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Abstraet The effect of 10% carbamide peroxide or 10% hydrogen
peroxide on the surfaee morphology and zinc oxide levels of IRM
fillings was tested. Ninety IRM samples were treated with either
10% carbamide peroxide, 10% hydrogen peroxide or phosphate
buffer which served as control. Treatment consisted of plaeing the
samples in a dry incubator at 37°C for 1, 3 or 7 days. At each
time point, the samples were removed from the test solutions, dried
and prepared for surface scanning electron microscopy and energy
dispersive spectrometric analysis. After 3 days, 10% carbamide per-
oxide significantly reduced the zinc oxide levels as compared to
the 10% hydrogen peroxide group (p<0.01) and the eontrols
(p<0.01). 10% hydrogen peroxide reduced the zinc oxide levels simi-
larily to the control. No significant changes in the zinc oxide le\'els
were found between 3 and 7 days in any of the groups tested.
Microscopic examination of the carbamide peroxide group re-
vealed granular surface with well defined crystalline areas. In the
hydrogen peroxide group, numerous cracks with multiple sun burst-
like areas were found. At the macroscopic level, the samples of this
group appeared eraeked and more swollen, as compared to controls
and samples treated with carbamide peroxide. In conclusion, both
10% carbamide peroxide and 10% hydrogen peroxide altered the
surface morphology- and the zinc oxide levels of IRM fillings, but
their modes of aetion diflered.
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Bleaching is a corrective measure used to treat discol-
ored teeth. It can be performed either in the dental
office or by the patient at home (1). Various methods
of bleaching vital teeth have been used over the years,
most of them combining stong oxidizing agents with
a heat or light source. Recently, mouthguard bleach-
ing has become popular. This method consists of ap-
plying slow-release bleaching agents to the external
surfaces of the teeth using a prefabricated matrix.
This method may be used in the dental office, but it
is most commonly carried out at home.

Carbamide peroxide and hydrogen peroxide, at
concentrations of 10-15%, are generally used for
mouthguard bleaching. The ability of these products
to lighten tooth color is evident, but some controversy
exists regarding their effect on dental tissues and re-
storative materials. While several studies report no
significant damage (2-4), others indicate that alter-
ations in some restorative materials oeeur, whieh may
affect their physical properties (5-12).

IRM® is a reinforced zine oxide-eugenol compo-
sition used for intermediate restorations. It is superior
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to conventional zinc oxide-eugenol eements in eom-
pressive strength, abrasion resistance and hardness
(13-15). Therefore, IRM® is widely employed for in-
direet pulp capping and as an intermediate coronal
restoration between visits or following endodontic
therapy. According to the manufaeturer, the material
endures for periods up to one year. Sinee some pa-
tients seeking cosmetie bleaching procedures have
temporary fillings, it was of interest to examine the
interaetion between IRM® and materials used for vi-
tal bleaching.

The aim of this study was, therefore, to assess the
effeet of 10% carbamide peroxide or 10% hydrogen
peroxide on the surfaee morphology and zine oxide
levels of IRM® fillings, using seanning electron miero-
seopy and energy dispersive spectrometric analysis.

Material and methods

Ninety samples of IRM® type III class 1 (L.D. Caulk
Devision, Densply International, Milford, DE,
U.S.A.) were used for this study. The powder was
hand mixed with the liquid at 5 g/ml at room tem-
perature using a metal spatula and a glass slab. The
freshly prepared mixture was packed into silicon em-
bedding molds with identical cavities of 10X5X3
mm. The mixed material was placed into the eavities
using a Woodson instrument. The surface was
smoothed with a mixing spatula and cotton pledget
moistened with water. The samples were left to set in
the molds for 30 min and then removed and placed
in saline. After 48 h the samples were rinsed with
distilled water and divided into two equal experimen-
tal groups and controls.

Each IRM sample was sealed in a plastic assay tube
containing 1 ml of either 10% carl3amide peroxide
(pH 6.5), 10% hydrogen peroxide (pH 6.5) or 0.1 M
phosphate buffer (pH 6.5) which served as eontrol.
10% carbamide peroxide solution was prepared by
dissolving carbamide peroxide powder (Sigma
Chemieal Co., St. Eouis, MO, U.S.A) in 0.1 M
phospate buffer (pH 6.5). 10% hydrogen peroxide
solution was prepared by diluting 30% hydrogen per-
oxide solution (Erutarom Chemicals, Haifa, Israel) in
0.1 M phospate buffer (pH 6.5).

Treatment consisted of placing the assay tubes with
the samples in a dry incubator at 37°C for 1, 3 or 7
days. The bleaching and buffer solution were
ehanged daily. At each time interval, 30 IRM samples
(10 for each group) were removed from the assay
tubes, rinsed with distilled water, dried at room tem-
perature and prepared for surface energy dispersive
spectrometrie analysis.

The samples were coated with a 1OOA layer of ear-
bon in a DV-502 high vaccum evaporator (Denton,
Newjersy NJ, U.S.A). The levels of zinc oxide af each
sample were measured using a JSM-840A scanning

eleetron microscope (JEOL, Tokyo, Japan) and an
AN 1000 anergy dispersive spectrometer (Link-Ox-
ford, High Wycombe, C.B.) with a minimum detect-
able level of 300 ppm. Each sample was irradiated at
the center and at 2 other eqidistant areas at a voltage
of 15 KV for 60 s. Zinc oxide content was measured
as weight % after applying the computerized Z.A.E
correction method (16). Changes in the levels of the
zine oxide were recorded and the differences between
the groups were statistically analyzed using the Mann-
Whitney U-test.

Results

Zinc oxide levels at the surface of the IRM fillings at
each time interval are shown in Eig 1. After 3 days,
a decrease in the zinc oxide levels in all the groups
tested was observed. 10% carbamide peroxide re-
duced the zinc oxide levels by approximately 27%
which was statistically highly significant, as compared
to the 10% hydrogen peroxide group (p<0.01) and
the controls (p<0.01). 10% hydrogen peroxide re-
duced the zinc oxide levels by approximately 12%,
which was similar to the effect of the phosphate buffer
control group. No further changes in the zinc oxide
levels were found after 7 days in any of the groups.

Microscopic examination revealed different sur-
face morphology patterns between the controls and
the groups treated with either 10% carbamide per-
oxide or 10% hydrogen peroxide (Eigs. 2, 3, 4). In the
carbamide peroxide group, a granular surface with
well-defind crystalline areas was observed (Eig. 2). At
the maeroscopic level, however, this group appeared
similar to the controls. In the hydrogen peroxide
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Eig. 1. Changes in zinc oxide levels of IRM treated with 10% carba-
mide peroxide (CP) or 10% hydrogen peroxide (HP). Data are
mean±SE.
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Eig. 2. Scanning electronmicrograph of IRM treated with 10% car-
bamide peroxide for 7 days. A) At this magnification, the irregular
surface presents a granular appearance with multiple prisms. B)
Higher magnification reveals well-defined prismatic structures em-
bedded in the surface (XlOOO, X2500).

Eig. 3. Scanning electronmicrograph of IRM treated with 10% hy-
drogen peroxide for 7 days. A) At this magnification, the surface is
characterized by cracked areas with a sun-brust-like appearance.
B) Higher magnification ofa sun-burst-like area reveals an intricate
"crystalline" network.

group, numerous cracks with multiple sun burst-like
areas were found (Eig. 3). Macroscopically, the
samples of this group appeared cracked and more
swollen, as compared to the controls or the samples
treated with 10% carbamide peroxide.

Discussion

IRM is commonly used temporary restorative ee-
ment. The role of the temporary cement in endodont-
ics is to prevent reinfection of the root canal and
avoid leakage of intracanal medicaments from the
root canal to the oral cavity. The requirements for a
temporary filling material are, among others: 1) good
sealing ability; 2) dimensional stability; 3) good resist-
ance to abrasion and compression; 4) ease of insertion
and removal; 5) compatibility with the drugs being
used; and 6) good aesthetic appearance. Zinc oxide-
eugenol based cements, like IRM, also have some
antibacterial activity due to the release of eugenol
(17), and are therefore widely used for a variety of
dental procedures (13-15, 17). Set zinc oxide-eugenol
cements consist of zinc oxide particles embedded in
a matrix of zinc eugenolate. It is the interlocking of

eugenolate with zinc oxide particles and other com-
ponents of the IRM whieh probably aeeount for most
of its strength (18). The bonding with the eugenolate
is weak and readily hydrolyzed, yielding free eugenol
and zinc hydroxide (18-19).

The results of this study indicated that bleaching
agents may alter the surface morphology as well as the
zinc oxide level of IRM. Carbamide peroxide and hy-
drogen peroxide are generally thought to have similar
modes of aetion due to their related ehemical compo-
sition (7). Although hydrogen peroxide is the main ac-
tive ingredient in both materials, carbamide peroxide
also eontains approximately 70% urea. Upon de-
composition, amonia and carbon dioxide are liberated
and may determine the mode of action of carbamide
peroxide. In fact, the two bleaching materials tested
affected the IRM fillings in a different manner. At the
microscopic level, specimens treated with carbamide
peroxide showed different morphologicals patterns
than those treated with hydrogen peroxide. In ad-
dition, while a significant reduetion in zinc oxide levels
was measured following 3 days treatment with carba-
mide peroxide, no such changes were recorded follow-
ing treatment with hydrogen peroxide. It is therefore
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Eig. 4. Scanning electronmicrograph of IRM controls treated with
phosphate buffer for 7 days. A) Surface structure of set material.
B) Higher magnification reveals complete abscence of the prismatic
structures and sun-burst-like network (XlOOO, X2500).

proposed that other components in the carbamide per-
oxide bleaching agent probably caused the significant
decrease in the zinc oxide levels in this group.

The manner where by zinc oxide levels were affected
by the bleaching agents is not completely clear. This
may be due to interpretation of the recordings obtained
from the computerized surfaee analysis of minerals.
The combined scanning electron microscope and en-
ergy dispersive X-ray spectrometer enabled the exam-
ination of organic and inorganic speeimen surfaces.
The main advantages of this system were its accuracy
and non-destructive analysis of the speeimens. The
method is based on bombarding the specimen with a
high voltage electron beam, giving characteristic wave
length emission for each mineral. Changes in the wave
length of the rays emitted from the specimen indicated
changes in the specific mineral concentration on the
specimen surfaee. However, this analysis only allowed
quantification of surface elements and did not provide
information about other characteristies such as resist-
ance, dimensional stability, hardness or permeability.
Moreover, newly formed products of carbamide per-
oxide reactions might also be present on the external
surface of the specimen and affect the recordings of the
zinc oxide levels. On the other hand, samples treated

with hydrogen peroxide affeeted the organie substanee
of the material by rapidly breaking the interlocking
bond between eugenolate and the other IRM particles,
resulting in relatively high zine oxide levels at the sur-
face. Eollowing disintegration, recrystallization may
occur along specific planes, giving the typical surface
appearance of these samples.

In conclusion, both 10% carbamide peroxide and
10% hydrogen peroxide altered the surfaee mor-
phology and the zine oxide levels of IRM fillings, but
their modes of action differed.
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