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Energy Dispersive X-Ray Spectroscopy Evaluation of Demineralized
Human Enamel after Titanium Tetrafluoride Application
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Objective: Evaluate the presence of a titanium dioxide layer after application of titanium tetrafluoride on
human permanent tooth enamel. Study design: The sample consisted of unerupted third molars. After the
removal of the roots, each tooth was mesiodistally divided into 2 fragments, one reserved for the experimental
group and the other for the control group. Before the treatments the fragments were artificially demineralized.
The experimental group (n=>5) received an application of 4% titanium tetrafluoride, for one minute and
the control group (n=35) did not receive any treatment. The samples were sputter-coated with a 20-30nm
gold layer as the energy dispersive x-ray spectrometer analysis was carried out in a scanning electron
microscope and the results were descriptively analyzed. Results: The titanium dioxide layer was present
on all experimental samples with a titanium peak varying between 6.82 and 26.37%. This layer was not
found in the control group. Fluoride and calcium fluoride precipitates were present in the samples treated
with titanium tetrafluoride. Conclusion: Titanium dioxide layer was formed after one titanium tetrafluoride
application, but it was not uniform. Further studies should be carried out so that both the morphology and

thickness of such layers can be better understood.
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INTRODUCTION

luoride has been widely used in the prevention and control of

caries' 2. It has been proven to be an effective anticaries agent

when delivered using various vehicles and concentrations,
including the professionally applied F 4. The fluoride mode of
action is mainly due to its influence on the de- and remineralization
kinetics of dental hard tissues *. The formation of calcium fluoride
(CaF-like) precipitates induced by applying topical fluorides is
regarded as decisive for the caries-inhibiting effect, because these
precipitates act as a reservoir of free fluoride ions available during
cariogenic challenge *°.
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Various fluoride vehicles have been described in the literature
126, When compared with other topical fluoride solutions, titanium
tetrafluoride (TiFs) has shown some interesting properties. Since
1972, when studies of TiF4 were first carried out, this solution has
been indicated as another ally in the prevention and control of
dental caries 7%

Titanium (Ti) itself is a non-toxic element, and no adverse side
effects have been reported to date °. TiFais a fluoridated compound
which causes both chemical and mechanical actions on the tooth
surface ™°. The hydrolysis processes of this substance forms fluo-
ride complexes such as: calcium fluoride, fluorapatite, and other
fluoridated compounds 3!". The mechanical protection is an addi-
tional effect of TiFs which is due to the formation of an acid-stable
surface titanium dioxide (TiO.) layer resulting from the reaction of
titanium with the structural oxygen (O2) '>'*. However, very little is
known about the characteristics of this TiO: layer.

Although the topical fluoride treatment has been used for caries
control for many years, there remains further interest to find better
products for this purpose. Therefore this present study aimed to eval-
uate using energy dispersive x-ray spectrometer (EDS) the effect of
a single application of TiFson a demineralized human permanent
tooth enamel surface.
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MATERIALS AND METHOD

In the present investigation, the sample consisted of five
extracted human permanent unerupted third molars. The teeth were
stored in a sealed container with a 0.1% thymol crystal aqueous solu-
tion (pH 7.0) until use. All enamel surfaces were carefully examined
and only specimens with intact surfaces were used. After the roots
had been removed, each tooth was then sectioned mesiodistally with
a diamond saw into 2 fragments, one half being reserved for the
experimental group (treated with 4% TiF4 solution ) and the other
serving as control (no treatment).

Before the treatments all of the fragments were subjected
to the formation of artificial caries lesion by immersion in 2%
hydroxyethyl cellulose, 1M lactic acid, pH 4.5, for 24 hours at 37
°C . After that, a 4 % TiFa solution (pH 1.0) was applied on the
surfaces of the specimens in the experimental group for 1 minute,
after which the specimens were rinsed with tri distilled water for the
same period of time. The enamel samples in the control group did
not receive any treatment on their surfaces.

A scanning electron microscope (SEM) (JEOL-JSM; 5800LV,
Tokyo, Japan) at 20 kV with a maximal 10,000x magnification
and equipped with an Oxford analytical system was used for the
morphological evaluation of the surfaces. For the EDS and SEM
analyses, the samples were fixed in stubs with the enamel surface
turned upward, after which the specimens were sputter-coated with
a 20-30 nm gold layer. The EDS analysis was made to assess the
mineral content of enamel, and to identify the chemical elements
existing in the surface enamel. The analyzed elements were: Tita-
nium (Ti), Fluoride (F), Oxygen (O), Carbon (C), Sodium (Na),
Calcium (Ca) and Phosphorus (P). This analysis was performed
with the link and automatic image analyzer system Kontron. One
measurement was made in each sample to evaluate the chemical
elements in the total area of surface. The results were analyzed
descriptively and represented by the mean of the measured values
for all samples in each group.

RESULTS

The percentage mean of chemical elements found on the enamel
surfaces for the experimental and control group is described in Table
1. An irregular TiOz layer was found on all samples in the experi-
mental group, with the titanium peak varying from 6.82 to 26.37%.
This layer on the titanium samples was not uniform in quantity
and was found in different areas on the same tooth. Considering
different teeth, the application did not provide the same amount of
titanium to each tooth. Besides this layer, a calcium fluoride-like
layer as a reaction product was observed on all samples. There was
no titanium peak, no titanium dioxide layer or calcium fluoride-like
on the control group samples. Figure 1 illustrates the EDS map,
exemplifying one sample in the experimental and control groups.

DISCUSSION

Many studies have been conducted to determine the best F
therapy for dental caries treatment and prevention *'°. However,
a high frequency application of products with a low F- concentra-
tion has been considered the best treatment for caries prevention .
Nevertheless, in situations of high caries risk, professional topical
fluoride is considered an excellent alternative because of its high
F-concentration ©'°.
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In the present study, in vitro demineralization of the enamel was
opted for in order to produce standardized artificial carious lesions
for the application of TiF4 as proposed by Hubbard '7 and White '8.
However some authors argue that in vitro tests can be rather limited,
particularly in terms of their incapacity of offering a faithful repro-
duction of the complex biological process that takes place in carious
lesions. Nevertheless, Arends and Christoffersen '° concluded that
when acids are used for demineralization, the artificial lesions
produced have similar morphology and exhibit the same develop-
mental stages as those lesions newly formed in the mouth.

The samples selected for the present study consisted of
unerupted third molars, extracted for clinical or orthodontic reasons.
Because these teeth had had no contact with the oral environment,
an important criteria, there was no enamel mineral loss, which
occurs on normal contact with the oral cavity 2.

The chemical analysis revealed the presence of titanium (Ti)
in all samples treated with TiF4. In the control group samples this
element was not found in the EDS analysis. The elements oxygen,
sodium, phosphorus, magnesium and calcium had almost the same
percentages in all samples (Figure 1). The presence of a titani-
um-rich layer on the teeth surface following the application of TiF4
solution was previously described 7'*?'. EDS analysis showed that
this layer is very rich in titanium thus reinforcing the idea that tita-
nium dioxide is formed on the enamel surface irrespective of the
penetration of the titanium.

Other authors have observed that the glaze-like surface layer
formed after the application of the TiF, offers a protective effect
against demineralization %%, The reaction mechanisms of TiFs with
the tooth surfaces and therefore the reason for the stability of the
glaze and the protective effect have not been fully elucidated yet but
it has been proposed that when TiF4is applied on dental surfaces the
titanium breaks its connections with the fluoride ions and quickly
links itself to the oxygen existing in the tooth enamel, thus forming
a layer of TiO, ". Titanium ions play a decisive role since they can
be linked to sound or decayed enamel surfaces 7',

Although the formation of this layer is an indisputable fact,
there were a large number of irregularities on this layer among
the different teeth and different areas of the same tooth. This fact
can be explained by the lack of uniformity of the enamel structure
added to the high porosity of the demineralized enamel that is due
its inorganic nature, which makes it particularly vulnerable to ionic
exchanges 2. Also, the low water content found in demineralized
enamel may prevent the link between titanium and oxygen and thus
prevent the formation of a TiO: layer in these areas '.

The results of the present study showed that the application of
a 4% TiF4 solution formed a glaze-like surface layer, and suggested
that this layer can offer additional mechanical protection. However,
further studies should be conducted for a better understanding of the
morphology and thickness of this layer.
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Table 1. Mean differences between experimental and control group in percentage of chemical elements found on the enamel surfaces.

Experimental Group Control Group
semen T

Mean *SD

Mean *SD
Sodium (Na)
Phosphorus (P 24,87 - 28,55
Oxygen (O)
Calcium (Ca) 44,05 - 65,19
Magnesium (Mg)
Titanium (Ti) 6,82 - 26,37
Others

22,32 - 27,05

52,31 - 70,91

The symbol (-) indicate that the element titanium was absent in the control group.

Figure 1 — EDS analysis of enamel samples after treatment with TiF4, presence of the elements: oxygen, sodium, phosphorus, magnesium
and calcium and titanium.
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