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Abstract: This study aimed to compare the resistance of dental alloys to corrosion in a solution containing oral 

bacteria named Streptococcus mutans (S.mutans). The electrochemical behavior of Nickel-Titanium (NiTi) was 

investigated in sterile Fusayama artificial saliva (AS) with the enrichment medium tryptic soy broth (TSB) in 

solution 1 and (AS) with (TSB) and bacteria in solution 2. The electrochemical procedures selected for this work 

were open circuit potentials (OCP), Potentiodynamic polarization (PDP), and electrochemical impedance 

spectroscopy (EIS). The NiTi surface was examined using optical microscopy. 

 After 24 hours of immersion in artificial saliva, the results have shown that NiTi revealed high corrosion 

reactivity in the presence of S. mutans and present pitting corrosion on the surface. 
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Introduction 

 Biofilms are communities of microorganisms that 

expand on many solid environmental surfaces of the 

human body 1,2. Dental plaque in the oral cavity is one 

of the biofilms slightly studied in the human body. 

More than 700 different species coexist with the 

healthy flora of the oral cavity 2. This growth in the 

number of microorganisms is the result of several 

conditions in the mouth, including pH scale, warmth 

and moisture 3. The oral cavity is composed of non-

stable structures such as tissues that can be renewed, 

and stable structures such as teeth. The latter helps in 

the formation of dental plaque biofilms 4. 

 The tooth consists of smaller sub-environments 

where certain species colonize and predominate based 

on their metabolic requirements. The supragingival 

plaque which lies above the gingival line of the tooth 

surface consists of aerobic microorganisms that can 

cause caries, while the subgingival plaque, which is 

found below the gingival line, consists of anaerobic 

species that cause periodontal disease 3,5. 

 Though specific types of acid-producing bacteria 

may promote the breakdown of hard tooth structures 

or restorative materials such as orthodontic archwires 

or dental amalgams; they may also be degraded during 

a biocorrosion process 6. Among the several 

microorganisms present in the oral cavity, 

Streptococcus mutans is one of the essential bacteria 

because of its ability to convert sugar into lactic acid, 

and contribute to tooth decay 7. Moreover, an oral 

biofilm containing a high proportion of S. mutans can 

develop in aerobic and anaerobic environments and 

can be found in different habitats of the oral cavity, 

this species causes a decrease in pH of the oral cavity 
8, which promotes demineralization enamel, decay 

and also corrosion of dental             materials 7. 

Thus bacterium is considered a robust corrosive 

microorganism. 

 In dentistry, Nickel-Titanium is the first choice 

for oral malocclusions and is used as a fixed dental 

wire because of its good resistance to corrosion, low 

density, and high mechanical strength. Compared to  

other orthodontic alloys, its Biocompatibility and 

super elasticity provide a light and continuous force to 

ensure physiological and practical teeth movements 9. 

NiTi is a material with high resistance to corrosion 
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compared to other metallic materials in oral 

rehabilitation 10. However, the dissolution of the NiTi 

film may occur in certain media such as those 

containing high fluoride concentrations, Hydrogen 

peroxide (H2O2), and lactic acid. It can also occur in 

the oral cavity 11. Moreover, the corrosion of titanium 

increases when F-, H2O2 and lactic acid are combined, 

as revealed by Mabilleau and al. 11. Corrosion of the 

titanium causes the release of metal ions into the oral 

cavity that may stimulate an initial inflammatory 

response, and a consequent toxic, mutagenic and/or 

carcinogenic reaction, if the corrosion was severe, the 

effect may be visible in vivo, resulting in a change of 

surface coloration or gingival inflammation 12. 

 In literature, several investigations studied the 

behavior of nickel-titanium in the presence of 

cariogenic bacterium S. mutans. Bahije et al. 13.  

Observed a high degree of corrosion of NiTi 

orthodontic wire in the presence of S. mutans during 

two hours of immersion. Then, they recommended 

further investigations with an extension of the dental 

alloy immersion time in the presence of bacteria. 

Souza et al. 12 showed that the presence of bacterial 

colonies, such as S. mutans, negatively affected the 

corrosion resistance of the titanium.  

 The purpose of this study was, therefore, to draw 

a comparison between the electrochemical behavior 

of NiTi dental alloy in artificial saliva with or without 

the S. mutans bacteria. 

 

Materials and methods 

 

 Material 

 The test specimen used in this study is NiTi 

orthodontic wire (55% nickel and 45% titanium, G&H 

Wire Company). The sample dimension for the tested 

material was 0.016 mm × 0.022 mm, with 15 mm of 

wires exposed at each end. Therefore, the exposed 

surface was 0.011 cm2. Samples had not undergone 

any surface treatment.  

 

 Preparation of the media 

 Two media were used in the study: Solution 1, 

contains Fusayama artificial saliva (AS) 14; the 

composition is shown in (Table 1). With the 

enrichment medium tryptic soy broth (TSB) of 

(Becton, Dickinson BDTM), this solution was 

sterilized at 121 to 124 °C for 15 min. Solution 2 

contains AS, TSB and S. mutans.  

 

Table 1. Composition of the Fusayama solution. 

KCl NaCl CaCl2.2H2O NaH2PO4.2H2O Na2S.9H2O Urea 

0.4 g/L 0.4 g/L 0.906 g/L 0.690 g/L 0.005 g/L 1 g/L 

 

Bacterial strains and growth conditions  

 The lyophilized strain S. mutans 19305CIP 

103220 of (CRBIP) was rehydrated with 0,2 ml of 

nutrient broth brain heart infusion (BHI) of 

GranuCult ® after it was microaerophilically grown 

for 48 hours at 37°C in agar plates with 32g/l of 

mutans agar and 0.2 units of both bacitracin and 

sucrose were added (final concentration: 20%). 

 The bacterial cells were inoculated in TSB for 

18h at 37°C and 150 rpm. After incubation, cells were 

harvested by centrifugation for 10 min at 4°C and 

5000 rpm and washed twice with a phosphate buffer 

solution (PBS). The purity of the strain was checked 

using the automaton Phoenix (Becton Dickinson 

Phoenix 100 Microbiology Automaton© Sogemed). 

The prepared cultures were added to a cell containing 

60 ml of AS. 

 

 Electrochemical techniques 

 All experiments were conducted in a glass 

electrochemical glass vessel with a Met Rohm 

hermetically sealed doubled glass wall, with the 

thermostat set at 37 °C. The standard three-electrode 

system was adopted. The working electrode was the 

NiTi wire, the counter-electrode was rectangular 

platinum (Radiometer Analytical), and the reference 

electrode was a Mercury/mercurous sulphate 

(Hg/Hg2SO4/K2SO4 saturated, Radiometer Analytical, 

0.641 V vs SHE). In order to keep the cell sterile, all 

openings were sealed to allow air to enter without 

contaminating the solution. The cell and the 

electrodes were sterilized. The entire apparatus was 

connected to a computer-driven PGZ 301 potentiostat 

under Volta Master 4 software.  

 The samples treated with Solutions were studied 

by conducting open circuit potential (OCP), 

Potentiodynamic polarization (PDP), and 

electrochemical impedance spectroscopy (EIS) 

measurements.  

Corrosion parameters, including OCPs, corrosion 

current densities (Icorr), and charge transfer resistance 

values (Rct) obtained from the electrochemical 

measurements were used to evaluate the corrosion 

resistance of the studied alloys. 

 OCPs were measured for 2 hours, after an 

immersion time of 24 hours of the test specimen in the 

electrolyte solution. Impedance spectroscopy was 

measured over a range of frequency of 100 kHz to 100 

MHz, with a frequency of 10 points per decade, and a 

sine wave voltage amplitude of 10 mV). The diagrams 

in the Nyquist plane were analyzed to determine the 

(Rct) and describe the behavior of the substrate-

solution interface. Potentiodynamic polarization 
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curves were recorded in the scan range between –1000 

to 1000 mV (vs OCP) at a scanning rate of 1 mV/s. 

The Icorr values were calculated using the Tafel 

method. 

  

Surface analysis 

 The surface of the NiTi archwire was examined 

using optical microscopy (OM) (Leica DM 6000 M). 

NiTi was immersed in solution 1 and 2 at 37 °C, for 

216 hours. After that, the specimens were washed 

gently with phosphate buffer solution (PBS), then 

dried carefully and examined. 

Result 

 

 Open circuit potential (EOCP) measurements 

 The OCP values obtained from NiTi alloy and 

treated in the two solutions at 37°C are traced through 

time, as shown in (Fig. 1). The OCP of the NiTi alloy 

treated with solution 1 for 2 hours was stabilized at -

0.641VmV (vs. Hg/Hg2SO4), while the OCP value in 

the presence of S. mutans decreases to -0.968 mV(vs. 

Hg/Hg2SO4). This electrochemical behavior 

witnessed an increase in NiTi’s reactivity that may 

indicate a higher corrosion activity in the presence of 

bacterial biofilm 12. 

 

 
Figure 1. OCP curves obtained for NiTi alloy treated in Solutions 1 and 2 at 37°C  

 

 Polarization curves 

 (Fig. 2) shows the potentiodynamic polarization curves for NiTi in both studied solutions, while (Table 2) 

summarizes corrosion parameters.  
 

 

Figure 2. Potentiodynamic polarization curves for NiTi after 24 h of immersion in both studied solutions 

 

Generally, in the cathodic potential domain, we 

observe competition between oxygen reduction and 

hydrogen reduction. The anodic polarization domain 

presents a monotonous increase in current density, 
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pointing to the dissolution of the alloy 15, followed by 

a plateau. The plateau indicates the formation of a 

layer of corrosion products, consisting mainly of TiO2 
12. 

 

Table 2.  Electrochemical parameters of NiTi in the two media. 

Electrochemical  

parameters 

Eocp mV vs. Hg/Hg2SO4 Icorr µA.cm2  Ecorr mV vs. Hg/Hg2SO4 

AS + STB -641 4.07  -945 

AS + STB + S. mutans -968 58.20 -965 

 

As reported in (Table 2), when S. mutans was 

added, the corrosion potential decreased from -945 

mV vs Hg/Hg2SO4 to -965 mV vs Hg/Hg2SO4 and the 

corrosion current Icorr values increased from 4.07 

µA.cm-2 to 58.2 µA.cm-2. Thus, polarization study 

revealed a decrease in the NiTi dental alloy’s 

corrosion resistance when immersed in the artificial 

saliva in the presence of S. mutans. 

Electrochemical impedance spectroscopy 

measurements 

 Fig. 2 shows the electrochemical impedance 

spectroscopy data obtained from the samples 

immersed in solutions 1 and 2 for 24 hours.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Nyquist plots obtained for the NiTi alloy treated in solutions 1 and 2 at 37 °C. 

 

         

Figure 4. Electrical equivalent circuit for the fitting of EIS data 

 

The Nyquist diagram displays a single-phase 

capacitor arc in the complex plane with its diameter 

decreasing in the presence of S. mutans. The AC 

impedance parameters derived from Nyquist plots are 

given in Table 3. Fig. 4 shows the electrical equivalent 

circuit for EIS measurements in our study. Rct was the 

charge transfer resistance, while CPE was the constant 

phase element and Rs referred the solution resistance. 

 

Table 3. Electrochemical impedance spectroscopy parameters of NiTi in the two medium. 
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 Rs (Ω.cm2) Rct (KΩ.cm2) Cf (μF/cm2) 

AS + STB 0,35535 177 133 1,045 

AS+ STB + S. mutans 0,16678 1 826 1251 

 

The Nyquist plots of the NiTi alloy immersed in 

AS containing S. mutans show that the charge transfer 

resistance Rct decreases from 177133 to 1826 

KΩ.cm2. The capacitance of the double layer Cdl value 

increases from 1.045to 1251 μF/cm2. In accordance of 

to the EIS data, following the linear polarization and 

EIS analysis results, it can be concluded that the 

presence of S. mutans accelerates the corrosion rate of 

NiTi orthodontic alloy, both electrochemical methods 

correlate with each other and present the same 

conclusion. 

 

Surface analysis 

 The OM results are shown in Fig. 5. In the 

presence of S. mutans, the dental alloy surface 

immersed in artificial saliva for 216 h, showed pitting 

corrosion (Fig.5b), which is not the case for the dental 

alloy immersed in artificial saliva without S. mutans 

(Fig.5a). 
 

                

Figure 5. OM images of the alloy samples (a) NiTi exposed to the mixture of AS without S. mutans (b) NiTi 

exposed to the mixture of AS with S. mutans for 216 h. 

 

Discussion  

 

 This study was conducted to study the 

electrochemical behavior of a NiTi dental alloy that is 

widely used in dentistry to correct malocclusions, 

with the presence of S. mutans bacteria, over an 

immersion period of 24 hours. To duplicate the human 

oral environment as much as possible, we used 

Fusayama’s artificial saliva.  

 When the metals are immersed in tested solutions, 

electrochemical reactions occur at the metal solution 

interface. In this study, the electrochemical 

measurements of the tested samples revealed a 

decrease in the corrosion resistance of the NiTi dental 

alloy in the presence of S. mutans. Chang and al. 16, 

have obtained similar results for pure metal Ti, and 

they explained these findings by the fact that S. 

mutans can metabolize intracellular glycogen to lactic 

acid. The production of lactic acid from intracellular 

fermentation can be used to explain why S. mutans 

can influence the metal’s behavior. Souza and al. 12, 

found that electrochemical tests indicated an increase 

in the chemical reactivity of titanium or an increase in 

the sensitivity to corrosion of titanium in the presence 

of biofilms. Impedance tests confirmed the 

polarization results, indicating a decrease in corrosion 

resistance in the presence of S. mutans. Bahije and al. 
13, conducted a similar study with a 5 hours’ 

immersion period of the NiTi alloy in a solution 

containing the bacterium and revealing a more 

negative corrosion potential. They suggested that the 

characteristics of the passive film changed in the 

medium and thus led to lowering the corrosion 

resistance. Also, S. Maruthamth et al. 15, and Moos et 

al. 17, have shown that the growth of microorganisms 

on the surface of the metal leading to biofilm 

formation which can affect the metal’s corrosion 

process by producing a gel phase serving as a 

diffusion barrier and creating concentration cells for 

byproducts and corrosion products. In this study, the 

NiTi surface immersed in the artificial saliva in the 

presence of bacteria showed pitting corrosion 18. This 

can be explained by the fact that S. mutans is an 

acidogenic bacteria that causes a decrease in pH 13,19. 

Corrosion of orthodontic equipment by streptococcus 

mutans releases metal ions in patients, this release can 

cause metal allergy or even be toxic. More studies are 

needed to prove this point further. 

 

Conclusion 
 

 The presence of S. mutans colonies on the surface 

of the orthodontic archwires adversely affects the 

corrosion resistance. Indeed, the decrease in pH 

induced by the acidic substances released by the 

metabolism of S. mutans can lead to the corrosion of 

titanium nickel frameworks and the release of dental 

alloy ions. This has a high-risk potential for toxicity 

in the human environment. Therefore, the 

maintenance of good oral hygiene and the use of 

adequate adjuvant methods during orthodontic 

treatment minimize the pH drop and improve the 

corrosion resistance of the NiTi dental alloys. 

 

b 
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