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Abstract: Esthetics of the enamel surface is an important factor for a good oral health care. The
mastication process could damage the enamel surface by hydroxyapatite layer alteration via local
demineralization and micro scratches. We developed an experimental green tea extract gel for enamel
restoring treatment. Microstructure features were investigated by SEM microscopy and the surface
details were revealed by AFM. The surface roughness and hydroxyapatite grains size and shape were
the parameters followed into the investigation. The results show that the best restoring is obtained by
the experimental gel leading to surface parameters similar to the healthy enamel better than the values
obtained with opalescence carbamide gel.
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1. Introduction
A good appearance of teeth is a great concern for the patients, who seek aesthetic treatments in
order to eliminate tooth discolorations [1]. Among the treatment methods, tooth whitening has
attracted the interest of patients and, also dentists, because it is a non-invasive technique and relatively
easy to perform [2].
The most used bleaching products contain carbamide peroxide and the concentrations most
commonly used and indicated to patients by the dental practitioners are 10% and 15%, respectively. It
is known that exposed to buccal fluids, the carbamide peroxide gel breaks down into water, urea and
oxygen. Also, the amount of oxygen released from the 10% carbamide peroxide gel is equivalent to
that of 3% hydrogen peroxide [3].
The mechanism of action of teeth whitening gels is based on oxygen free radicals, released by
decomposition of carbamide peroxide or hydrogen peroxide [4]. These free radicals responsible for the
whitening effect, through oxidation, also produce physical and chemical changes [5] of the dental
structure, reducing the proportions of important enamel components, such as: calcium, fluorides and
phosphates [6-8].
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Green tea is a leading drink in the Far East for thousands of years before it became a popular hot
and cold drink worldwide. Many studies have suggested that the consumption of green tea is
associated with the reduction of the risk of several pathologies and an increasing number of evidences
mentioning a beneficial role of green tea in oral health [9].
Green tea contains polyphenols such as: epicatechin (EC), epigalocatechin (EGC),
epicatechingalate (ECG) and epigalocatechingalate (EGCG). Epigalocatechin-3-gallate is the main
chemo-active constituent of green tea. Green tea leaves also contain caffeine, theanine, micricetin,
quercetin and kaempferol, all of which are part of the alkaloid group. The varied chemical composition
of green tea has been explored in different biomedical fields, with an accent on the antioxidant,
anticancer and anti-inflammatory potential of EGCG [10-13]. The EGCG structure includes a
benzenediol ring attached to a tetrahydropyran fraction, a pyrogalol ring and a galloyl group (with the
pyrogalol ring) [14, 15]. The structural characteristics of catechins contained in green tea, which
contribute significantly to their antioxidant action, are the presence or absence of the gallium part and
the number and positions of the hydroxyl groups on the rings. These chemical fractions present the
ability to interact chemically by hydrogen bonding or by electron and hydrogen transfer processes in
their antioxidant activities. In fact, the antioxidant mechanism involves hydrogen atom transfer or
single electron transfer reactions, or both. It is also believed that tea catechins exhibit antioxidant
activity, which eliminates the lipid and peroxyl alkoxyl radicals, acting as antioxidants that break the
molecular chain [16].The present study aims to evaluate the effect of the experimental extract based on
green tea on the surface changes of the tooth enamel bleached with carbamide peroxide gels.

2. Materials and methods
Enamel surfaces used in this article are collected from 28 healthy molars which were extracted for
orthodontic purposes. They were taken into study and randomly divided into four experimental groups,
as follows: GCN group, which served as control group, GCC group, stained control group and GO
groups and GE, which were designated experimental groups.
Treatment of the enamel surface was performed by two gels: a commercial one -16% carbamide
peroxide (PC) bleaching gel (Opalescence, Ultradent Products, South Jordan, UT, USA) and the
experimental green tea extract and carbamide peroxide bleaching gel
The 28 teeth were mounted in self-curing acrylate prisms (Duracryl Plus, SpofadentalInc, Jičín,
Czech Republic) up to the level of the enamel-dentin junction, keeping the entire coronary portion
free.
Staining protocol
The experimental groups GCC, GO and GE were subjected to a staining process, the molars being
immersed in coffee solution 8 h / day, for 3 consecutive days. The coffee solution was prepared in the
Saeco Pico Baristo machine in espresso mode, using 5 grams of Lavazza coffee (Luigi Lavazza SpA,
Turin, Italy) in 100 mL of water. Freshly prepared coffee solution was used at each session. Between
the staining sessions, the teeth were kept immersed in artificial saliva at 37⁰C.
Bleaching protocol
The whitening protocol aimed to simulate a home- used bleaching treatment, using individualized
trays. Thus, 16% carbamide peroxide bleaching gel (Opalescence, Ultradent Products, USA) was
applied to the GO group 6 h / day for 7 consecutive days. The GE study group was bleached with the
experimental gel 6 h / day for 7 consecutive days. At the end of each bleaching step, teeth were rinsed
for 60 s in water and then stored in artificial saliva at 37⁰C.
Preparation of the experimental extract
The green tea based experimental extract was prepared at the "RalucaRipan" Chemistry Institute of
Babes-Bolyai University, Cluj-Napoca as follows: 20.0 g of green tea leaves were added to 200 mL of
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boiled distilled water (R. Twining and Company Limited, London, UK). The extract solution was left
to infuse for 10 min. The obtained product was filtered to remove possible impurities and was stored in
sterile containers at 4⁰C for later use. To obtain the experimental bleaching gel, the extract solution
was used, to which carbamide peroxide, polyethylene glycol and silicon dioxide were added according
to the formula: 100 g experimental bleaching gel contains: 22.2 g polyethylene glycol, 7.7 g silicon
dioxide, 16 g carbamide peroxide and 54,1 g green tea extract.
At the end of the experiment, slices from the vestibular portion of the molars from each study
group (GCN, GCC, GO and GE) were taken in order to analyze the enamel aspect by scanning
electron microscopy and atomic force microscopy.
All experimental groups were evaluated by scanning electron microscopy (SEM) to highlight the
modification of the tooth surface as a result of the staining treatment and then bleaching. For
comparison, we used as a control the group of, molars (GCN) not subjected to staining and bleaching
processes. The samples were examined using an Inspect-S microscope (FEI Company USA). Several
imaging units were used, and the recordings were made on the surface of the tooth enamel.
The atomic force microscopy (AFM) was performed on a JEOL JSPM 4210 Scanning Probe
Microscope, Japan. The topographic images were recorded in tapping mode using NSC 15 cantilevers
produced by Micromesh Co. Bulgaria (resonant frequency 325 kHz and force constant 40 N/m).
Enamel microstructure was scanned at an area of 5 µm x 5 µm at a scan rate of about 1 Hz and the
nanostructure was scanned at area of 1 µm x 1 µm at a rate of 1.5 – 2 Hz. The AFM topographic
images were processed using WinSPM 2.0 Processing soft powered by JEOL for the AFM
microscopes.

3. Results and discussions
The overall condition of the enamel is very well observed in the SEM images for the control group
(GCN) made up of molars not subjected to any experimental treatment. Figure 1 shows the regular
architecture of hydroxyapatite prisms, with only a few lesions related to tooth wear due to mastication.

Figure 1. SEM appearance of untreated enamel, GCN group
In the stained control group (GCC), as it showed in Figure 2, we observe the deposits of the
staining substance on the surface of the enamel level, somehow covering the tooth wear injuries.

Figure 2. SEM appearance of the stained enamel, GCC group
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In the SEM analysis after staining with coffee solution and bleaching with Opalescence gel, it is
observed the change in the appearance of the surface of the tooth enamel, which is smooth, with small
irregularities. However, comparing the appearance of the dental surfaces in this group with those of the
control group, we observe that the architecture has changed. Enamel architecture is no longer similar
to that of the untreated control group. The whitening gel smoothed the surface of the enamel
somewhat, removing both the deposits from the chromophore molecules and the traces of wear (Figure
3).

Figure 3. SEM appearance of the enamel bleached with Opalescence gel
In the case of teeth whitened with experimental gel, the following aspect was observed at SEM: the
chromophore molecules were removed from the enamel surface, which appeared somewhat smooth.
However, the dental surfaces show no similarities to the experimental group bleached with
Opalescence gel, which appears to be covered with a protective film, as it is showed in Figure 4.

Figure 4. SEM appearance of the enamel belonging to the group
bleached with experimental gel
AFM analysis of enamel microstructures
Although, the overall appearance of the tooth enamel is very well observed in the SEM imaging,
the fine microstructure details were highlighted using atomic force microscopy (AFM) at a scan area
of 5 µm x 5 µm. The samples of untreated enamel have a well-maintained surface (Figure 5a), where
we notice the special compactness of the hydroxyapatite crystallites (HAP) structures. The only signs
that the tooth was used for chewing are some low depression (darker areas), which is due to the natural
wear of the tooth.
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Figure. 5. AFM topographic images of the enamel microstructure: a) untreated,
b) stained, c) bleached with Opalescence gel, and d) bleached with experimental gel
(scanned area: 5 µm x 5 µm)

Figure 6. Mean roughness
values of enamel
microstructure

At the nanostructure AFM analysis, the samples of untreated tooth enamel, respectively the control
group, we can observe better the hydroxyapatite crystallites very well bonded to each other (Figure
6a). The reference values of the roughness (Ra) at the nanostructure level are shown in Figure 7.

Figure 7. Mean
roughness values of
enamel nanostructure

In AFM analysis of the dental samples after they have been subjected to the staining process, a
surface with microstructural differences associated with deposits is highlighted. As shown in Figure
5b, these are in the form of ovoid agglomerates of the chromophore substance physically fixed to the
enamel surface. At the AFM analysis of the enamel nanostructure, the enamel in the experimental
group treated with coffee solution presents altered hydroxyapatite crystallites with elongated ovoid
form, aspect illustrated in Figure 8b. The high degree of alteration of the morphology of the HAP
crystallites also indicates acid erosion produced by the staining substance, followed by its massive
deposition on the enamel surface, thus increasing the enamel surface roughness (Figure 7).
The AFM analysis of the bleached group with Opalescence, GO, shows a surface that is observed
following the blurring induced by the stains that have affected the enamel, but which is markedly
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improved (Figure 5c). We appreciate that the Opalescence whitening gel provides the enamel healthy
surface appearance, eliminating the chromophore conglomerates, although its roughness remains high
(Figure 8). At the nanostructure level, the reinvigorated appearance of the enamel is also highlighted,
and the HAP crystallites are very well bonded together, with a multilayered spheroid appearance. This
fact explains the increased roughness to that of the healthy enamel (Figure 7).
In the AFM analysis of the enamel of the study group bleached with the experimental gel, we have
detected a very good removal of the differences induced by coffee staining of the tooth, which
correlates with an improved aesthetic aspect of the samples (Figure 5c). We can say that bleaching
with the experimental gel leads to the best whitening result from the point of view of restoring the
healthy enamel stage (Figure 5d). The enamel surfaces of the group treated with experimental gel show
after treatment, at the microscopic aspect analysis, morphology identical to that of the untreated
enamel, also having an average roughness value for some samples very close to that of the untreated
enamel (Figure 6). It is also observed the successful removal of stains and impurities, as well as the
preservation of the compact structure of HAP crystallites. This aspect is also confirmed by AFM
analysis of the enamel nanostructure, where the compact and smooth structure of the enamel is
observed after treatment. The mean diameter of HAP crystallites is close to that of healthy enamel and,
also the roughness measured at this level is close to that of the untreated group (Figure 7, Figure 8d).
This is proof that the treatment was able to completely remove the stains, but also led to the repair of
chemical erosion traces.

Figure. 8. AFM topographic images of the enamel nanostructure: a) healthy
b) stained with coffee, c) bleached with Opalescence gel, and d) experimental
gel bleach and (scanned area: 1 µm x 1 µm)
Numerous studies have shown that the effects of bleaching agents on tooth enamel can range from
insignificant to major changes in its structure and morphology depending on the whitening protocol
used [16-18]. In the idea of these studies it was shown that the higher the concentration of carbamide
peroxide, the more, the surface micro-hardness was altered [19]. These changes are correlated with the
oxidative action of hydrogen peroxide on the organic phase of hard dental tissues [21]. This
disturbance of the structure of the organic matrix of the tooth enamel consists in the removal of
inorganic elements from the matrix, resulting in erosion zones interspersed with healthy areas, giving
the enamel a macroscopic rough appearance [18, 21]. Also, as a result of this increase of the porosity
of the enamel after bleaching, the penetration power of hydrogen peroxide also increases towards the
dental pulp [21-23].
Other research has suggested that increasing enamel roughness after whitening with carbamide
peroxide gels may favor the adhesion of Streptococcus mutants to the dental surface [24]. Also, in this
direction, Heshmat et al concluded that the acid can diffuse into the tooth and dissolve carbonated
hydroxyapatite, resulting in a de-mineralized porous enamel of similar appearance to that of carious
lesions [25].
It is also known that saliva is capable of re-mineralizing enamel hydroxyapatite crystals due to its
ability to supply calcium and phosphate ions. At a physiological level of pH, saliva is supersaturated in
calcium and phosphate ions [26]. However, on the other hand, it has been shown that the precipitation
of phosphate and calcium ions in saliva does not normally occur, due to the presence of salivary
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proteins, especially statherine and proline-rich phosphoproteins [27, 28].
Although some studies have concluded that the roughness of the bleached enamel can be improved
by refilling with ions contained in saliva, however, prolonged use of whitening gels can disrupt the
demineralization balance, caused by the bleaching and re-mineralizing agent based on the saliva
buffering capacity [29]. In addition, an improvement of the re-mineralization of bleached enamel has
been reported by the application of nano-hydroxyapatite products, which act as micro porosity closing
agents, resulting from the loss of mineral ions during tooth whitening [30].
In this context, some studies have proposed the use of substances, which fill the microporosity
produced by bleaching with different results; Attin et al demonstrated the positive effect of topical
application of 5% sodium fluoride [31]. Other research has concluded that local fluoride applications,
on the contrary, do not improve the surface alterations of the enamel [32].
Based on these changes in the enamel surface during the bleaching treatment, the researchers
proposed the problem of developing and studying some preparations, which would stimulate the remineralization of the affected enamel or fill the gaps created in its organic matrix. Thus, Jose et al
concluded that before the application of re-mineralization agents, the application of tea-based
preparations may be an accept option to re-mineralize the de-mineralized hard dental tissues [33]. Yu
et al concluded in a study that, in addition to fluorine, the organic components of tea also have the
property of increasing the acid resistance of tooth enamel. It also suggests that organic components
seem to play a major role in their actions, rather than fluoride [34].
Mukka et al indicated the use of pomegranate peel extracts, grape seeds and pine bark as
antioxidants immediately after the bleaching procedure [35].Another study showed that toothpaste
containing 15% green tea extract favored re-mineralization of white enamel, showing an increased
value of micro roughness [36]. De Moraes et al concluded that the use of green tea extract applied to
dentin can be an effective means of protection in reducing the erosion process of dentin by its
protective effect on the roughness and wear of dentin following erosion [37].

4. Conclusions
After the bleaching treatment was completed, both experimental groups showed increased
microstructural roughness compared to the untreated control group. Following the bleaching with
Opalescence gel, the enamel surface shows a modified architecture compared to the one of the healthy,
untreated enamel, and the roughness at both microstructural and nanostructure level has higher values
than the control group.The experimental gel whitening group based on green tea extract and caramide
peroxide showed microstructural levels with respect to the control group, but at the nanostructure level
it had similar values to the control group.
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