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Dental bleaching and alteration of the enamel surface
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Abstract
Objectives: Bleaching of vital teeth performed at home by the patient under the dentist’s supervision, using low-concentration peroxides and custom-fitted trays specifically designed for this purpose, is one of several options for this type of
dental treatment, whether alone or in combination with another in-office bleaching technique. The objective of this study
is to analyse the effect on the enamel surface of two bleaching products recommended for this technique. Materials &
methods: Two bleaching products were used: VivaStyle (Vivadent), a 10% carbamide peroxide, and FKD (Kin), a 3.5%
hydrogen peroxide. They were applied in trays to the anterior teeth of 20 patients (10 in each group). The application
times were 2 and 3 hours a day respectively for 28-33 days. Replicas of the tooth surfaces before and after treatment
were obtained. These were observed with a scanning electron microscope. Results: The images obtained showed that the
tooth surfaces remained entire and the enamel surface structures remained normal. Conclusions: The results show that
neither of the products affects the enamel surface: no post-operatory changes were observed.
Key words: At-home tray vital bleaching, carbamide peroxide, hydrogen peroxide, enamel, scanning electron microscope.

RESUMEN
Objetivos: El blanqueamiento de los dientes vitales que realiza el/la paciente en su domicilio bajo la supervisión del/de
la dentista con férulas individualizadas especialmente diseñadas para ello y peróxidos de baja concentración, es una
opción de entre las que integran esta terapéutica odontológica, ya sea, como tratamiento único o combinada con otra
modalidad de blanqueamiento en la consulta. El objetivo del presente trabajo es analizar el efecto que producen sobre
la superficie del esmalte dos productos blanqueadores indicados para esta técnica. Diseño del estudio: Se emplearon dos
productos blanqueadores, el VivaStyle (Vivadent), peróxido de carbamida al 10%, y el FKD (Kin), peróxido de hidrógeno
al 3,5%, que se aplicaron mediante férulas sobre los dientes anteriores de 20 pacientes (10 en cada grupo). El tiempo
de aplicación de cada producto fue de 2 y 3 horas al día respectivamente durante 28-33 días. Se obtuvieron réplicas de
las superficies dentales antes y después del tratamiento, las cuales fueron observadas con un microscopio electrónico de
barrido. Resultados: Las imágenes obtenidas muestran la integridad de la superficie dental, con el mantenimiento de
las estructuras normales de la superficie del esmalte. Conclusiones: Los resultados obtenidos muestran que ninguno de
los dos productos alteran la superficie del esmalte, no observándose, pues, cambios postoperatorios.
Palabras clave: Blanqueamiento vital domiciliario, peróxido de carbamida, peróxido de hidrógeno, esmalte, microscopía
electrónica de barrido.
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INTRODUCTION
A large proportion of patients attending dental clinics do so
to seek treatments that will improve the appearance of their
smile. Various types of dental treatment are available for this
purpose: orthodontic, conservative, prosthetic, etc. However, one of the treatments that has had the greatest impact
and aroused the highest expectations in recent years is dental
bleaching (1); this has been associated with the appearance
on the market of a large number of whitening products and
the development of new dental bleaching techniques (2). If
it is carried out in accordance with suitable procedures, the
results are good and the side-effects that whitening agents
can have are avoided. One of the possible side-effects that
have aroused the greatest concern since whitening treatments
began to be used is the damage that the bleaching agents
can cause to dental tissues, particularly the enamel as it is
the first on which they act (3, 4).
In 1991, Haywood and Heymann (5) reviewed the studies
published to date on the safety and side-effects of at-home
tray bleaching of vital teeth. They concluded that its safety is
similar to that of other dental bleaching procedures, provided they are all carried out properly. At-home tray bleaching
is now one of the most frequently used methods. It is suitable
as a stand-alone treatment for mild to moderate discolouration or to complement an in-office bleaching technique, in
which case the treatment is known as combined bleaching.
Although 10% carbamide peroxide was initially used as the
whitening agent, a considerable range of products at higher
concentrations (between 15% and 30%) or which replace
it with low concentrations of hydrogen peroxide (between
3.5% and 10%) is now available. The widespread use of this
type of whitening treatment is mainly due to its simplicity,
ease, safety and therapeutic effectiveness.
The objective of this work is to determine the effects on
enamel surfaces in vivo of two low-concentration bleaching
products used with the at-home tray bleaching technique
described by Haywood and Heymann in 1989 (6).

MATERIALS AND METHODS
Two different products were used to carry out at-home tray
bleaching in patients who attended the Dental Bleaching
Clinical Unit at the University of Valencia Dental Clinic.
One of the products contained 3.5% hydrogen peroxide
(FKD® Kin, Barcelona, Spain) and the other 10% carbamide peroxide (Vivastyle® Vivadent, Schaan, Liechtenstein). The 20 patients selected for this study were assigned
at random to each of the two treatment groups (n=10).
A thorough clinical and radiological examination and an
accurate diagnosis was made of each patient to establish
the indication of the treatment. After informing the patient
about the characteristics of the whitening treatment to be
carried out, he/she signed an informed consent document.
The whitening product application trays were designed with
a reservoir (7) and manufactured from 1 mm thick sheets
of silicone (Soft Tray Sheets, Ultradent, UK).
The daily product application time was three hours in the
case of the hydrogen peroxide, as recommended by the
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manufacturer. For the carbamide peroxide, however, the
time was two hours instead of the one hour suggested by
the manufacturer, as it was considered that after two hours’
treatment the product exhibited adequate activity to justify
this move (8). At the beginning of treatment and at each
check-up, the patients were given a card on which they had
to write down the product application times each day.
Before starting and at the end of treatment, impressions
of the teeth being treated were made with an addition cure
silicone (Elite H-D®, Zhermack, Rovigo, Italy) so that
replicas (9) could subsequently be obtained for microscopic
study in order to assess any changes that occurred in the
enamel surface during the treatment. The impressions
were taken with the help of a lip separator after cleaning
the tooth surfaces with a prophylaxis brush mounted in a
counter-angle, used at low speed with refrigeration. The
impressions were cast in an epoxy resin (Epofix® Struers,
Copenhagen, Denmark) (9).
When selecting the samples for this work, the zones of each
tooth that were easiest to study were taken into account in
order to facilitate analysis of the images obtained from the
pre and post-treatment replicas. Consequently, owing to
their accessibility the vestibular faces of the anterior teeth
were chosen. Using a hand piece with tungsten carbide
burs, the replicas were divided into small fragments. Each
fragment was cleaned with the aid of an ultrasound tank.
The samples were placed in sealed bags, identifying each
specimen with the patient’s clinical record number and the
stage of treatment at which the impression was made.
After preparing the replicas in a metal-coating unit
(SC500®, BIO-RAD, London, United Kingdom), they were
observed with a scanning electron microscope (S-2500®,
Hitachi, Tokyo, Japan) at 100x magnification.

RESULTS
The images of an untreated tooth and of two treated teeth,
each bleached with one of the two products, are shown
in Figs. 1, 2 and 3. The bleached tooth surfaces of all the
patients appeared clean and intact, showing a morphology
compatible with that of the natural, untreated enamel; the
structural arrangement was found to be characteristic of
the enamel surface of the zone observed (vestibular face);
no morphological irregularities or changes compared to the
normal pattern of surface enamel were detected.
On comparing the pre-treatment images with those obtained
after bleaching, no modifications were observed.

DISCUSSION
This study was designed to assess the effect on the enamel
surface caused by two whitening products for at-home tray
vital bleaching, one of the bleaching procedures that is most
often used. The product concentrations used were chosen as
being equivalent, although with different formulations.
When determining the period for which the whitening
products were to be used by each patient, it was decided
to apply them for the as long as was needed to achieve the
maximum whitening effect in each case.
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Fig. 1. Enamel surface of a tooth before bleaching treatment.

Fig. 2. Enamel surface following bleaching
with 10% carbamide peroxide (Vivastyle® Vivadent)).

Fig. 3. Enamel surface following bleaching with
3.5% hydrogen peroxide (FKD® Kin).
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The different response of each patient to the bleaching
agents makes it difficult to establish a uniform time for
all cases (10). The bleaching period lasted from 28 to 33
days.
Studies of the effects of at-home whitening agents on the
enamel surface are usually conducted on extracted teeth or
fragments of extracted teeth after the bleaching treatment
has ended (11-14), as Bitter (15) did in a study of patients
who needed exodontias for periodontal reasons and underwent prior at-home tray bleaching. In the present case,
an in vivo study was conducted by making replicas of the
teeth treated with the whitening technique. Although this
method has not been much used for this purpose to date, it
enables real changes in the enamel surface to be evaluated
and contributes valuable information on this subject. In
comparison to direct observation of the enamel surfaces,
observation of replicas of the same surfaces shows the effects caused by the bleaching agents in greater detail, so this
method is indicated for in vivo studies (9).
Scanning electron microscope observation of the replicas
obtained for each group (hydrogen peroxide and carbamide
peroxide) made it possible to see that the images of the
enamel before treatment were very similar to those obtained after finishing the treatment. Typical enamel surface
morphology was observed in all the images, with the usual
perikymata pattern, which did not appear to be affected
in any of the patients following the bleaching treatment.
This leads to the conclusion that any changes caused by
the whitening agents used in this technique are minimal or
imperceptible, which agrees with the results presented by
other authors (16-19).
As regards the ability to cause changes in the surface of the
enamel, Bitter (15) found in an in vivo study that 10% carbamide peroxide can affect the tooth surface and underlined
the importance of considering the effect of these changes
on enamel integrity since, in the long term, they could be
the cause of abrasions or cusp fractures, particularly in
teeth that have been restored or weakened by other dental
treatments. Llena et al. (20) showed the results of using
scanning electron microscopy to analyse the surface of
extracted teeth. They found that 10% carbamide peroxide
did not result in modifications to the enamel surface, unlike
35% hydrogen peroxide, which led to severe destructuring
of the surface and the appearance of aberrant crystals
alongside the enamel prisms. In another laboratory study,
Rotstein et al. (21) found that whitening agents, including
those used in at-home tray bleaching, can affect the hard
tissues of the teeth by altering their calcium concentration
and recommended that they be used with caution. More
recently, in another in vitro study, Goo et al. (22) encountered a slight loss of mineral content in the enamel on using
10% carbamide peroxide. A further experimental study by
Hegedus et al. (12) also showed changes in the surface of the
enamel when using products that contained 30% hydrogen
peroxide and 10% carbamide peroxide. Lopes et al. (14)
established in vitro that erosions in the enamel surface following dental bleaching did not present a uniform pattern
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and their intensity varied depending on the sample.
It has been asserted that the changes that have been observed in the surface of enamel which has undergone dental
bleaching can modify the physical properties of the enamel,
increasing its solubility and its susceptibility to caries (23).
However, other studies have determined that the enamel
did not present greater susceptibility to caries after dental
bleaching (24, 25) and even that certain bleaching products
can prevent demineralisation of the enamel by lactic acid
(26).
The reason for the lack of unanimity concerning the effects that bleaching agents have on the enamel may be due
to a variety of factors such as the use of non-standardised
protocols in different studies (27), the origin of the enamel
samples employed (teeth erupted or not) and their differing ages, the immediate remineralising effect of saliva after
removal of the bleaching agent (13) and the pHs of the
product employed and of some foods, which can alter the
morphology of the enamel surface and of the dentine and
cause alterations in their physical properties (28).
The results obtained coincide with those of other authors
and enable at-home tray bleaching to be classed as a safe
technique without adverse effects on dental tissues (2, 18,
20, 29).

CONCLUSIONS
In vivo microscope analysis using replicas of dental surfaces
bleached with low-concentration products for use at home
has established that no morphological changes took place
in the enamel of the bleached teeth.
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