
INTRODUCTION

Nowadays, various commercial bleaching products are
commonly used at home and in the dental clinic.
Most commercial products include carbamide perox-
ide-based gels, and are usually applied with a prefab-
ricated tray to the external surfaces of teeth.
Carbamide peroxide（CP） is available in concentra-
tions varying between 3 and 50％1－3）. Popular com-
mercial preparations contain about 10％ CP and have
an average pH of 5 to 6.5. The bleaching procedure
takes place with CP decomposed into 6.4％ urea, am-
monia, carbon dioxide, and approximately 3.6％ hy-
drogen peroxide4,5）. Against this background, con-
trolled mouthguard bleaching procedures are consid-
ered relatively safe with regard to systemic effects.

However, of late, some controversy has arisen re-
garding their effect on restorative materials. To this
controversy, several studies have allayed the related
fears and concerns by reporting no significant
changes6－9）. Hummert et al.6） suggested that when
amalgam was exposed to 10％ CP bleaching solution,
mercury was released － but the amount was not sig-
nificant according to World Health Organization
（WHO） guidelines. Likewise, Rotstein et al.7） re-
ported that increased mercury levels were found in
solution after treatment with CP, but the increase
did not exceed the WHO guidelines for mercury expo-
sure. Ulukapi et al.8） demonstrated that bleaching
with carbamide might alter the marginal leakage of
resin composite restorations, but the amalgam resto-

rations were not affected adversely in vitro.
Schemehorn et al.9） also showed that there were no
significant effects of 6％ hydrogen peroxide gel on
the surface morphology of any of the admixed high-
copper amalgams and hybrid resin composites. Nev-
ertheless, a number of other researchers have indi-
cated that the physical properties of certain perma-
nent and temporary restorative materials were ad-
versely affected10,11）. Haywood11） reported green dis-
coloration of the tooth-amalgam interface after using
10％ CP bleaching for four months, and that this dis-
coloration depended on amalgam brand and CP con-
centration. Additionally, some concern has been
raised over bleaching agents causing adverse effects
such as irritation to the gastric and respiratory
mucosa when swallowed; alteration of the morphol-
ogy and chemical composition of enamel, dentin, and
cementum; and damage to composite restorations by
softening and cracking the resin matrix12,13）.

Dental amalgams are generally intermetallic
compounds of mercury, silver, tin, and copper14,15）.
Sometimes, other selected metals － such as zinc or
palladium16）－ are added. Amalgam may be particu-
larly susceptible to the strong oxidizing action of hy-
drogen peroxide17）. Nevertheless, amalgam is still the
most widely used restorative material for premolars
and molars, and patients undergoing mouthguard
bleaching are likely to have amalgam-restored teeth.
Although bleaching gels are usually applied to the
anterior dentition, excess bleaching material may in-
advertently make contact with restored premolars
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and molars and may increase the susceptibility of
these amalgam restorations to corrosion and degra-
dation. Thus, the interaction between amalgam and
materials used for vital bleaching is of clinical sig-
nificance. Despite the general, widespread use of
tooth-whitening products, their efficacy and effects
on the physical or chemical properties of dental
amalgam still need to be verified.

The aim of the current study, therefore, was to
explore the effect of a 10％ CP bleaching agent on re-
lease of inorganic substances such as tin, copper, sil-
ver, zinc, and mercury ions and to examine changes
in the amalgam surface.

MATERIALS AND METHODS

Two types of commercially available dental amalgam
were selected for this study: SDI（Southern Dental
Industries Ltd., Bayswater, Victoria, Australia）and
Valiant Ph.D. （Dentsply Caulk Co., Milford, DE,
USA）. Each amalgam was prepared according to the
manufacturer’s instructions with a proportionate cap-
sule and an amalgamator. Freshly prepared mix was
condensed into an acrylic plastic mold 7 mm in di-
ameter and 2 mm in depth. After 30 minutes, sam-
ples were removed from mold and immersed in dis-
tilled water for 48 hours. All specimens were highly
polished with sandpaper（＃800, ＃1,000, ＃2,000）and
diamond paste（6μm, 3μm, 1μm, and 0.1μm） for
surface standardization. Sixty specimens were then
randomly divided into two groups: 30 specimens for
control, and 30 for the experimental group where
10％ CP was used as the bleaching material. While
the control group was not bleached and only stored
in distilled water for 14 days, the experimental group
was exposed to CP for six hours per day for 14 days.
The 10％ CP was prepared by dissolving CP powder
（Sigma, St Louis, MO, USA）in distilled water（pH
6.5）.

Recommended exposure time was six hours per
day in a mouthguard for seven days or 14 days.
Hence, the numbers of ions released from the speci-
mens were determined at 42 hours（6 hours × 7
days）and 84 hours（6 hours × 14 days）after 10％
CP bleaching. All specimens were soaked in individ-
ual plates containing 5 ml of each solution. After
bleaching, specimens were cleaned and dried for an
hour at room temperature. Tin, copper, silver, and
zinc ions in the soaking solutions were determined
using an inductively coupled plasma atomic emission
spectrophotometer（ICP-AES, JY38 Plus, Jobin-Yvon,
France）, and mercury was determined with an auto-
matic mercury analyzer （FIMS-400, Bodenseewerk
perkin-Elmer, Germany）.

All specimens were assessed with a micro-
hardness tester （MXT-α7, Matsuzawa Co. Ltd.,
Japan）to detect changes in the surface hardness of
the dental amalgams during the bleaching process at

0, 7, and 14 days.
A colorimeter （TC-8600A, Nippon Denshoku,

Japan）was used to detect color changes before（0
day）and after bleaching（14 days）. During baseline
measurement, three measurements were performed
for each specimen, and the mean of the readings was
calculated. Next, the mean of each material was cal-
culated using the CIE Lab uniform color scale18）.
The color characteristics of all specimens were com-
pared to a white standard, which was a pressed pow-
der tablet of barium sulfate. Magnitude of total
color difference was represented by a single number,
ΔE＊, which was calculated using the following equa-
tion:

ΔE＊＝｛（ΔL＊）2＋（Δa＊）2＋（Δb＊）2｝1/2

where L＊ represents lightness, a＊ redness-greenness,
and b＊ yellowness-blueness.

Additionally, color change ΔE＊ has been quanti-
fied by the National Bureau of Standards（NBS）19）,
according to NBS units of color difference. NBS
units are expressed by the following formula:

NBS unit＝ΔE＊×0.92

The three-dimensional surface topography of
amalgam surfaces was measured using atomic force
microscopy（AFM, Nanoscope III Multimode, Digital
Instruments Inc., USA）at 14 days. Roughness was
measured on a 5μm×5μm flat area, 3.6μm in height
on the amalgam surface.

All collected data were analyzed with SAS 8.01.
Differences between the two groups were then com-
pared by Wilcoxon’s rank sum test and repeated
measures ANOVA at significance level of 0.05.

RESULTS

Tables 1 and 2 show the concentrations of metal ions
in 10％ CP. No ions were released in the control
group. In the experimental group, copper, tin, and
mercury ions were detected from the two types of
amalgam in the 10％ CP solution, while silver and
zinc ions were not detected. Further, the concentra-
tions of copper, tin, and mercury in the solution
gradually increased as the immersion period of both
amalgams increased from 42 to 84 hours. There was
a significant increase in copper level up to 4.25 times
for SDI（Table 1）. There were also significant in-
creases in tin and copper levels up to 1.22 and 1.4
times for Valiant Ph.D（Table 2）.

Table 3 shows the microhardness values（VHN）

of the control and 10％ CP bleaching groups at 0, 7,
and 14 days. There were no statistical differences in
VHN between the control and 10％ CP bleaching
groups in all amalgams.

Table 4 shows the color changes of the two
amalgam types after 10％ CP bleaching treatment for
14 days. Mean of color change was calculated using
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the CIE lab uniform color scale. Following which,
the mean ΔE＊ values of all amalgams were also con-
verted to NBS units to reveal whether color changes
of amalgams were clinically detectable. ΔE＊ level
and NBS units less than 3.3 is considered clinically
insignificant. Hence, although there were slight dif-
ferences in color change and NBS units between the
two amalgam types, these differences were not statis-
tically significant.

Fig. 1 shows the AFM images of the 3D surface
topography of amalgams in the control and 10％ CP
bleaching groups after 14 days. No differences were
observed between the control and 10％ CP bleaching
groups on any of the amalgams tested. For SDI,
mean surface roughness（Ra） values corresponding
to the control and 10％ CP bleaching groups were
7.875 nm and 7.473 nm respectively. For Valiant
Ph.D., similar results were observed where Ra values
corresponding to the control and 10％ CP bleaching
groups were 9.011 nm and 10.531 nm respectively.

DISCUSSION

Carbamide peroxide is synonymous with urea perox-
ide, hydrogen peroxide carbamide, and perhydrol
urea. The usual tray bleaching method uses 10 to
15％ carbamide peroxide decomposing into 3 to 5％
hydrogen peroxide and 7 to 10％ urea once the solu-
tion comes into contact with moisture4,5）. Hydrogen
peroxide is the active ingredient contained in the
bleaching agent. For example, 10％ carbamide perox-
ide is equivalent to about 3.5％ hydrogen peroxide.
This content of hydrogen peroxide is equivalent to
one-tenth of 35％ hydrogen peroxide. A concentra-
tion of 30-35％ hydrogen peroxide is widely used for
in-office teeth bleaching treatments20）, whereby one
hour per week for two to four appointments is a
common routine. On the other hand, 10％ carbamide
peroxide generally requires two weeks of at-home
bleaching because of the lower hydrogen peroxide
concentration. Nonetheless, nightguard vital bleach-
ing became popular due to its simplicity. This
method was first described and published by
Haywood and Heymann1）, where 10 to 15％
carbamide peroxide was used in a custom-made
mouthguard for several weeks. Nowadays, these sys-
tems use 10％ carbamide peroxide with
carboxypolymethylene polymer as a thickening agent
to improve tissue adherence and for sustained release
of the whitening agent.

From our results, it appeared that the two amal-
gam brands tested released ions after 42 and 84
hours of exposure to CP. Although the 84-hour con-
tinuous exposure is longer than the usual
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Table 1 Concentrations of metal ions in 10％ CP solution

from SDI at 42 and 84 hours（μg/ml）

SDI

42 hours 84 hours

Sn

Cu＊

Hg

3.78±0.82

0.04±0.05

0.59±0.19

4.24±0.96

0.17±0.07

0.83±0.08

Values are indicated as mean ± SD.
＊p＜0.05

Table 2 Concentrations of metal ions in 10％ CP solution

from Valiant Ph.D. at 42 and 84 hours（μg/ml）

Valiant Ph.D.

42 hours 84 hours

Sn＊

Cu＊

Hg

5.76±0.71

0.88±0.12

0.20±0.03

7.00±1.26

1.23±0.44

0.23±0.03

Values are indicated as mean ± SD.
＊p＜0.05

Table 3 Change of microhardness（VHN）of SDI and Valiant Ph.D. with time

SDI Valiant Ph.D.

DW 10％ CP DW 10％ CP

0 Day

7 Days

14 Days

88.37±2.68

88.57±2.40

88.57±3.48

88.88±3.19

88.17±4.33

87.17±3.37

122.13±3.26

121.67±2.64

121.27±1.42

121.11±3.21

121.26±3.56

121.42±3.37

Values are indicated as mean ± SD.

No statistically significant differences exist according to repeated measures ANOVA

（p＞0.05）.

Table 4 Color changes and NBS units of each amalgam

SDI Valiant Ph.D.

DW

10％ CP

0.79±0.28（0.73）

1.80±1.00（1.66）

0.56±0.32（0.52）

2.20±0.36（2.02）

Values are indicated as mean ± SD.

（ ）: Critical remarks of color difference by NBS system.

No statistically significant differences exist according to

Wilcoxon’s rank sum test（p＞0.05）.



intermittent exposure in patients, the results re-
ported here are of clinical significance. The current
results demonstrated that metal ion release from
dental amalgams was dependent on exposure dura-
tion, and that the amount of metal ions released var-
ied among different amalgam brands; however, there
was no significant increase in mercury. Moreover,
the increase in mercury amount was not alarming
when viewed
in terms of the WHO guidelines（0.3 mg/week/per-
son）21） for mercury exposure. Our results supported
the reports of Hummert et al.6） and Lee et al.22）

which demonstrated higher amount of mercury in so-
lutions of CP-treated amalgam as compared with
DW. These researchers also showed variations in ion
release among different amalgam brands. Addition-
ally, in the current study, copper release levels were
not related to mercury － an observation similar to
the results obtained by Ferracane et al.23）. Nonethe-
less, although the amount of mercury was lower
than the WHO guideline, clinicians and patients must
exercise caution and take measures to minimize unde-
sirable mercury release.

In our study, the amount of tin ions released
from the two types of amalgam（SDI: 4.24μg/ml;
Valiant Ph.D.: 7.00μg/ml）was much lower than the
figure recommended in WHO guideline24）. According
to the WHO guideline, the most common adverse ef-
fect of tin on humans is acute gastric irritation.
However, to date, no evidence of adverse effects asso-
ciated with chronic exposure to tin has been re-
ported. Meanwhile, copper is an essential nutrient
for humans, and the recommended minimum amount
is 0.9 mg/day for both adult men and women. In
our current study, the amounts of copper ions re-
leased from the two types of amalgam（SDI: 0.17μg/
ml; Valiant Ph.D.: 1.23μg/ml）were well within the
range recommended by the guideline of the National
Academy of Sciences’ Food and Nutrition Board
（NASFNB）25）, i.e., no more than 10 mg/day.

Colorimetry is a branch of color science and is
based on the digital expression of the color perceived
from an object3,26,27）. The American Dental Associa-
tion recommends the use of CIE Lab color differen-
tial system18） in which all colors in nature are ob-
tained through the blending of three basic colors －
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Fig. 1 AFM images of unbleached（A and C）and bleached amalgams with 10％

CP（B and D）. Amalgams were treated 6 hours per day for 14 days（A,

B: SDI; C, D: Valiant Ph.D.）.



red, blue, and green－ in various proportions. Canay
and Cehreli28） found that after bleaching with CP,
color changes were noted for the tested composites.
However, differences among the restorative materials
were not statistically significant and that the color
changes varied depending on the material. Similarly,
in the present experiment, there were slight differ-
ences in color change and NBS units between the two
types of amalgam. However, the ΔE＊ level and NBS
units were less than 3.3, which is clinically and sta-
tistically insignificant.

Campos et al.29） observed that treatment with 10
to 15％ CP caused a reduction in the microhardness
of various tested restorative materials: compomer,
hybrid glass ionomer, and silver amalgam. However,
the treatment did not alter the microhardness of the
two composites tested（Charima and Durafill）. In
contrast, the current study showed that there were
no statistical differences in VHN between the control
and 10％ CP bleaching groups in all amalgams. In
other words, treatment with 10％ CP for 14 days did
not seem to cause any changes to amalgam surface
hardness. In terms of the surface levels of amalgam
metallic components, Rotstein et al.7） demonstrated
that 10％ CP could cause significant changes. These
changes appeared to be caused by enhanced oxida-
tion, corrosion, and dissolution of the amalgam sur-
face by CP and its byproducts. In stark contrast to
the results of Rotstein et al.7）, Lee et al.22） suggested
that there were no significant differences in surface
roughness and morphology when they examined the
effect of 35％ CP. Concerning the results of Lee et
al.22）, AFM used in the current study did not detect
any significant differences between the control and
10％ CP bleaching groups on the two types of amal-
gam tested.

Based on the results of the present study, it
could be concluded that a 10％ CP bleaching agent
appeared to have no significant effects on dental
amalgam surface. This was because by means of
ICP-AES, automatic mercury analyzer, microhardness
tester, colorimeter, and AFM, we failed to observe
any critical changes on the dental amalgam surface
by 10％ CP bleaching agent － either physically or
chemically.

In terms of metal ion release, the bleaching
agent caused more copper, tin, and mercury ions to
be released into the solution as compared to distilled
water. However, the concentrations of the metal ions
released were lower than the guidelines recommended
by WHO and NASFNB. Therefore, further studies
that entail in vivo experiments and clinical trials are
needed for a more precise evaluation of the present in
vitro study’s results. If verified to be safe for human
use, the present 10％ carbamide peroxide concentra-
tion could then be applied in bleaching agents for
clinical use.
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