused by the other products were not uniform,
occurring with varying intensity.
INTRODUCTION or “night-guard” vital bleaching uses 10-
20% carbamide peroxide in a custom-

Esthetic dentistry, particularly tooth =~ made mouth-guard worn at patient’s

whitening, is one of the most rapidly
growing treatment areas in dentistry.!
The so-called “in-office” tooth bleaching
technique requires the use of 30-35%
hydrogen peroxide and direct monitoring
by dentists.? At home, tooth bleaching
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convenience daily for several weeks.

Hydrogen peroxide diffuses through the
organic matrix of enamel and dentin
because of its low molecular weight.?
Peroxide decomposes into free radicals
that attack the organic molecule releasing
other radicals. These radicals break down
large pigmented molecules responsible
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for color stain in enamel into smaller less
pigmented molecules.* The chemistry of
carbamide peroxide used in at-home
bleaching is thought to be a bit different
from hydrogen peroxide, although the final
stage involves reaction of hydrogen
peroxide with the compounds within the
tooth. A solution of carbamide peroxide
breaks down into hydrogen peroxide and
urea. Both hydrogen peroxide and urea
access the internal tooth in minutes to
remove discoloration and brighten the
inherent color of the dentin itself.®

The reduced cost and convenient use
of the professional at-home bleaching
agents led to the introduction of over-the-
counter (OTC) tooth whitening products.
Some of these OTC products are tray-
delivered systems. These systems must
be used with caution because ready made
ill-fitting trays can lead to soft tissue
injury, malocclusion problems and poor
compliance.®” Some of these OTC products
contain, among other ingredients,
approximately 10% carbamide peroxide in
anhydrous glycerol base.®

Despite the favorable results achieved
with in-office and at-home bleaching
products, some reports in the literature
have indicated adverse side effects as a
consequence of the treatment.®!°
Sensitivity following the treatment has
been related to the possible removal of
mineral content from enamel and
dentin.® Pinto et al.!® found significant
surface alterations in enamel topography
following enamel bleaching with 10%
carbamide peroxide. However, White et
al.!! showed no change in surface
morphology of human enamel outside of
normal variations using SEM.

The purpose of this study was to test
the effect of one office bleaching gel (35%
hydrogen peroxide), professional home
bleaching gels (10% and 16% carbamide
peroxide) and some OTC home tooth
whitening products on enamel surface
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texture wusing scanning electron
microscope (SEM).

MATERIALS AND METHODS

Specimens Preparation

Eleven non-carious, human premolar
that were recently extracted for
periodontal reasons, were immediately
stored in saline at 37 ©C. The teeth were
submitted to soft-tissue debridement with
periodontal curettes and cleaned with
slurry of pumice using rubber cup in slow
speed handpiece. The roots were removed
approximately 2-3 mm apical to the
cemento enamel junction. Then the
crowns were sectioned mesiodistaly
using water-cooled slow speed diamond
saw. Twenty-one dental fragments from
buccal and lingual (4 x 4 x 3 mm) enamel
surfaces were obtained. The specimens
were then randomly divided into seven
groups each group containing three
specimens. Enamel surfaces in each
group were treated with one of bleaching
products according to manufacturers’
instructions. The bleaching materials
tested in this study, their composition,
and manufacturers are presented in
Table 1.

Exposure of the Specimens to the
Bleaching Agents

Specimens in the first group (in-office
bleaching) were coated with Opalescence
Xtra gel then they were exposed to a
Heliolux light-curing unit* for 20 seconds.
After 5 minutes, the activation was
repeated. After 10 minutes cumulative
activation, the gel was removed by suction
only, and then the specimens were rinsed
with deionized water and stored for 1 week
in artificial saliva which had a
composition shown in Table 2. The same
procedure was repeated again after
one week.

* Vivadent USA, Amherst, NY 14228, USA
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Table 1. Blagching matarials used n the sludy and thair
compoaition.

Material Compasition
Opaleacence X, I 35% tpdmigan poroxides
office powar Bigach  powder  blesching  Carolena
Ultra Dent Prodiscts (light absorbing  haat-acinaded
Inc. BOS Wast 10200 chemsiry)

Saulh, Saulh Jardan,

Litah 4005, LISA

Bisach 10, Promadica 10% carbamide pamdde
Domagkeir 31 24537  polessiem heorida
Neumunsaler,

Germany

Mita-White whileping- 16%  carbamida  pareie,
gel, Discus Dendsl polyethylans giyool, propylens
B550, Higuera Sireet glycol, Iparaxypolicaliuos,
Culver Cily, carbopol, figvor, sodiurm
(OABOEES, LISA hydromdn _
Whits  Ine, 175 474 P Aroma sodium hydmxice,
Coapar  Awenue. cithic acid mety! paraten
Tonwaanda, Accslacator: Stabilized chionne
w:nm.w dioxide

Hn.p-lﬂ Whita-Brush Gal; Water, glycenn, carbomar,
On Natural White nc., polsorbate 20 cilic  arid
175 Coopar Avenum, flavor, methyl paraben, sodium

Tonawarida, hydrooida

WY 14180, LI5A Aooelerabor:  watar,  sodium
chiorite, ganthan guam,
caragesnan, sodium benzoae,
meifndparaben, propyiparaben

Matural Whise Watar,  glycorin,  carbomer

Hafural While Ing, 874F.  Madrogen  pamskio

176 sooper Avenus, [concaniration nol  indeated),
Tonawanda, mnanium  wdroekda,  sodium
WY 14150, UBA stannala
: Oval Rinsa:  Wamr, &D
alcohol 3RE, aarbital, socum
mcarbonele, polaxamer 407,
podium saccharin, FO& C Blua
#1

Tabla 2. Campoaition of the arificial sallva used in the
shudy

NaCE I:I.'I-W.gm
Ko 01,400 gm
CaCLHL0 0,785 gm
WaHaP Oy, HgO .65 gm
Nag 5. BHZO 0,005 gm
Diistilled watar 1000 mi

ALTERATIONS IN ENAMEL SURFACE MORPHOLOGY

In the second and third groups
(professional home bleaching) test
specimens were coated with Bleach 10
and Nite White, for 4 hours daily for two
weeks as recommended by the
manufacturers. After each exposure, the
specimens were rinsed with deionized
water and stored in artificial saliva till the
next exposure.

In the fourth and fifth groups, (Rapid
White bleaching gel and Rapid White 2
Steps Brush On), the Rapid White
accelerator was applied to the surface of
the teeth followed by the whitening
material. The gel and the brushing
material were left on the teeth for 10
minutes and for 30 seconds, respectively.
The specimens were then rinsed with
deionized water and stored in artificial
saliva. Natural White bleaching gel was
placed on enamel surfaces in the sixth
group for 15 minutes daily. After each
exposure the teeth were rinsed first with
deionized water then with the oral rinse
included in the kit before their storage in
artificial saliva. The application of all OTC
home-bleaching gels to enamel samples
was also, repeated daily for 15 days before
testing. The seventh group served as
control, no bleaching treatment was
performed and the specimens were kept
in artificial saliva for 15 days at 37°C.

When the bleaching regimens were
completed, the enamel of each specimen
was desiccated and coated with
approximately 500 um of gold.** All
specimens were then examined at 500X
and 2000X magnifications with SEM.***

RESULTS

SEM analysis of the surfaces treated
with the different bleaching systems
showed different patterns. Figure 1
showed the surfaces of unbleached
enamel (control). No alteration of enamel
pattern was evident, however, scattered

** E5000 Polaron, Hatfield, PA, USA
***JSM, 6360 LV, JEOL Corp., Peabody, Massachusetts.
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Fig. 1. SEM of enamel specimens stored in artificial saliva
(Control) No alteration of enamel pattern was evident,
scattered bacteria were seen on the surface.

bacteria were seen on the surface. Enamel
surfaces treated with Opalescence Xtra
showed the most significant alteration.
Big areas of enamel destruction, an
increase in surface porosity and etching
like appearance were seen (Fig. 2).
Apparent increase in surface porosity was
also, observed on surfaces treated with Nite
White (Fig. 3) and Rapid White (Fig. 4).
However, surfaces treated with Nite White
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Fig. 2. SEM of enamel specimens treated with
Opalescence Xtra (in-offi ce bleaching, 35% hydrogen
peroxide). Big areas of enamel destruction and increase
in surface porosity.

showed presence of white shiny areas
around the pores. On the other hand, at
high magnification (2000x) Rapid white
showed presence of round globules inside
the pores. A precipitate was noted on the
surface treated with Bleach 10 giving it a
frosted appearance. The precipitate was
so dense that it obscured the surface
morphology of enamel (Fig. 5). Irregular
pattern of enamel erosion was evident in
specimens treated with Natural White,
with less porosity than the previous
systems and with some precipitate on the
surface (Fig. 6). At lower magnification

The Saudi Dental Journal, Volume 18, No. 1, January - April 2006
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Fig. 3. SEM of enamel specimens treated with Nite White
(home bleaching, 16% carbamide peroxide). Increase in
surface porosity and presence of white shiny areas
around the pores.

(500%) Rapid White Brush On bleaching
system, showed the least changes in
surface morphology. However, at higher
magnification (2000x) enamel surface
showed shallow depressions with some
residual debris (Fig. 7).

DISCUSSION

Concern has been expressed regarding
the effects of the bleaching products on

ALTERATIONS IN ENAMEL SURFACE MORPHOLOGY

XEOOL  SBum B4 ZE

Fig. 4. SEM of enamel specimens treated with Rapid
White (OTC home bleaching). Apparent increase in
surface porosity

enamel surfaces.'? Although several
scanning electron microscope studies
have been conducted on enamel surfaces
treated with different concentrations of
carbamide peroxide, there is contradictory
evidence of the negative effects on
enamel surface morphology.’*!* In this
study enamel surfaces bleached with
Opalescence Xtra caused the most
significant alteration in enamel surfaces.
The big areas of surface destruction and
the apparent increase in surface porosity,
caused by 35% hydrogen peroxide, were

The Saudi Dental Journal, Volume 18, No. 1, January - April 2006
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Fig. 5. SEM of enamel specimens treated with Bleach
10 (home bleaching, 10% carbamide peroxide). A
precipitate was noted on the surface giving it a
frosted appearance

also noticed in other studies.!>!® These
morphologic changes seemed to be as a
result of partial removal of superficial
layer of enamel, which is related to
removal of organic precipitates, organic
matrix of enamel and surface minerals.!®
Loss of minerals after treatment with
different concentrations of carbamide
peroxide such as 10% and 16% was also
the finding of other studies.!”!® Flaitz et
al.* showed that different concentrations
of carbamide peroxide can remove
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Fig. 6. SEM of enamel specimens treated with Natural
White (OTC home bleaching). Irregular pattern of enamel
erosion was evident with some precipitate on the surface.

mineral structures from enamel, causing
morphological alterations with different
forms and intensity and can reach to the
subsurface. In another study, Cimilli et
al.'? verified that different bleaching agents
have been known to lower the Ca and P
level in human enamel. Nevertheless, the
morphological alterations in surfaces
treated with the 10% carbamide peroxide
(Bleach 10) and the 16% carbamide
peroxide (Nite White) bleaching gels in
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Fig. 7. SEM of enamel specimens treated with Rapid
White Brush on (OTC home bleaching). Enamel surface
showed shallow depressions with some residual debris

this study were different. The presence of
precipitates that give frosted appearance
to enamel surfaces treated with Bleach
10 probably due to the remineralization
potential of the artificial saliva. Cyclic
demineralization-remineralization
phases associated with alternate exposure
to the bleaching gels and artificial saliva,
which contains calcium and phosphorus,
was observed.?° Bleach 10 also, contains
fluoride, which will form CaF, like

material. This material may be deposited
on the surface of enamel sealing the
surface.?! The shiny white areas noticed
on surfaces treated with Nite White were
observed in another study'!® where they
described these areas as “edge effect” a
contrast factor for the SEM, which is
generated from protrusions and
circumferences of objects on specimen
surface, causing them to appear brighter
than do even surfaces.

Although Natural White bleaching
gel contains hydrogen peroxide,
(concentration is not indicated by the
manufacturer), surface erosion and
increase in surface pores was less evident
in the SEM than the enamel surfaces
treated with the 10% and 16% carbamide
peroxide. This can be attributed to two
factors. First, the time of exposure of
enamel surfaces to Natural White gel was
only 15 minutes daily, however, enamel
surfaces were treated with 10% carbamide
peroxide and the 16% carbamide peroxide
for 4 hours daily as recommended by the
manufactures. Second, the oral rinse that
was recommended by the manufacture to
be used after each exposure to Natural
White gel contains sodium bicarbonate.
This oral rinse in addition to the artificial
saliva used in this study could protect the
enamel surfaces treated with this type of
gel.?0

Rapid White and Rapid White Brush On
bleaching gels are non peroxide agents.
However, SEM showed changes in surface
topography of enamel surfaces treated
with these systems. The SEM of enamel
surfaces treated with Rapid White
bleaching gel showed more pores than the
other two OTC products. This could be due
to the presence of citric acid among the
other components in Rapid White gel.
Citric acid is known to demonstrate an
erosive potential and softening effect on
dental hard tissues.?? Nevertheless, the
round globules observed inside the pits
in the SEM in this study are

The Saudi Dental Journal, Volume 18, No. 1, January - April 2006



AWLIYA et al.

possibly related to the remineralization
potential of the artificial saliva. It might
be speculated that these particles could
block diffusion paths in enamel after
bleaching, reversing the tooth
hypersensitivity that sometimes occurs
during the vital bleaching process.?® The
minor alterations that were observed in
the SEM on enamel surfaces treated with
Rapid White Brush On bleaching system
may be related to other components in the
gel. Glycerin, which is one component in
Rapid White Brush On bleaching gel, could
act as a demineralizing agent or as
impermeable barrier, inhibiting the
penetration of artificial saliva through the
enamel surfaces.?* The debris that was
noticed on enamel surfaces might
represent minerals, mobilized from prism
peripheries deposited on the surfaces.

The SEM of the enamel surfaces
treated with different bleaching products
in this study showed morphological
alterations of varying intensities.
Nevertheless, the buffering capacity of
saliva, the remineralization potential of
saliva, oral hygiene, and the use of topical
fluoride might overcome the detrimental
effect of the bleaching products.?%26
However, when teeth are to be whitened,
it would be prudent to use a product and
technique that are as efficacious as
possible but which cause minimal side
effect. Minor alterations of the enamel
may permit future penetration of bacteria,
debris or staining substances (coffee and
tea), affecting the success of bleaching.!®
This emphasizes that at-home bleaching
agents require professional supervision to
ensure correct selection of the bleaching
agent, proper application, recommended
amount of gel/paste, length of treatment
and steps to prevent adverse reaction.

CONCLUSIONS

1. The SEM of all surfaces treated with
the different bleaching products, used
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in this study, showed surface
alterations in enamel topography with
varying intensities.

2. Hydrogen peroxide (35%) caused the
most alteration in enamel morphology
in this study.

3. The presence of fluoride in the
bleaching product together with the
remineralization potential of saliva
overcome the demineralization
caused by the bleaching product, as
seen with enamel surfaces treated
with Bleach 10.

4. Although the changes caused by the
OTC bleaching products used in this
study on enamel surfaces were less
evident than the other professional
products, it is recommended that all
bleaching products used under
professional supervision.
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