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SUMMARY Carbamide peroxide bleaching agents 4 day period according to the manufacturers rec-

ommendation. The fourth group served as thehave raised important questions on their potential

adverse effects on the structure of enamel. The control and was kept in artificial saliva during the

test period. At the completion of the treatment,purpose of this study was to examine the effects

all the specimens were examined by infrared ab-of three carbamide peroxide bleaching agents in

different concentrations (10, 16 and 35%) on the sorbtion spectroscopy and X-ray diffraction analy-

structure of enamel. Forty enamel slabs prepared sis. The results revealed that 10% or 16%

carbamide peroxide did not seem to effect thefrom human third molars were divided equally

structure of enamel, whereas 35% carbamide didamong four groups. The specimens in the first and

affect the structure. The use of lower concentra-second group were subjected to 10% or 16% car-

bamide peroxide for 8 h per day for 6 weeks. tions of carbamide peroxide (10–16%) is recom-

Thirty-five percent carbamide peroxide was ap- mended over higher concentrations (35%) to avoid

plied to the third group for 30 min a day for a changes to the enamel.

Introduction

Vital bleaching of teeth has generated interest in the

literature. Over time, different bleaching techniques

have been advocated. Current techniques may be

classified as either professionally applied or patient

applied (Jordan & Boksman, 1984; Nathanson & Parra,

1987; Haywood, 1992; Hanks et al., 1993; Goldstein &

Garber, 1995).

Many of the systems available today use 10, 15–16

or 35% carbamide peroxide as the active bleaching

agent (Yarborough, 1991; Cherry et al., 1993). Vital

bleaching using carbamide peroxide has been sug-

gested as a safe alternative to vital bleaching with

hydrogen peroxide (Haywood & Heymann, 1991).

Although studies have evaluated the effects of these

products on tooth structure (Titley et al., 1988; Hay-

wood et al., 1990, 1991; McGuckin et al., 1992; Bitter &

Sanders, 1993; Shannon et al., 1993; Wandera et al.,

1994; McCracken & Haywood, 1995; Ernst et al.,

1996), no studies have examined their effect by in-

frared absorbtion spectroscopy or X-ray diffraction

analysis.

Infrared absorbtion spectroscopy or X-ray diffraction

analysis have become popular techniques for examin-

ing dental tissues or materials (Ferracane & Greener,

1984; Eliades et al., 1997; Ginebra et al., 1997; Papa-

giannoulis et al., 1997).

The purpose of this in vitro study was to determine

the effect of three bleaching agents containing 10, 16

or 35% carbamide peroxide on the structure of enamel

by infrared absorbtion spectroscopy and X-ray diffrac-

tion analysis.

Materials and methods

Non-carious and unerupted human molars were ex-

tracted and stored at 4 °C in distilled water. The teeth

were examined under a dissecting microscope to elimi-

nate teeth with cracks or hypoplastic defects. Any

tooth exhibiting any of these features was excluded.

Each tooth was cleaned of soft tissue and each crown
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was then separated from the root with a water cooled

high-speed hand piece. Enamel slabs 5×5×2 mm

were cut from approximately the middle one third of

the buccal surfaces of 40 teeth with a fissure bur.

Specimens were mounted in autopolymerizing acrylic

resin so that their buccal surfaces were exposed. Speci-

mens were then polished with silicon carbide papers to

1000-grit size and 1·5 mm aluminium oxide slurry un-

der continuous water cooling. The specimens were

randomly divided into four groups of 10 and stored in

distilled water until required.

Carbamide peroxide bleaching agents selected for

this study are shown in Table 1. Each product was

applied to the specimens tested in accordance with the

manufacturers’ recommended procedure. Ten percent

carbamide peroxide (Opalescence) was passively ap-

plied to the buccal surfaces of the specimens in the first

group and allowed to remain on the enamel for 8 h per

day for 6 weeks. Fifteen percent carbamide peroxide

(Nite White) was applied in the same manner as for

group two. Thirty-five percent carbamide peroxide was

applied to group three for 30 min a day for a 4 day

period. The specimens in the fourth group were used

as control and kept in artificial saliva during the test

period (Haywood et al., 1990; Shannon et al., 1993).

At the end of each day of the active treatment

period, the specimens were rinsed with tap water for

30 s to remove the carbamide peroxide and placed in

37 °C artificial saliva until the next days treatment.

When the bleaching regimen was completed the speci-

mens were rinsed with tap water once again, dried and

prepared for infrared absorbtion spectroscopy and X-

ray dffraction analysis.

Five of the enamel specimens from each group were

ground with a mortar and pestle for 3–4 min to pro-

duce a fine powder. Subsequently, from 1.5 to 2.0 mg

of the specimen powder was mixed with 1.00 g of

infrared grade potassium bromide and pressed into a

pellet with a pellet-maker kit. The pellet-maker, which

also served as specimen-holder, was then placed into

the spectrometer* for analysis and infrared spectra of

the sample was recorded.

The other five specimens from each group were

made into a very fine powder, mixed with aluminium

oxide and examined with an X-ray diffractometer†.

Indexing of the peaks was carried out by means of

cards for apatite (Joint Committee on Powder Diffrac-

tion Standards, 1988).

Results

Infrared spectroscopy analysis

In the control group, O�O�O bonds had fundamental

vibrations at 3400 cm−1 and H�H bonds at 3380 cm−1.

CO3 showed marked absorbtion near 1451–

1441 cm−1. C�C bonds had vibrations at the

1676 cm−1 wavelength and the apatite structure at

576–605 cm−1. Although the Opalescence and Nite

White groups showed small deviations at PO4 and CO3

peaks, similar fine structure patterns were observed

with the control (Figs 1 and 2). In the Quik Start group

O�O�O, PO4, CO3, hydrocarbon and apatite peaks

showed deviations (Fig. 3), which may imply changes

in inorganic composition.

X-ray diffraction analysis

In the control group, typical hydroxyapatite and

flourapatite peaks were observed (Fig. 4). Opalescence

and Nite White showed similar peaks with the control

(Figs 5 and 6). The height of the peaks, particularly at

35.5° and 37° were varied for Quik Start.

Apatite peaks showed deviations and these devia-

tions were greater in the hydroxyapatite than in the

flourapatite (Fig. 7).

The result of X-ray diffraction analysis were in accor-

dance with the infrared analysis. The peaks of apatite

seen at 576–605 cm−1 for all groups in the infrared

absorbtion spectroscopy analysis were similar with the

peaks seen in X-ray diffraction analysis.

Discussion

Bleaching agents affect the lightening of discoloured

tooth structure through decomposition of peroxides

into free radicals. The free radicals breakdown large

pigmented molecules in enamel into smaller, less pig-

Table 1. Carbamide peroxide bleaching agents used in the study

Product % Manufacturer

Opalessence Ultra Dent, Salt Lake City, UT, U.S.A.10
Discus Dental, Beverly Hills, CA, U.S.A.Nite White 16

Quik Start 35 Den-Mat., Santa Maria, CA, U.S.A.

† Rigaku-Geigerflex, Tokyo, Japan.* Perkin-Elmer, Cologne, Germany.
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Fig. 4. X-ray diffraction spectrum of

the control group.

Fig. 5. X-ray diffraction spectrum of

the Opalescence group.

mented molecules through either oxidation or reduc-

tion reactions (Haywood, 1992). One of the possible

side-effects of bleaching products is that the enamel

structure may be weakened by oxidation of the organic

or inorganic elements (Seghi & Denry, 1992). Several

studies have evaluated the effects of these agents on

tooth structure mainly using scanning electron mi-

croscopy (Titley et al., 1988; Haywood et al., 1990;

McGuckin et al., 1992; Bitter & Sanders, 1993; Shan-

non et al., 1993; Ernst et al., 1996). However, the

results of these studies are contradictory.

Haywood et al. (1990) reported no change in surface

morphology with 10% carbamide peroxide, whereas

Covington et al. (1990), McGuckin et al. (1992), Bitter

& Sanders (1993) and Shannon et al. (1993) observed

slight surface modifications of teeth treated with 10%

carbamide peroxide.

Several studies have demonstrated that no change in

hardness occurs on the surface of enamel after 10%

carbamide peroxide (Murchison et al., 1992; Seghi &

Denry, 1992; Shannon et al., 1993; Nathoo et al., 1994;

McCracken & Haywood, 1995).

Profilometric analysis are also conflicting. Titley et al.

(1988) and McGuckin et al. (1992) observed slight

© 2000 Blackwell Science Ltd, Journal of Oral Rehabilitation 27; 332–340
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increases in surface roughness, whereas Hunsaker et al.

(1990) and Gürgan et al. (1997) reported no surface

roughness. Seghi & Denry (1992) reported an increase

in the fracture susceptibility following bleaching in an

in vitro study. Rotstein et al. (1992) reported a loss of

strength and higher solubility of enamel, dentin and

cementum after bleaching.

In the current in vitro study, the effects of bleaching

on structural changes of the enamel were compared

using three commercially available carbamide peroxide

agents with different concentrations. Manufacturers of

some bleaching products, such as Quik Start used in

this study, require conditioning pre-rinse to accelerate

the effect of the gel. The alterations of the vibration

peeks seen in the Quik Start were possibly due to the

acidic treatment before bleaching or the high concen-

tration of the agent applied to enamel as the result of

oxidation. Application of the 10% or 16% carbamide

peroxide does not seem to effect of the structure of

enamel.

To take advantage of the remineralization action of

saliva, the specimens were kept in artificial saliva dur-

ing the test period. Remineralization potential exists in

saliva substitutes that contain Ca and PO4 (Shannon et

Fig. 6. X-ray diffraction spectrum of

the Nite White group.

Fig. 7. X-ray diffraction spectrum of

the Quik Start group.
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al., 1993). The absence of significant changes in the

structure of Opalescence and Nite White applied

groups may have resulted from exposure to artificial

saliva or the low concentration of carbomide perox-

ide.

It must be emphasized that this study was per-

formed in vitro and that in the oral cavity other im-

portant factors exist. The evaluation of this in vitro

finding must be based on a risk–benefit ratio.
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