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tilled water. Groups II and V were applied withSUMMARY This in vitro study was performed to

evaluate the effect of various concentrations of 10% CP (Contrast PM), groups III and VI were ap-

plied with 15% CP (Contrast PM), groups IV andcarbamide peroxide bleaching agents on the pulp

VII were applied with 35% CP (Quik Start) andchambers of teeth restored by a composite resin.

Forty-nine human extracted anterior teeth were left for 30 min at 37 °C. Then, the acetate buffer

used. All the teeth were sectioned 3 mm apical of solution in the pulp chamber of each tooth was

the cemento–enamel junction and the intracoro- removed and the chamber was then rinsed twice

nal tissue removed. The teeth were separated into with 100 ml of distilled water. The contents

then had leucocryctal violet and enzyme horse-the seven groups each containing seven teeth.

radish peroxidase added. The optical density ofTwenty-eight teeth were used as controls (groups

I–IV), standardized cavities were prepared with the resulting blue solution was determined spec-

trophotometrically, and was converted into micro-the remaining 21 teeth (groups V, VI, VII), and

restored with a hybrid composite resin (XR Her- gram equivalents of hydrogen peroxide. A higher

level of bleaching agent penetrated into the pulpculite). Acetate buffer was placed in the pulp

chamber to absorb and stabilize any peroxide that chamber in the restored teeth than in the sound

might penetrate. Group I was exposed only to dis- teeth.

Introduction

Cosmetic dentistry has been focused on tooth whiten-

ing over the last few years. Various bleaching tech-

niques have been improved to obtain subjectively

whiter teeth. These techniques can be applied to intrin-

sically, or extrinsically stained vital or non-vital teeth.

Although concentrated hydrogen peroxide solution

has been the most commonly used agent for discolored

vital and non-vital teeth, new bleaching agents have

been recently introduced for use on vital teeth, e.g.

carbamide peroxide at various concentrations. Car-

bamide peroxide is also known as perhydrol-urea, hy-

drogen peroxide carbamide, urea peroxide,

percarbamide and ureahydrogen peroxide (Chris-

tensen, 1989) and readily decomposes to urea and

hydrogen peroxide (Haywood & Heymann, 1991).

Several researchers have evaluated the effects of

bleaching agents on surface morphology, colour

changes, hardness, microleakage and tensile strength

of composite resins (Cooley & Burger, 1991; Bailey &

Swift, 1992; Crim, 1992; Monaghan et al., 1992; Cullen

et al., 1993).

Recent studies reported that both hydrogen peroxide

and carbamide peroxide penetrates enamel and dentin

and enters the pulp chamber at various rates (Bowles &

Ugwuneri, 1987; Cooper et al., 1992). Bleaching agents

may penetrate into the pulp of teeth with composite

resin restorations. The mechanism of carbamide perox-

ide bleaching agents is that 10–15% solutions degrade

to 7–10% urea and 3–5% hydrogen peroxide, respec-

tively (Haywood & Heymann, 1991). Similarly, 35%

carbamide peroxide may degrade into approximately

25% urea, 10% hydrogen peroxide. Afterwards, the
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hydrogen peroxide component oxidizes the stained

area to which it is applied.

The purpose of this in vitro study was to evaluate the

effect of carbamide peroxide bleaching agents on the

pulp chamber of teeth restored with a composite resin.

Materials and methods

Forty-nine human extracted anterior teeth without

caries and obvious defects were used in this study.

After cleaning, the teeth were stored in distilled water.

The teeth were separated into seven groups each

containing seven teeth. Twenty-eight teeth were left

intact (groups I–IV). Standardized round cavities were

prepared on the buccal surfaces of the remaining 21

teeth (groups V–VII). The cavity preparations were

approximately 2 mm deep, 3 mm in diameter and all

were located in the enamel 2 mm above at the ce-

mento–enamel junction. Cavity margins were beveled

with fine-grit flame-shaped diamond burs. The enamel

was acid etched with a 37·5 phosphoric acid gel* for

60 s, rinsed for 30 s under a water spray and dried with

an air spray for 30 s. Dentin primer† was applied to the

dentin and light polymerized for 20 s, then a layer of

light cure adhesive‡ was applied and polymerized for

30 s. The cavities were filled with a hybrid composite

resin§ under pressure by a celluloid matrix and light

polymerized¶ for 40 s. The restorations were finished

with soflex discs** after polymerization and stored for

24 h in distilled water before thermocyling. The teeth

were subjected to thermocyling 200 times between

592 °C and 5592 °C.

Apices of all the teeth with and without restorations
were cut approximately 3 mm apical of the cemento–
enamel junction and pulpal tissue was removed with a
round bur and washed with distilled water. An or-
thodontic wire was attached to each tooth by means of
light cure composite resin.

Into the pulp chamber of each tooth, 25 ml of 2 M

acetate buffer was placed. Afterwards, the clinical
crowns of all of the teeth in group II and in group V
were immersed in 10% carbamide peroxide agent††.
The teeth in groups III and VI were immersed in 15%
of the same material. The teeth in groups IV and VII
were immersed in 35% carbamide peroxide agent‡‡

and left for 30 min at 37 °C. The teeth in group I were
exposed only to distilled water (Table 1).

The acetate buffer solution in the pulp chamber of
each tooth was removed by means of a Pasteur pipette
after 30 min and transferred to a glass tube. Then the
pulp chamber of each tooth was rinsed twice with
100 ml portions of distilled water, which was similarly
transferred to a glass tube. Distilled water (2775 ml)
was then added to the glass tube together with 100 ml,
0.5 mg/ml leucocryctal violet§§ and 50 ml, 1 mg/ml of
the enzyme horseradish peroxidase9 according to the
method described by Mottola et al. (1970). These pro-
cedures were repeated separately for each tooth.

The optical density of the blue colour observed in the
solutions was measured by a UV–visible spectrophoto-
meter¶¶ at a wavelength of 596 nm and was converted
into microgram equivalents of hydrogen peroxide. Re-
sults were evaluated statistically by using analysis of
variance followed by a Duncan test.

Results

The results showing the various ratios of peroxide that
reached the pulp are summarized in Table 2.

The results of variance analysis revealed statistical
difference between the groups (PB0·01). Then, ac-
cording to the Duncan test, with the exception of
groups IV and V, all groups were statistically different
from each other (PB0·01). Significantly less peroxide
reached the pulp chamber in groups II and III. A higher
peroxide diffusion was observed in groups VI and VII
(Tables 2 and 3).

Table 1. Test groups

Bleaching agentRestorationGroupn

7 I − —
7 II − 10% CP
7 III − 15% CP

35% CP−IV7
+V 10% CP7

7 VI + 15% CP
7 VII + 35% CP

* Kerr Gel Etchant, Kerr MFG Co., Glendora.
† Optibond Prime, Kerr MFG Co., Romulus.
‡ Optibond Adhesive, Kerr MFG Co., Romulus.
§ XR Herculite, Kerr MFG Co., Romulus.
¶ Translux, Kulzer Germany.

** 3M, Dental Products Division, U.S.A.

†† Contrast PM, Interdent Inc., Los Angeles CA, U.S.A.
‡‡ Quik Start, DenMat Corp., U.S.A.
§§ Sigma Chemical Company, St. Louis MO, U.S.A.
¶¶ Shimadzu UV 1601, Japan.
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Table 2. Penetration of peroxide
(37 °C, 30%) Group Pulpal peroxide (mean9s.d. mg)Carbamide peroxide Free H2O2 ($%)

I 0 0 —
II 10 3 3·3190·34

515III 4·7490·43
IV 35 10 5·9190·32
V 10 3 6·0190·26
VI 15 5 7·1790·38
VII 35 10 8·3190·64

Discussion

Bleaching agents were applied to the teeth to improve

aesthetics and to remove discoloration.

Two methods were used for bleaching vital teeth, by

applying the gel techniques (a) ‘home bleach’ using

10–15% carbamide peroxide or a low concentration

hydrogen peroxide, and (b) ‘office bleach’ using 35%

carbamide peroxide or a high concentration hydrogen

peroxide.

Carbamide peroxide breaks down into urea and hy-

drogen peroxide, with the latter then breaking down

into free radicals, which eventually combine to form

molecular oxygen and water. The hydrogen peroxide

component is thought to oxidize interprismatic organic

matter.

Tooth enamel is the most dense tissue in the human

body and has lower permeability than dentin, but

Bowles & Ugwuneri (1987) reported that enamel and

dentine have demonstrated permeability to hydrogen

peroxide, and Cooper et al. (1992) later reported that

carbamide peroxide also diffuses into the pulp.

Bowles & Thompson (1986) and Hanks et al. (1994),

determined the potency of hydrogen peroxide in direct

contact with cells, in vitro. They reported that it is a risk

to the pulpal tissue if it gets in contact with permeable

dentine. The deleterious effects of hydrogen peroxide

were also confirmed by Wataha et al. (1994).

Glickman et al. (1992) had previously reported an

acute flare up of a tooth following a vital bleaching

procedure. However, Haywood & Heymann (1991)

and Haywood et al. (1994), reporting the use of car-

bamide peroxide bleaching agents, regarded them as

safe with no serious problems associated with the 10%

carbamide peroxide agents.

Postoperative sensitivity after bleaching procedures

has been recorded by Cohen (1979), Robertson & Melfi

(1980) and Seale et al. (1981), and this has been

Table 3. Results of the Duncan test

IIIII VII VIIVIVMean mgGroup

0·00I
3·31 *II

* *III 4·74
IV 5·91 ***
V 6·01 * * *
VI 7·17 * * * * *
VII 8·31 * * * * * *

* Significant statistical difference at level 0·01 (PB0·01).

suggested as due to the reversible histological damage
to the pulp.

Cooper et al. (1992) in their research evaluated pen-
etration of the pulp chamber by carbamide peroxide
agents on sound teeth. They used 10% CP and 15% CP
in their investigation and 3·390·38 mg, 4·890·27 mg
pulpal peroxide penetration were found, respectively.

The findings of the current study on unrestored
teeth is similar to those values, but the results of this
study also revealed that more bleaching agent pene-
trated into the pulp chamber in the restored teeth than
sound teeth.

On the other hand, it is not clear at what concentra-
tion of hydrogen peroxide does irreversible pulpal
damage occur. It is assumed that the depth and the size
of the restoration and the application period of bleach-
ing agents may effect the penetration rate, as it does in
the results of the microleakage study.
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