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each, according to the oral hygiene protocol adopted during the orthodontic treatment: 
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at random for examination by stereomicroscopy, scanning electron microscopy (SEM) and 
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the groups (p=1). The peaks of chemical elements (Ni, Fe, Cr, O, C and P) revealed by EDS 
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INTRODUCTION

The oral environment is particularly favorable to 
metal biodegradation due to its chemical, thermal, 
microbiological and enzymatic conditions19. When in 
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temperatures, the metal components of orthodontic 
appliances may undergo corrosion2.

In addition, the orthodontic treatment, especially 
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the oral cavity, including decrease of pH, increase 
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����26 and elevation of 
the salivary microbial levels6,27��������
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conditions to the occurrence of corrosion. Corrosion 
of orthodontic appliances may have serious clinical 
implications that range from loss of dimension 
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failure of the appliance due to tension corrosion2. 
In the corrosive process, the released metallic ions 
&
�� ���� ��� ����
�������� ������ 
��� �������� ��� ����
contiguous environment or pervade throughout the 
body. Absorption of toxic products released during 
corrosion of metallic orthodontic components by 
body tissues is undesirable11,14,28.

In dentistry, corrosion may manifest as biological, 
functional and esthetic effects, the biological being 
���� &���� �����;�
��10,14,18. The released metallic 
ions may cause damage or sensitization due to the 
toxicity17,21.

Corrosion in orthodontic appliances has been 
extensively investigated by analysis of ion release 
both in vitro2,4,17 and in vivo1,13,20. Considering that 
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niches for microorganisms23,25 and are susceptible 
to corrosion, the development of in situ studies 
evaluating corrosion from a clinical standpoint is 
of paramount importance.

This study evaluated in situ the corrosion of 
the metallic components of Haas expanders by 
stereomicroscopy, scanning electron microscopy 
(SEM) and energy dispersive x-ray spectroscopy 
(EDS).

MATERIAL AND METHODS

Thirty-four patients of both sexes (14 male 
and 20 female) aged 6 to 12 years (mean age = 9 
years and 7 months) from the Orthodontic Clinic of 
the Ribeirão Preto Dental School, University of São 
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a Haas expander for correction of posterior crossbite 
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each (Groups I and II).
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Committee (process number 2006.1.391.58.9) and 
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parents or guardians.

For construction of the Haas expanders, the 
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SP, Brazil) to 0.9 mm stainless steel orthodontic 
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(Dental Morelli, Sorocaba, SP, Brazil). The bands 
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light-cured composite resin (TPH; 3M/ESPE, St. 
Paul, MN, USA).

After correction of the posterior crossbite, 
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in the mouth as a retention period. During the 
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submitted to different oral hygiene protocols. 
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day and not to use any antimicrobial mouthrinse 
solution. For patients of Group II, in addition to 
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gluconate solution (Periogard®; Colgate-Palmolive 
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under parental supervision.

After removal from the mouth, the fixed 
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pair of pliers (Orthopli 021; Dentaurum, Pforzheim, 
Germany) on either the right or the left side, 
according to a table of random numbers, in order 
to obtain a fragment containing a sample of the 
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indicator of humidity for further analysis of the 
corrosive process. After desiccation, the specimens 
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(Leica L2; Wetzlar, Germany) coupled to a digital 
camera (Sony Cyber Shot 3.3 mega pixels DSC-575, 
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suggestive of corrosion. This type of qualitative 
analysis has been described in several studies9,21,30 
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SEM and EDS. Data referring to the presence (+) 
or absence (-) of color change suggestive of in situ 
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EP; Carl Zeiss SMT AG, Germany) operating at 
20 kV coupled to an energy dispersive x-ray 
spectrometer (IXRF Systems Inc., Houston, TX, 
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electron-backscatter detectors (QBSD) using a pre-
determined depth of penetration of the electron 
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(Ni), iron (Fe), chromium (Cr), oxygen (O), carbon 
(C) and phosphorus (P) in the region delimited in 
the fragments of the appliances of Groups I and II. 
Graphs of the peaks of these chemical elements 
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RESULTS

The analysis of the images obtained under 
optical stereomicroscopy revealed areas of color 
change suggestive of corrosion in the soldering 
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Figure 1- A: Stereomicroscopic analysis of a representative Group I specimen showing color change in the band/silver 
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(a), material-to-material interface (b) and orthodontic wire (c) analyzed by EDS with four-quadrant electron backscatter 
detectors QBSD detectors

Figure 2- Quantitative energy dispersive x-ray spectroscopy (EDS) reading representative of areas of color change 
suggestive of corrosion in the soldered region in contact with the band and the wire in a Group I specimen (control)
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analysis (Figure 1D). Graphs representative of the 
qualitative readings of the specimens of Groups I 
and II are presented in Figures 2 and 3.

In both groups, the soldered areas in contact 
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in either of the groups.

Figure 4 illustrates the reading obtained in a 
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peaks of chemical elements behave in this situation.

DISCUSSION

Several studies have currently evaluate the 
������
���� ��� ���������� ��� ������������ ������ 
���
��
�1�������
��
���&
�����;���&
����
�����������
����
��&

��������� ����� ���� ��
�� �������&���4,5,21,24,28. 
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methodologies that simulate the oral conditions, 
reaching results that cannot be extrapolated to 
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designed as a randomized clinical trial because it 
is the “golden standard” of studies that evaluate 
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techniques12.

Soldering is still the prevailing joining technique 
in the dental laboratory, although problems arise 
���&� ���� �����
��������� ��� ���������� 
��� ���� ����
�����������������������������(������+
&������������
�����������������������&�����
�����
��������������
�����
��������&
��
�������� ���������&������������
to levels exceeding the fusing temperature of 
the solder. Under these conditions, intergranular 
corrosion occurs due to the change in the 
composition of grain contours deriving from phase 
precipitations, concentration of impurities or 
elementary Cr depletion close to the areas of grain 
contours2.
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Figure 3- Quantitative energy dispersive x-ray spectroscopy (EDS) reading representative of areas of color change suggestive 
of corrosion in the soldered region in contact with the band and the wire in a Group II specimen (Periogard® mouthrinse)

Figure 4- Quantitative reading of the composition of the stainless steel wire showing absence of corrosion
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the construction of the Haas expanders. These 
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���� in vitro different 
soldering techniques produced by various dental 
technicians and observed incomplete filling of 
the soldering gap, porosities resulting from the 
production process, local structural changes due 
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margin.

The EDS analysis qualifies chemically the 
composition of a certain material, being a 
complementary method to evaluate the presence 
of corrosion11,15,21,28. Under ideal conditions, Fe and 
Cr peaks in the soldered joint should be high and 
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peaks and presence of O suggest the occurrence 
of corrosion due to formation of Fe2O3 or hydrated 
ferric oxide (Fe2O3 x H2O), indicating rust5,22. The 
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peaks suggests the occurrence of a process 
corrosive by formation of iron phosphate (FePO4)

29. 
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observed in the soldered joints in all specimens of 
both groups.

The deterioration of orthodontic appliances has 
been a matter of concern in orthodontic research 
due to the potential adverse biological reactions 
associated mainly to Ni release3,7. In the present in 
situ study, the EDS analysis did not reveal Ni peaks 
in the soldered joints of any of the Haas expanders 
����� ���� 
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images under optical microscopy. Intergranular 
�����������
��&������1���������
���5. This situation 
��� �������� 
���
�
���� ��� ���� ���������� ���� ������
conditions that may contribute to potentialize 
corrosion: the mouth is an aggressive oral 
environment to the various types of sensitized alloys 
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or cracks develop16.

In addition to intergranular and crevice 
corrosion, the stainless steel becomes susceptible 
to the corrosive process, since the alloy has its 
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be reestablished. This permits the occurrence of 
different types of corrosion: fatigue corrosion, 
������ ������� ����������� ��� ������������ ������
submitted to long intraoral periods under load8; 
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change in the presence of microorganisms due to 
action of sulfur or reduction of sulfates to hydrogen 
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addition to pitting (corrosive attack that occurs in 
points or small areas) and deposits that may occur 
in the presence of microorganisms5; and galvanic 
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by transference of electrons due to difference of 
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greater in Group I, possibly due to the greater 
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very expressive in all specimens, possibly originating 
from the saliva and/or the zinc phosphate cement 
used for cementation of the orthodontic bands. 
The presence of Ag peaks in the graphs of soldered 
joints distant from material-to-material interface 
only suggests the presence of the metal used as a 
soldering material.

Although the methodology of the present study 
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caused corrosion, alterations occurred in the 
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CONCLUSIONS

Under the conditions evaluated in this randomized 
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color change and peaks of chemical elements 
suggestive of corrosion in all specimens of both 
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These results suggest that the use of chlorhexidine 
&����������� ���� ���� ��+������ ���� ����������� ���
corrosion in situ.
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