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Oxidative Chemical Hybrid Formulations for Internal
Bleaching of Endodontically Treated Teeth
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This study aims to develop new biocompatible hybrid bleaching materials based on titanium dioxide (TiO2),
silica dioxide (SiO2) and ascorbic acid (Aa) and to test the characteristics of the bleached teeth, by atomic
force microscopy and compressive load at break analyses. The new bleaching agents have similar efficiency
with sodium perborate but they are less aggressive towards the tooth than the peroxides. The efficiency of
the novel bleaching system consists in lack of side effects, confirmed by mechanical tests.
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A non-vital tooth suffers changes in its optical
characteristics and becomes prone to discoloration.
Because the aesthetic demands are increasing yearly, the
bleaching products industry developed very efficient
materials in order to treat the discoloration [1]. The
bleaching treatment is based on the chemical reaction of
oxidation. The conjugated double bonds of the cromophore
compounds are oxidated determining changes in teeth
colour. For a non-vital tooth, internal bleaching is preffered.
The internal bleaching procedure follows the walking
bleach protocol [2,3].The most popular and efficient
commercially available bleaching products consist in
hydrogen peroxide, carbamide peroxide and sodium
perborate. The major concern about these materials is the
appearance of late complications [4-6] such as
hypersensitivity, mucosal irritation, changes in enamel and
dentine structure and  micromorphological defects due to
demineralization [7,8]. The changes of mechanical
properties are leading to higher risk of coronal and root
fracture. The most affected properties are surface
morphology, texture and hardness. If the endodontic
preparation is as minimal invasive as possible, there are
great chances of reducing the fracture risk [9,30].

The paper proposes a novel approach for bleaching
endodontically treated teeth using inorganic oxides with
applications in both pharmaceutical and food processing
industries, TiO2 and SiO2, respectively and to assess the
potential changes in texture and surface morphology. TiO2
is nontoxic and compatible with the human skin and
mucous membranes [10,31,32]. The anatase crystalline
form is used for pharmaceutical purposes more frequently
than the rutile form. On the other hand, SiO2 used in this
study is known both as hydrophilic and inert filler material
more likely than oxidizing agent. SiO2 is used in the
bleaching formulation as white hydrophilic filler.

Oxidative stress describes various deleterious processes
resulting from an imbalance between protective
antioxidants and damaging oxidants, such as  reactive
oxygen and nitrogen species. These species are also
formed in physiology, reacting with cellular components
in the  process described as redox signaling [11,33,34].

The use of  TiO2 as oxidizing agent instead of the
commercially available products could take advantage of
the limited oxidative stress in dental environment with less
potentially deleterious side effects. In adition to the two
oxides,  ascorbic acid  was introduced in order to balance
the oxidant/antioxidant local activity of the bleaching
system, decreasing oxidation and  leading thus to a mild
bleaching process, less aggressive for dental structure.

Besides other inorganic oxides TiO2 and SiO2
nanoparticles were used as for coating microimplants or
brackets in orthodontics as antimicrobial agents [12,35,36].
The influence of SiO2 nanoparticles filler on the physical
and mechanical properties of composite materials have
been reported [13,37,38].

The presence of SiO2 in hydrophilic mixture of mineral
oxides, as mineral aggregate evaluated for antimicrobial
effect on anaerobic bacteria isolated from infected root
canals, is another argument for using this as hydrophilic
filler in our bleaching formulations [14,39-41].

The aim of paper is to develop novel bleaching material
formulations based on inorganic oxides mixed with
antioxidant, used in a single step treatment. In order to
evaluate the bleaching effect on the potential changes in
texture and surface morphology of treated teeth,
mechanical tests and atomic force microscopy analysis
were performed.

Experimental part
Materials and methods

Materials used: food grade SiO2 and 100% anatase TiO2
(Degussa) , ascorbic acid, artificial saliva and Tetrahydrate
Sodium Perborate (Merck), Hydrogen Peroxide 35%
(Ultradent), Sodium Hypochlorite 5.25% (Cerkamed), gutta-
percha points, paper points and calcium hydroxide sealing
paste (Meta Biomed), hybrid composite resin (GC Europe),
temporary filling cement (Citodur, DoriDent).

Bleaching protocol
Sixty extracted monoradicular and pluriradicular human

teeth were used in this study. The teeth were divided in 6
groups of 10 teeth each. Each group is formed of three
types of teeth (premolar, molar and frontal teeth). Groups
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1-5 were treated with five different bleaching formulations
(table 1) while Group 6 is the control (endodontically
treated, without bleaching).  The teeth were selected based
on predetermined inclusion criteria (vital teeth extracted
on orthodontic purpose, sound dental crown) and
exclusion criteria (having undergone any dental procedure
before, cavities). The teeth were prepared for the
endodontic procedure by cleaning with distilled water. The
minimal invasive access cavity [15,16]  was done on the
occlusal surface of the pluriradicular teeth and on the oral
surface of the monoradicular teeth. The mechanic
treatment was performed using the Step-back technique
with Kerr and Hedström needles. For the closure of canalar
system the lateral condensation technique was performed
using a sealing paste rich in Calcium hydroxide(Adseal,
Meta Biomed, United States of America). A temporary
cement was placed on the acces cavity (Citodur DoriDent,
Wien, Austria).

Artificial staining was performed in order to simulate
the appearance of discoloration. A solution of concentrated
black tea (2 g in 100 mL distilled water) [17] was used to
for the staining procedure. The treated teeth were
immersed in the solution for 24 h.

The bleaching technique was started 24 h after staining.
The temporary filling material was removed together with
a 2 mm-thick part from the cervical canalar obturation. A
2 mm layer of glass-ionomer cement was placed in the
gap in order to prevent root resorption. A certain quantity of
bleaching material has been placed in the pulp chamber
according to the Walking Bleach technique. Between
treatment stages, all the specimens were kept in artificial
saliva.

The novel materials were divided between the first three
groups. In contrast, for groups 4 and 5 there were used
commercially available bleaching products(P and OE).

At the end of the experiment, all the access cavities
were obturated with a light-curing composite resin (G-
aenial, GC, Europe).

X-ray diffraction analysis
X-ray diffraction (XRD) analysis was performed for

characterizing crystalline structure of the purchased
oxides. X-ray diffraction patterns were recorded using Inel
model Equinox 3000 diffractometer, which operates in
reflection with CoKa radiation (λ  = 1.7903 Å).  The
difractometer equiped with CPS120 detector allows
instantaneous diffraction signal detection at 90Owith 0.08O

resolution. Samples were investigated on a rotating Al

support to reduce the preferential orientation effects.
Acquisition time for diffractograms was 10 min.

Mechanical properties
In order to evaluate the bleaching influence upon dental

structures, the mechanical properties of the bleached
specimens were determined, such as nanohardness,
modulus of elasticity and the compressive load at break.
The results were compared to previously reported values
of endodontically treated teeth [18].

Atomic force microscopy investigations
The atomic force microscopy investigations were

performed using a XE 70 microscope for nanohardness
and modulus of elasticity determination. The mechanical
characterization at nano scale is done by nanoindentation
tests. The tests were carried out at room temperature with
a  30% relative humidity. A TD21464 nanoindentor
(stiffness: 156 N/m; frequency: 54 kHz; tip radius: < 25
nm; tip height: 103µm; thickness: 19 ∝ m; length: 581
µm) was used for characterizing the samples [19].

The experimental research done in this study was
performed at three different loads namely 20, 50 and 150
µN respectively. Four tests were performed for each load,
in five different areas of each specimen. Before
nanoindentation tests, each tooth was centered on a flat
metal support, horizontal with the buccal surface facing
upwards (fig. 1). A number of 54 teeth specimens has been
investigated by AFM analysis. The results are the mean
values of four tests in five different areas for each tooth
and for each load [20].
Compressive load at break tests

Table 1
THE GROUPS TEETH SPECIMENS AND THE CORRESPONDING BLEACHING FORMULATION. COMPOSITION,

ABBREVIATION AND COMPONENTS WEIGHT RATIO OF BLEACHING FORMULATIONS

Fig.1. The images of three teeth specimens prepared for AFM
analysis
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For the compressive load at break test it was used a
universal testing machine (Instron 3366) with a cell load
activated at a constant crosshead speed of 1mm/min.
Each experimental group contained three types of teeth
(incisors, premolars and molars). For each teeth type three
specimens were tested, the reported data are the mean
values of three measurements.

A number of 54 (n=9) teeth undergone the fracture
resistance test. The teeth were immersed partially in acrylic
resin (Duracrol, SpofaDental, Romania) filling a cylindrical
container of 1,5 cm height and 1 cm in diameter. The root
of teeth was immersed in acrylic resin until the cement-
enamel junction as seen in figure 2 a.

The cylinder containing the specimen was introduced
under a 45O angle into a stainless steel holder (fig. 2 b). The
holder was placed inside the machine and the load was
applied to the oral cusp/oral surface of each specimen
(fig. 2 c). The testing machine determined the moment of
fracture by detecting the decrease in force measurement
[21].

Mechanical properties
Atomic force microscopy analysis

The obtained results both from the topographical and
mechanical points of view were interpreted using the XEI
Image Processing Tool for SPM (scanning probe
microscope) Data software. Tracks like those presented
in figure 4 are obtained on the specimen surface after
removing the loads.

Fig. 2. The images of teeth specimens: belonging groups 1-5 and
control (C) fixed in acrylic resin (a); placed in stainless steel

holder under a 45O angle (b); under compressive load
 at break test (c)

Results and discussions
XRD patterns of TiO2 and SiO2 samples are illustrated in

figure 3. Indexing of XRD patterns was performed  using
JCPDS file (21-1272). X-ray pattern of TiO2 indicates
crystallization in tetragonal system from spatial group I41/
amd characteristic for anatase. X-ray pattern of SiO2 sample
reveals an amorphous structure.

Fig. 3. XRD patterns of TiO2 and SiO2 samples

Fig.4. Track left on sample 1 belonging to group 1 surface by the tip
of the nanoindentor

The force vs. Z scan curves are obtained after the
indentation of the teeth specimens (fig. 5). These curves
are interpreted using the Oliver and Pharr method for
determining the nanohardness and the modulus of
elasticity of the investigated teeth specimens (fig. 6).

Fig.5. An example of the force vs. Z scan curve for the premolar 1.1
from Group 1
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The mean values of nanohardness and modulus of
elasticity of tested teeth specimens for each of the three
different loads are displayed in figure 7.

Compressive load at break
The compressive load at break (N) mean and standard

deviation values of the experimental groups of
endodontically treated and bleached teeth (groups 1-5)
versus the control (group 6), endodontically treated only,
without  any bleaching treatment, are  displayed in table 2.

Fig. 6. Image of the XEI Image Processing Tool for SPM Data software
for determining the nanohardness and modulus of elasticity of the

premolar 1.1 from Group1

Fig.7. The mean values of the nanohardness and modulus
of elasticity for the investigated Groups (1-5) and Control

(Goup 6) teeth specimens at different loads: (a) 20,
(b) 50 and (c) 150 µN

Table 2
 MEAN AND STANDARD DEVIATION OF THE COMPRESSIVE

LOAD AT BREAK (STANDARD) (N) FOR THE TESTED  GROUPS

It was used food grade 100% anatase TiO2 whose
crystalline structure was confirmed by XRD diffraction
pattern. The most important redox processes on the surface
of TiO2 particles are: the reduction of oxygen (O2) in air
(eq. (3) and oxidation of water (eq. 4). When O2 is reduced
by one electron provided by TiO2 (3), it becomes a
superoxide radical ( •) that is further reduced by one
electron (4) or reacts with a hydroperoxyl radical (HO2•,
i.e. protonated •) to form hydrogen peroxide (H2O2)
[22]. One-electron reduction of H2O2 (5) produces hydroxyl
radical (OH•). The effect of H2O2 addition on the rate of
OH• formation in aqueous suspension systems was
studied for various TiO2 crystalline forms [23].  The OH•
formation rates were increased with the addition of H2O2
for rutile-containing anatase, and for rutile. The quite
opposite tendency was observed for 100% anatase TiO2,
where the OH• formation rate decreased on H2O2 addition.

The formation of superoxide radical ( •) determines
an oxidative stress in the system, leading to the bleaching
effect of the surrounding medium. The main reason for
choosing anatase TiO2 is to prevent, as much as possible,
supplementary radical reactive species formation, in order
to make the oxidative process less aggressive on dental
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tissue.  The Aa added in the formulations TAa and TSAa
slows down the oxidative process by partially scavenging
the reactive radicals, useful  for a mild bleaching effect on
non-vital teeth.

Figure 7 shows the variation of the hardness and the
modulus of elasticity of the investigated samples. The two
mechanical characteristics are decreasing with the
increase in loads. However, a similar trend is observed
regardless of the loads. The values of the tested samples
are relatively close (of the same order of magnitude) to
the control sample. This indicates that the whitening
treatment does not lead to a significant change in
mechanical properties of the teeth. In addition,
nanohardness and modulus of elasticity may fluctuate
because the teeth coming from different people have
different intrinsic characteristics.

The fracture resistance values were similar to the control
group. The results are similar with the values of untreated
teeth found in literature, namely mean values of 502.5 N
for anterior teeth [24], a range from 177.7 N to 445.38 N for
premolars [25-27] and a range from 364.18 N to 1129 N for
molars [28,29,42].

Group 5 recorded lower values of resistance, meaning
that hydrogen peroxide alters the tooth’s internal structure
that leads to a lower value of fracture resistance. The higher
resistance values of group 3 indicate the synergistic effect
of the three bleaching agents mix (T, S and P) which allow
satisfactory bleaching, being less aggressive on dental
structure.

The obtained results regarding mechanical tests
highlight the fact that the treatment using the bleaching
formulations TAa and TSAa doesn’t affect the dental
structure of the tested teeth. Further studies should be
performed in order to test other plausible side-effects, such
as root resorption.

Further studies could involve the enhancement of TiO2
internal bleaching effect by photosensitization. Prospective
studies should be done on the protein content of human
enamel influence on the mechanical properties from
freshly extracted teeth and on root resorption after
treaments with hybrid bleaching agents.

Conclusions
Results regarding the utility of the developed bleaching

system reveal good bleaching effect on discolored non-
vital teeth. The efficiency of the novel bleaching systems
consists in reduction of side effects, confirmed by
mechanical tests. The most effective bleaching results
were achieved by formulations including TiO2 /Aa; TiO2 /
SiO2 /Aa and TiO2 /SiO2 /small amount of sodium perborate.
The obtained results in respect to the bleaching treatments
performed in this study using both bleaching agent and the
antioxidant, in certain ratio, concomitantly in a single
treatment step show the efficiency of using them in this
manner, rather than applying the antioxidant consecutively.
This opportunity is very important as it leads to the shortage
of treatment procedures.
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