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Abstract

Objectives: The goal of this study was to examine micro-changes in human enamel after
exposure to 40% hydrogen peroxide treatment with and without light, and then to test the effects
of amorphous calcium-phosphate containing mousse on bleached enamel, using FT-IR
spectroscopy. It is hypothesized that infrared spectroscopy is capable of showing alterations in
human enamel after peroxide treatment and the alteration in enamel is proportional to peroxide
concentration.

Methods: The effects of 40% hydrogen peroxide solution on human enamel, with and without
focused light during treatment and the effect of amorphous calcium phosphate on bleached
enamel were tested. Forty non-carious human teeth, extracted for periodontal reasons, were used
in this study. They were divided into 4 groups. Group 1 and 2 were subjected to two treatments
with 40% hydrogen peroxide each for a duration of 20 minutes without light, group 2 was given
a treatment with amorphous calcium-phosphate containing mousse for 5 minutes in between and
after the bleaching treatments. Group 3 was treated with 40% hydrogen peroxide and light for a
total of 8 minutes and was then subjected to a 5 minute treatment with amorphous calcium-
phosphate containing mousse. Group 4 was left untreated in isotonic salt solution that was kept
in a stable 37°C and tested after two weeks and four weeks and was used as a control group. All
teeth were separated from their roots, hemisectioned coronally, and embedded in epoxy-resin for
infrared spectroscopic analysis.

Results: Infrared spectroscopic analysis showed two distinct bands (apatite PO4 v1 and v2) that
were capable of describing the alterations in enamel structure. On comparing the infrared spectra
of non-treated and treated specimens, of pre-treatment and post-treatment, and after application
of the amorphous calcium phosphate mousse, structural changes were evident in the superficial
enamel. The alterations in enamel were evident post-treatment with 40% hydrogen peroxide
concentration. Amorphous calcium-phosphate containing mousse has shown to have a significant
effect and can possibly partially compensate the effects of bleaching. The numerical analysis of
the IR spectra revealed that upon second treatment using hydrogen peroxide solutions, the
alterations in the spectra were more pronounced. The spectra taken in 1 week after treatment in
the bleached group showed a continuous deterioration of the enamel structure suggesting that
40% hydrogen peroxide might have a long lasting effect even after its superficial removal.
Conclusion: 40% hydrogen peroxide containing bleaching agents are capable of causing
alteration in enamel. Changes are directly proportional to the duration of treatment. Amorphous
calcium phosphate containing mousse has a significant effect and can possibly partially
compensate for the structural alterations that are caused by the bleaching. 40% hydrogen
peroxide has long lasting effect.



Introduction

In the recent decades, the appearance of teeth and their color became of great importance
to patients as it became a measure representing the socio economic status of the individual, in
addition tooth color may have great effects on self-esteem and generally the social life of the
patient 1. The mentioned and other reasons are thought to be the reason that an increasingly
amount of patients are in seek for esthetic treatments, and especially treatments aimed at dental
discoloration.

The visible tooth color is determined by a combination of different optical and
microstructure characteristics of enamel, dentin and the pulpal tissuel.

Discoloration of teeth may vary, and is usually etiology dependent; other factors such as
appearance, localization of the tooth or tooth surface, and the adherence of pigmenting agent to
tooth structure play a role as well in the final appearance. Products that are known for their tooth
discoloration effect are known as chromogenic agents, they include certain medication such as
tetracycline, coffee, tea, tobacco and red wine.

Tooth discoloration can be categorized as intrinsic or extrinsic. While extrinsic
discoloration can be removed with the use of prophylactic products and cleaning procedure, such
as, at home brushing or tooth surface cleaning by a dental professional. Intrinsic staining entails
the  use chemical bleaching for itsresolution.

Bleaching using chemical approach has been accepted as the least aggressive method for
treating discolored teeth, as other methods, such as crown or laminate placing, require the
removal of healthy tooth structure in order to cover the discolored tooth with an esthetic cover.

Chemical bleaching process is based on the process in which radicals cause an oxidative
reaction in this reaction, oxygen-free radicals, with the help of their low molecular weight, creep
in through the enamel and dentinal hard tissues of the tooth [ 1. The product releases free
radicals that break up chemical bonds that conjugate the pigment to the tooth structure either by
cleaving or adding to carbon double bond by reacting with causing a shift of electrons ™. Once
the bond is broken, the color molecules no longer show in the visible range of the
electromagnetic spectrum and thus have no effect on esthetics.

Tooth bleaching has become one of the most popular esthetic dental treatments and is the
fastest growing part of private dental practices with a 25.1% growth rate ©°®!. Since the 1800s, the
initial focus of dentists in this area was on in-office bleaching of non-vital teeth that had
discolored as a result of trauma to the tooth or from endodontic treatment. By the late 1980s, the
field of tooth whitening dramatically changed with the development of home-applied bleaching
and the development of vital tooth bleaching techniques that are applied both in the dental office
and at home.



The tooth whitening market has evolved into four categories: By professional in the
dental clinic, prescribed for at home-use, over-the-counter bought and self-applied by patients,
and other options that are not dental related. It is important to add that professional in office
bleaching materials are sometimes used at home after the bleaching in the dental clinic in order
to maintain and improve whitening  results®”.

Most commonly used method for vital tooth at-home bleaching, was proposed in 1989,
by Haywood and Heymann !, in this technique an individual tray was made and in it 10%
carbamide peroxide was used by the patient during night for approximately 2 to 5 weeks. This
technique presents a number of advantages such as easy application, lower peroxide
concentration, and that less time needed to be spent at the dental office and its price was not
high. However this method also presents a few disadvantages, as the long duration of treatment
and the lack of control given by a professional when using the material and lastly patient
compliance issues %658,

For vital tooth bleaching 9% three fundamental approaches remain, namely, at-home
bleaching (night guard) as mentioned above, in-office bleaching, and over the counter (OTC)
bleaching products "7,

At present, there is a broad range of bleaching agents available, containing various
concentrations of carbamide peroxide, hydrogen peroxide and sodium perborate. Among these
three approaches, in-office bleaching utilizes between 25% and 40% of hydrogen peroxide in a
gel solution this helps it remain stable on the targeted areas, as of such the in-office approach
utilizes highest concentration of hydrogen peroxide as it’s active ingredients .

This method aids to overcome the disadvantages of at home bleaching as it provides with
an especially short treatment time, full professional control of the whole duration of the
procedure and overcomes lack of compliance from the patient.

In-office bleaching has been proven to be highly efficient and rapid treatment which
provides the patient with satisfactory results 2, on the other hand, the safety of this technique on
enamel structure has been and still is a frequent question asked by dental professionals and
patients alike.



Numerous literature on the topic is available today, researchers attempted to reveal the
causes for the possible adverse effects of bleaching agents. Majority of these researches were
focused on the concentration, the application modes or the treatment duration of the active
bleaching agents and a few other studies aimed their focused on the acidity of the materials
applied(pH  values)®3,

In this research, the focus to be investigated and discussed will be the usage of
Opalescence® Boost PF 40%, containing 40 percent hydrogen-peroxide concentrations as the
active ingredient, with and without focused light, and its effects in regard the structural integrity
of human tooth enamel.

After bleaching and the results assembled, the second step of this research was to
investigate the reparative potential and effect of applying GC tooth mousse calcium phosphate
containing gel on the bleached enamel surface.

GC tooth mousse is a casein phosphopeptide—amorphous calcium phosphate containing
mousse we chose to examine its effects on bleached enamel as many researchers have shown that
it has a large potential in facilitating remineralization of enamel. Examples are in cases of
erosion [ and remineralization of initial state caries lesions ["”".

Obtaining accurate results on the microstructural alterations of tooth mineralized enamel
is strenuous, for the examination of the enamel microstructure in this research we have chosen to
use the laser infra-red spectrum scanner, FT-IR spectroscopy, as this method only requires
limited specimen preparation thus allowing for an accurate scan with minimal alteration to the
original enamel structure.

The working hypotheses for this research stood as 1. FT-IR spectroscopy is accurate and
sufficient to demonstrate changes after bleaching agent treatment in human enamel 2. Alterations
to the mineralized structure of the enamel are proportional to the concentration of the bleaching
agent 3. GC tooth mousse treatment will help remineralization and repair of the bleached enamel
surface.

Finally, it is paramount to state, due to the abovementioned facts, that this scan results
alone are polemical and further investigations are needed on the effects of bleaching agents on
enamel and the restorative potential of application of fluoride post treatment.



Aims

This research aims were initially, examining changes made to the microstructure of the
superficial human enamel after treatment with 40% hydrogen peroxide with, and without
exposure to light. After bleaching treatment the second aim was to investigate the effects of GC
tooth mousse on the enamel.

Our research hypothesis was that bleaching with 40% hydrogen peroxide does cause
structural changes to superficial enamel. GC tooth mousse treatment will have an effect on the
bleached enamel structure.



Materials and Methods

Sample selection and preparation:

Our examination required 30 extracted human teeth, free of pathological changes in the
enamel, which were removed due to periodontal, orthodontic or oral surgical needs. The teeth
were cleaned with the use of sterile gauze pads and physiological salt solution, the roots were
removed, then the molar and premolar teeth’s crowns were separated into two parts in a mesio-
distal direction by air driven turbine using water-cooled diamond rotary burs. As a result, we
gained 40 samples that were suitable for examination; the samples were stored in physiological
salt solution at 37°C until the beginning of the treatment.

Embedding:

The samples were embedded in epoxy resin. In preparation for embedding, little pieces
were cut from a double-sided adhesive tape, which were pasted to the base of the embedding
container. The sample was placed on the other side of the adhesive tape so that the enamel
covered surface faced the container’s base. The embedding was made with the use of Epoxi Kit
(Stuers, Denmark), embedding solution being kept to the mixing ratio. The Citovac device
(Stuers, Denmark) was used for the embedding, this device created a vacuum environment
during the pouring process of the epoxy mixture. The embedding solution was kept in
embedding containers for 24hours. After 24 hours, samples were removed from their containers.

Samples polishing:

The samples underwent polishing to achieve a perfect placement of the enamel to the
spectroscope’s crystal. For this LaboPol-35 (Stuers, Denmark) grinder was used with abrasive
paper by SiliciumCarbid (Struers, Denmark). The samples were polished by “500” marked
paper with 2,5 N clamping force, 1 round at 50rpm, followed by 2 rounds at 100rpm, second
round of polishing was performed by the “1200” marked paper with 2,5 N clamping force,
rotating 3 rounds at 50rpm, the samples were constantly cooled by water.

The available samples were randomly divided into 4 groups of 10, according to the
treatment they will endure.

Recording:

Each of their infrared spectra were scanned and recorded by the use of Thermo Scientific
Nicolet 6700 FT-IR spectroscope (Thermo Electron Scientific Instruments LLC, W1, USA)
(Figure 1), which using an infra-red laser calculates the relative absorabce and transmittance of
each sample. First scan that was made provided the native control before tooth whitening
treatment in every sample’s case (first measurement of all 4 groups).



Storage:
The samples were kept between scans in a physiological salt solution at 37°C using an
incubator (Labnet Mini Incubator, Labnet International, Inc, USA)

Treatments:

The following were used on each group’s samples, in the beginning of the experiment
Group 1, 2 and 3 were all subjected to a treatment using 40% hydrogen peroxide (Opalescence
Boost PF 40% Ultradent, Utah, USA) groups 1 and 2 each for a duration of 20 minutes. Group 3
was exposed to the treatment for 8 minutes while under focused polarized light (Radi-plus with
full arch bleaching LED, SDI, Australia). Following the treatment, spectra were taken from all
three groups. Next, group 2 and 3 were treated with GC tooth mousse, a casein phosphopeptide -
amorphous calcium phosphate containing mousse (GC corporation, Japan), each for a duration of
5 minutes. After cleaning and washing of samples of Groups 2 and 3, using distilled water,
spectra were taken again. The following day, groups 1 and 2 were exposed to a second treatment
using the 40% hydrogen peroxide kit, and their post bleach spectra were recorded. After spectra
were taken, group 2 underwent an additional treatment with the “GC tooth mousse” for 5
minutes then was cleaned with the use of distilled water and its spectra scanned. Group 1 was
kept in isotonic salt solution at 37°C for a week after which we scanned it and recorded the
spectra. Group 4 served as a control group and was kept untreated, in isotonic salt solution for
four weeks at 37°C this group was scanned at the beginning of the research, at two weeks, and at
four weeks’ time.

Figure 1; Thermo Scientific NICOLET 6700 FT-IR infrared wavelength spectroscope



Results:

Native scan of human enamel specimens were performed in all groups prior to treatment.
As seen in Figure 2, a characteristic infrared spectrum can be seen with two distinct peaks,
representing the hydroxyapatite structure: apatite PO, v1 at wavelength between 680-1110 cm™
and PO, v2 at wavelength in between 1350-1550 cm™, these findings are typical for the enamel
structure. At 876-892 cm™, a secondary peak can be seen, which represents the carbonate apatite
(v2 COg3) phase of enamel. The characteristic shape of the biological PO, v2 was doubled
between 1410 and 1460 cm™.
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Figure 2; Native scan showing infra-red spectrum of human enamel specimen

Group 4 was used as a control group. Scans were made in the beginning of the
experiment, after two and four weeks. In Figure 4, the spectral results can be seen. We can
deduct from the results that during the four week period no major changes were occurred in the
spectra of the superficial enamel.
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Figure 3; Human enamel IR spectra depicting measurement of vl area under curve
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Figure 4; Human enamel IR spectra; red: native scan; orange: 2nd week scan; green: 4th week scan

Group 1 has been treated with 40% hydrogen peroxide for 20 minutes twice, within a two
day period; after each treatment a scan was made. In Figure 5 distinct changes can be seen after
each treatment, these changes show a continuous increase in size of the spectrum after each
treatment. Another scan was made after a week of incubation in isotonic salt solution at 37°C,
the spectrum suggests that the effect of the bleaching continued even when the specimens were
not exposed to the active agent.
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Figure 5; Group 1 human enamel IR spectra; red: Native scan; purple: 1st bleach treatment; green: 2nd
bleach treatment; light blue: 1 week control

Our results, seen in Figure 6, show, as expected, the spectra of specimens of group 2
widen after the first bleaching treatment, and a distinctive decrease in area of the spectrum right
after the first treatment with the tooth mousse. Second bleaching treatment did not produce a
large increase in size of the spectrum. Second tooth mousse treatment caused for an additional
decrease in area of the spectrum even beyond the native spectrum.
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Figure 6; Group 2 human enamel IR spectra; light blue: native scan; pink: 1st bleach treatment;
dark blue: 1st tooth mousse treatment; green: 2nd bleach treatment; red: 2nd tooth mousse treatment
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Spectra seen in Figure 7, show a consistent increase in size of the spectrum after first
bleaching treatment with light, and a decrease in size of the spectrum following the treatment
with amorphous calcium phosphate containing toothmousse.

As seen in Figures. 6-7, after treatments with GC tooth mousse, the spectrum provides
evidence that the tooth mousse can partially counter the effects of bleaching on the superficial
enamel, this was observed as the spectrum was reduced in area width after the treatment, and so,
more resemble the native spectrum. In case of Group 2, when bleached for the second time, the
graph did not show a significant characteristic changes as was seen after the first bleaching
treatment (Figure. 6). In Group 1 (Figure. 5), an increased spectrum area can be seen following
each 40% hydrogen peroxide treatment and a continuous effect of the peroxide can be suggested
since at the 1 week control additional increase in size of spectrum was detected. When Group 1
was subjected to a second GC tooth mousse treatment the graph showed to regress to area of
width smaller than the original value scanned at the native scan.
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Figure 7; Group 3 human enamel IR spectra; red: native scan; purple: 1st bleach treatment; green: tooth
mousse treatment

All the three groups of teeth that were exposed to 40% hydrogen peroxide treatment
showed distinct alterations in the IR spectra in the superficial enamel which consisted of increase
in area of the spectrum; these can be seen in Figure 8-10. In order to further clarify changes,
spectral integrals (Figure 8-11) were made.
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Figure 8; Integral representing area of PO, v1 area for group 2

As can be seen in Figure 8, area of apatite PO, v1 grew after bleaching treatment. After
treatment with GC tooth mousse the area reduced in size.
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Figure 9; Integral representing area of PO, v1 area for group 3

Results shown in Figure 9 are similar to those seen in other groups in regard to an
increase of area of the apatite PO, v1 area after first bleaching and a subsequent decrease in area after
the GC tooth mousse treatment.
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In Figure 10 we can see a gradual increase with each bleaching treatment, continues increase in
area can be seen at the control measurement done after 1 week.
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Figure 11; Integral representing area of PO, v1 area for group 4 (control group)

In Figure 11, we can see that without treatment, no major changes to the PO, v1 area could be
detected.
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Discussion:

In spite of the widespread use of the tooth whitening systems there is still confusion as to
the impact of bleaching agents on the structure of hard dental tissues Office treatments in
particular involve application of high-concentrations of peroxide. To remain stable, these
peroxide treatments must be formulated at extremely low  pH-value™®.

Dental enamel is the hardest mineralized biological tissue in the human body, containing
approximately 96% mineral, 3% water and 1% organic matter by weight. Bleaching is a widely
used conservative treatment of pigmented or discolored teeth; hydrogen peroxide is one of the
primary agents used. ! Hydrogen peroxide has a low molecular weight, and degrades readily to
form oxygen based free radicals (*OH and *OOH), or the per-hydroxyl anion (-OOH), these
radicals penetrate the enamel and move along the dental structure reaching the dentin and even
the pulp B3 The chemical mechanisms involved in bleaching teeth causes alteration or
destruction of the enamel organic matrix, allowing peroxide radicals to diffuse throughout
enamel toward dentin and decolorize chromophores. This is done by disrupting the electron
conjugation which can cause a change in the absorption energy of the organic molecules in the
enamel Y. These disrupted molecules reflect less visible light, thus making the tooth appear
lighter in shade [2-4.10]

The hydrogen peroxide concentration of commercial products varies from 3% to 40%
81, Previous studies show that the effectiveness of bleaching is directly related to exposure period
and concentration of the bleaching agent. An increase in concentration and exposure time will
cause the oxygen radical effect to become stronger, which then weakens the surface of the
enamel ™ ¥ though a much faster effect is obtained with high concentration gels ® the end
result can be achieved in all concentrations 2. In another study by Bistey et al.®* postulated
that at higher concentration the deleterious effect on superficial enamel is more pronounced, for
that reason in this study we chose to examine the effects of 40% hydrogen peroxide.

Commonly used techniques for measurement of the structure of enamel like transversal
microradiography (TMR)®® and cross sectioned microhardness methods can be used. However,
both these methods are destructive to the enamel structure ™. In our study IR spectroscopy was
chosen as the method of analysis of alterations in superficial enamel as this method allows for a
non-destructive measurement of the human enamel’s superficial layer, before and after hydrogen
peroxide treatments.

Besides the whitening effect of peroxides, side effects can also take place during or after
bleaching treatment. The wide use of peroxide radical containing tooth whitening materials
requires further investigation. Hydrogen peroxide is the only active ingredient in the most
frequently applied bleaching products. That is why specifically the effects of this substance were
studied in this research.
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Studies show a conflicting approach to the extent of structural damage in relation to
bleaching treatment, while some studies such as Lili Sun et al.*® which used AFM investigation,
Microhardness test, color investigation, ATR-FTIR spectroscopy and Raman spectroscopic
detection concluded that, with high concentration hydrogen peroxide satisfactory tooth whitening
results were achieved with minimal to none deleterious effects in case of non-acidic bleaching.
Other studies such as the study by Oltu, and Gurgan et al.l’®! that used IR absorption
spectroscopy and X-ray diffraction analysis, concluded that hydrogen peroxide at a lower (10—
16%)concentration, did not have a major effect on the enamel structure. In conclusion, the vast
majority of studies indicate that hydrogen peroxide and carbamide peroxide containing products
have only a minor deleterious effects on enamel and dentine surface morphology, chemistry,
microhardness and microstructure, even if one of the highest concentrations of hydrogen
peroxide or carbamide peroxide are used 11,

It is important to note that due to the fact that methods are not standardized in measuring
effects of bleaching on enamel surface, literature generally reports findings considering the
effects of high-concentration treatments on enamel structure which test for surface hardness,
ultrastructure, permeability, tensile strength and chemical ratios of calcium phosphate. Many
studied suggest that there is a potential deleterious effect on enamel and dentin 2. While on
the other hand, there are just as many other studies that suggest limited, minor or recoverable
effects to the tooth hard tissues [15-17:42-52]

Our study consisted of two parts; the first examined the effect of in vitro 40%
concentration hydrogen peroxide treatment, with, and without light, on human enamel. The
second aimed to show the effects of amorphous calcium-hydroxide containing mousse (GC tooth
mousse) application on the bleached superficial enamel. Results were measured using IR-
spectroscopy show alterations following treatment with 40% hydrogen peroxide. These
alterations were recorded in a form of transmittance pattern graph for apatite PO, v1 and POy v2,
after bleaching the graph became sharper at the peak and wider at the base suggesting an
increased penetration of the laser through the superficial enamel (Figure. 2). These finding were
exhibited and increased with each treatment using the 40% hydrogen peroxide. It was also
observed that after samples were stored in an isotonic solution at 37 ° C., transmittance pattern
kept on changing in Group 1 when scanned after a week. This suggested to us that hydrogen
peroxide might have a long term effect even after bleaching treatment has ceased.

An important factor in tooth whitening is the reversibility of the inner or surface
alterations in tooth hard tissues. The second half of our study examined the spontaneous
reversibility and the effects of GC tooth mousse on the changes in enamel after peroxide
treatment. While one group of specimens were stored in isotonic salt solution at 37 © C., between
the treatments and spectra measurements, the other was subjected to treatment with amorphous
calcium hydroxide containing mousse for five minutes following each bleaching treatment.
While IR spectral analysis showed a deleterious process, which continued after the second
bleaching treatment and has been shown a week following the last treatment to still be active in
Group 1; tooth mousse treated groups showed partial reversibility of the alterations both at the
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apatite PO, v1 and at the PO, v2 spectral bands. According to the above, it can be suggested that
amorphous calcium hydroxide treatment following bleaching is beneficial and can partially
reverse the effects of bleaching on the enamel surface.

To describe the changes in enamel a quantitative analysis was performed by calculating
the area of the apatite PO, v1 and at the PO,4 v2 spectral bands. In all groups when treated with
40% hydrogen peroxide an increase area of both bands was measured in each treatment.
Following treatment with the amorphous calcium hydroxide mousse, the area of both bands
decreased suggesting a partial reversibility to the alterations caused by bleaching. The hypothesis
that these alterations were done by the bleaching treatment and not by preparation and storage
were supported by the results measured with the control  group.

Although more studies are needed in the matter, in accordance to the results of this study
we recommend that tooth whitening treatment should be followed by a treatment with GC tooth
mousse in order to minimize the negative effects on the superficial enamel.

18



Conclusions

Using FT-IR spectroscopy changes in the structure of superficial human enamel were
seen in all specimens following treatment with 40% hydrogen peroxide with or without light in
vitro. Application of GC tooth mousse has a significant effect on bleached enamel. GC tooth
mousse can partially compensate the deleterious effect of bleaching. 40% hydrogen peroxide
treatment has a long lasting effect even when the bleaching material is removed and washed
away from tooth surface. Changes to the superficial enamel are proportional to the duration of
treatment.
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Appendix

In this research I performed by myself

Cutting the roots of the teeth

Hemisectioned the crown of the teeth
Embedding in epoxy resin

Polishing the epoxy in preparation for scanning
Bleaching treatments

GC tooth mousse treatments.

o arwnE

With the help of Bistey Tamas and Bakd Jozsef the following were done

1. Scanning using the IR-spectroscope
2. Collection of data and interpretations
3. Reaching conclusions about data collected
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