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ABSTRACT 
 
 
Hydrogen Peroxide’s a bleaching agent capable of oxidizing a wide range of colored organic, causing 
discoloration and hence bleaching of the substrate, but some authors related the occurrence of side effects 
related to bleaching of the tooth structure, such as changes in morphology superficial. It was used 6 bovine 
incisors, each tooth was initially evaluated six times in different areas to obtain the count of elements 
phosphorus and calcium using X-Ray Fluorescence. The teeth were randomly divided in two groups: both 
groups were submitted to bleaching in office with hydrogen peroxide 38%, once a week during three weeks. 
Group 1 was stored in distilled water and group 2 in artificial saliva, between the sessions. The measurements 
were repeated every seven days before the bleaching treatment. Besides that, changes in mineral levels were 
always assessed in the same area and using the same procedure. It was observed that the bleaching was not able 
to demineralize the tooth enamel studied.  
 
 

1. INTRODUCTION 
 
The bleaching therapy is becoming a more common procedure in dentistry, since it was first 
described in 1989 [1]. However, concerns have arisen about the biological effects of its use, 
mainly by the ability to mineralized soft tissues. 
 
The bleaching agents are composed by hydrogen peroxide (HP) or carbamide peroxide (CP), 
the last decomposes into urea and hydrogen peroxide (HP). Hydrogen Peroxide (HP) is an 
oxidizing agent capable of oxidizing organics macromolecules, which have a chromogenic 
potential. The result of this process is a destruction of the long organic chains into colorless 
short chains [2-5]. 
 
The at-home bleaching is a method by which the patient fills a custom-designed tray with 
bleaching material, using carbamide peroxide 10% to 22% and hydrogen peroxide 5% to 
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11%. Moreover, in routine practice is common to use carbamide peroxide 35% to 37% and 
hydrogen peroxide 20% to 38%. 
 
Some authors describe the occurrence of several side effects related to bleaching of the tooth 
structure and different restorative materials, such as increased roughness, hardness decreased 
and changes in morphology superficial [6-8]. However, others in vitro and in vivo studies 
found that the carbamide peroxide and hydrogen have potent antimicrobial effect against 
certain bacterial species present in the oral cavity, demonstrating that various aspects of oral 
health improves when used solutions containing peroxides. 
 
Scanning electron microscopy (SEM) is a rapid and convenient method for qualitatively 
analyzing the surface morphology of enamel specimens following bleaching. On the other 
hand, energy dispersive spectrometry (EDS) provides a specific method for determining the 
concentration of chemical elements on the substratum. But these methods are destructives 
and hence are impossible compare results in the same sample which was done the first 
analyses. Using the X-Ray Fluorescence (XRF) method can do some scans in the same 
sample and position without destroying it. 
 
The aim of this study was to measure in vitro using  energy dispersive X-Ray Fluorescence 
(XRF) the levels of inorganic elements, to determine changes in chemical composition of 
bovine enamel using hydrogen peroxide 38% in office (Opalescence Xtra Boost - Ultradent, 
USA). 
 
 

2. MATERIALS AND METHODS 
 
Six central upper bovine incisors were stored in 0.1% thymol solution at room temperature 
before use. Teeth with any visible cracks or hypoplastic defects were excluded. After that, the 
selected teeth were cleaned and sectioned at cement enamel line, fixed in epoxy resin and 
standardized by the planning area, using sand paper (400, 600 and 1200 grid) and polishing 
paste 0.1 µm. The enamel surfaces were examined with a light microscope with 
magnification ×50, for any defect on the surface after finishing. Each tooth was initially 
evaluated six times in different areas to obtain the count of elements phosphorus (P) and 
calcium (Ca) using X-Ray Fluorescence obtained by Artax 200 (Figure 1). The coordinates of 
each scan was saved, using images obtained by the Artax camera (Figure 2) to repeat the next 
scans on the same position. 
 

 
Figure 1: The Artax 200 description. 
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Figure 2: Image obtained by Artax 200.  
 
In XRF analysis, a source of X-ray irradiates a sample. When an atom interact with the X-ray 
beam, the incident radiation can dislodge electrons from the innermost shells of the atom, 
creating vacancies. Electrons from outer shells will fill the inner shell vacancy and emit 
characteristic X-ray. Each atom has specific energy levels, so the emitted radiation is 
characteristic of that atom. Thus, it can consider that the XRF is able to provide the identity 
of the chemical elements present in the sample analyzed (fingerprint) [9]. Therefore, by 
measuring XRF intensity emitted by a particular element in the sample can determine its 
concentration. 
 
The teeth were randomly divided in two groups: both groups were submitted to bleaching in 
office with hydrogen peroxide 38% (Opalescence Xtra Boost. Ultradent, USA). It was 
prepared and used following the manufacturer’s instruction, once a week during three weeks. 
Group 1 was stored in distilled water and group 2 was stored in artificial saliva in 35°C, 
between the sessions (Table 1). 
The XRF measurements were repeated every seven days before the bleaching treatment 
(Figure 3), and changes in mineral levels were recorded in the same manner and area. The 
data were analyzed using Bonferroni and Student’s t-tests (α= 0.05). 
 

Table 1:  Numerical results to the model problem 
 

 Sample Scans/Sample Stored 
Group 1 3 6 Distilled water 
Group 2 3 6 Artificial saliva 

 
 

 
 

Figure 3: Schematic representation of the sequence used in the study. 
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3. RESULTS AND DISCUSSION  
 

Figure 4 shows a typical XRF spectrum of a sample of tooth (enamel). It can be observe the 
presence of the major elements in the enamel: phosphorus, calcium and strontium. The 
calcium in tooth is in a crystalline form of calcium phosphate named Hydroxyapatite 
(Ca10(PO4)6(OH)2). The presence of strontium on the teeth is related to its chemical affinity 
with calcium. Calcium and strontium have very similar chemical properties. 
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Figure 4: Spectrum obtained by X-Ray Fluorescence in bovine enamel.  
 
 
From the results of scans were obtained the average of the XRF intensities of phosphorous 
and calcium, in both groups. 
The average of each scan was compared with the baseline (initial scan), and between the 
groups to analyze and to compare the demineralization process (Tables 2 and 3). 
 

Table 2: Comparison between groups - Group 1 - Scan/Baseline. 
 

Group 1 - Scan/Baseline 
1° scan 2° scan 3° scan Sample 

Ca P Ca P Ca P 
1 1.00 0.88 1.01 1.04 0.97 0.91 
2 0.99 0.93 1.01 0.99 1.01 1.02 
3 1.00 1.00 0.98 1.02 0.97 0.98 

Average 0.99 0.94 1.00 1.01 0.99 0.97 
a)Sdt. Dev. 0.01 0.06 0.02 0.03 0.02 0.06 
b)CV (%) 0.6 6.4 1.7 2.5 2.3 5.7 

a)Standard Deviation, 
b)Coefficient of Variation 
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Table 3: Comparison between groups - Group 2 scans/Baseline. 

 
Group 2 - Scan/Baseline 

1° scan 2° scan 3° scan Sample 
Ca P Ca P Ca P 

1 0.97 0.95 0.99 1.00 0.96 0.92 
2 0.97 0.95 1.01 1.05 0.99 1.00 
3 0.99 1.06 1.02 1.10 0.98 1.02 

Average 0.98 0.99 1.01 1.05 0.98 0.98 
a)Sdt. Dev. 0.01 0.06 0.02 0.05 0.02 0.05 
b)CV (%) 1.2 6.4 1.5 4.8 1.6 5.5 

a)Standard Deviation, 
b)Coefficient of Variation 

 
 
Some authors use the EDS to analyze the concentration of inorganic elements and evaluate 
enamel demineralization by a bleaching agent. The EDS provides a useful tool for quick 
qualitative analysis but is destructive technique. On the other hand, XRF is a proven 
technique for material analysis in a broad range of applications. The relative ease, low cost of 
sample preparation, the stability, non-destructive chemical analyses and ease of use of x-ray 
spectrometers make this one of the most widely used techniques for analysis of major and 
trace elements present in different specimens [9-10]. In this work the characteristic of non-
destructive of the XRF technique was important for the analysis of samples of tooth because 
the same point in the sample was measured repeatedly at different times (scan). It was used 
the Student t test to compare the means of different scans. Besides that, Bonferroni test also 
was used for parametric comparison of means within groups of loss of Ca and P in each scan. 
In all statistical tests used, the basic criterion for statistical significance is α = 0.05. 
 
The phosphorous and calcium levels were obtained for each group and dental bleaching 
treatments using by X-Ray Fluorescence. The tables 2 and 3 show the relative intensities 
(Scan/baseline) of the elements Ca and P for each group and bleaching treatment. The 
literature shows that the mineral levels of Ca and P in enamel and dentin can be a good 
indication of the demineralization process [11-12]. However, in this study no significant 
differences were observed (α = 0.05) due to the mineralization process produced by bleaching 
agents. 
 
Studies about the effects of bleaching agents on morphological changes to tooth tissue are 
contradictory. In the dental literature there is a consensus that the peroxides can alter the 
mineral structure of the tooth, increased enamel roughness and decrease the surface 
microhardness [6-8, 12]. 
 
 

4. CONCLUSION  
The methodology for evaluating the demineralization process chosen for this study was the 
X-ray fluorescence that allowed the evaluation of all phases of the study in the same teeth. 
Not being a destructive method permits the use of the same specimen at different times in the 
study. 
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The results obtained in this study have showed that the bleaching with hydrogen peroxide 
38% was not able to demineralize the samples analyzed. There were no statistical differences 
(α = 0.05) observed between the groups treated with bleaching and control. In addition, to 
complement this study would be interesting to evaluate changes in the topography of the 
surface of the tooth due to loss of mineral structure. Furthermore, it can be carried out 
microhardness measurements to evaluate the influence of bleaching on the mechanical 
properties of the tooth. 
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