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One of the primary requisites of any metal or alloy that is to be used in the mouth is that it must not produce corrosion products that could be
harmful to the body. Some metallic elements that are completely safe in the elemental state can form hazardous or even toxic ions or
compounds. Besides, the degradation of the alloy should be limited in order to guarantee its service life. Several metals and alloy have been
in dentistry as bracket, band, orthodontic wires it is essential to know the corrosion resistance of this materials in the presence of saliva. The
corrosion resistances of these materials have been evaluated by electrochemical studies such as polarization study and AC impedance
spectra. The film formed on the metal surface has been analysed by surface analysis techniques such as SEM, EDX, X-ray, and AFM.  
 
 
* Corresponding Author 

 
[a] Department of Chemistry, Jayalakshmi Institute of 

Technology, Thoppur- 636 352, India.  
Email: senthilkumar944@ gmail.com.         

[b] Corrosion Research centre, PG and Research Department of 
Chemistry, GTN Arts College, Dindigul- 624005, India.  
E-mail: pandirajan777@gmail.com.  

[c] Department of Chemistry, Corrosion Research centre, RVS 
School of Engineering and Technology, Dindigul 624005, 
India. E-mail: srmjoany@sify.com.  

[d] Department of Chemistry, Yadava College, Madurai, India. 
[e] Department of Chemistry, Arupadaiveedu Institute of 

Technology, Chennai-603 110, India.  
E-mail: nagalakshmirajan@gmail.com.  

 

Introduction 

Over the past two decades, with the accelerated 
development of tissue engineering, the demand for a variety 
of synthetic and natural biomaterials has dramatically 
increased. Biomaterial sales have already exceeded $240 
million per year and due to the rapid development of 
biomaterials, the market will only increase in the years 
ahead for tissue engineering and artificial organ materials. 
Specifically, costs related to organ replacement account for 
8% of all global healthcare spending and by 2040 as much 
as 25% of the US gross domestic product (GDP) is expected 
to be related to healthcare. Such demands require unique, 
better performing biomaterials for regenerative medicine. 
For example, it is necessary to develop better material 
mechanical properties and biocompatibility properties. 
Conventional biomaterials (or those materials with 
constituent dimensions greater than 1 µm) have not 
satisfactorily met clinical demands. Researchers, clinicians 
and other investigators are thus seeking better novel 
materials to serve as the next generation of tissue 
engineering and artificial organ materials. Artificial organs, 
when implanted in body undergo corrosion. Corrosion 
behaviour of metals and alloys in simulated body fluids has 
been investigated.1-75 Corrosion resistance of metals and an 
alloy in saliva has attracted the attention of several 

researchers (Figure 1). This review article will be a boon to 
researchers who would like to do research on corrosion 
behaviour of biomaterials in synthetic body fluids especially 
in simulated saliva. 

 

 

 

 

Figure 1. Orthodontic wires 

Metals and Alloys 

Corrosion behaviour of various metals and alloys have 
been investigated in various synthetic body fluids such as 
blood plasma, urine and saliva.1-75 Titanium 
metal,12,28,46,52,72,73,75 Ni-Cr,10,56,57 Ti-Mo,4,37 Ni-Ti,13,64 Co-
Cr,14,53,61,63 SS316, MS, MS-Zn,23,24 Ti-Ag,3,68 Ni-Ti 
orthodontic wires18,27,33 have been used in dentistry. 

Medium 

Usually corrosion behaviour metals and alloys have been 
studied in artificial saliva (AS) whose composition is given 
in Table 1.23 

Table 1. Composition of artificial saliva 

KCl 0.4 g/l 
NaCl 0.4 g/l 
CaCl2·2H2O 0.906 g/l 
NaH2PO4·2H2O 0.690 g/l 
Na2S·9H2O 0.005 g/l 
Urea 1 g/l 
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In some studies aerated and deaerated saliva has been 
used.8,10,46,55 AS containing hydrogen peroxide,6 fluo-
ride,2,4,6,22,38,43,45,60,73 spirulina,23 D-Glucose,42 electoral,24 
physiological solution (ps),17,25,40 lactic acid,17,51,71 spices 
extract,29 bacteria,33,53 mouthwash,34,37 NaF,36,39,67,71 citric 
acid,75 Ringer brown solution,39,50 have been used. 

Temperature 

Usually the study is carried out at 37 ± 1ºC. 

Methods 

Weight loss method, polarization study, AC impedance 
spectra have been used to evaluate the corrosion resistance 
of various metals and alloys  in AS.1,4,5,6,7,10,19,20,21,22,23,24,54 
The protective film form in the metal surface has been 
analysed by various surface analysis techniques such as 
SEM,2,6,7,9,21,26,35,36,41,49,59,68,73,75 XRD,3,17,68,71 EDX, 
9,14,34,41,59,75 F-test has also been used by some authors.11 
Cyclic voltammetry,13, 25 AAS,26 and XPS3,16,17,25,58,68,71 have 
also been used.  

A list of various materials used in dentistry, the methods 
used to evaluate the corrosion resistance of different metals 
and alloys, various methods employed and important 
findings are summarized in Table 1.   

Influence of Fluoride ion on corrosion resistance of 
orthodontic wires 

To strengthen the lifetime of teeth, fluoride is added in 
tooth pastes. This addition of fluoride may influence the 
strength of orthodontic wires. To know this influence 
several investigations have been undertaken. Corrosion 
resistance of metals and alloys in artificial saliva, in 
presence of fluoride has been investigated.31,38,43,45,51,71,73 It 
has been found that fluoride ion reduces the corrosion 
resistance of Titanium and Ti6AlV alloy. This has been 
proved by electrochemical studies.31 Similar observation is 
made with Ni-Cr-Ti alloy also.38 Surprisingly the presence 
of fluoride ion increases the corrosion resistance of Ti-Cr 
alloy.43 Robin and Meirelis observed that presence of 
fluoride in saliva enhanced porosity of the oxide film.45 
Mareci et al observed that fluoride increased the corrosion 
rate of Ti6Al7Nb and Ti30Ta alloys.51 

Influence of extracts of natural of products on 
corrosion resistance of metals and alloys in 
artificial saliva 

Extracts of natural products are added to the tooth paste. 
These extracts will definitely influence the corrosion 
resistance of orthodontic wires. Hence the corrosion 
resistance of extracts of plant materials on the corrosion 
resistance of orthodontic wires has to be studied thoroughly. 
But only a few studies have been made in this regard.29,73 

Presence of coriander in artificial saliva inhibited the 
pitting corrosion of AISI 304L orthodontic bands and 
stainless steel orthodontic bands.29 Eugenol has protected 
Titanium from the attack of fluoride ions. Further, Eugenol 
has formed a protective film on titanium and prevented the 
dissolution of Titanium. This has been proved by 
electrochemical measurements and surface analysis 
techniques such as SEM.73 

Types of corrosion undergone by orthodontic wires. 

There are several types of corrosion undergone by metals 
and alloys in the natural environment. Depending on the 
environment, they undergo general corrosion, galvanic 
corrosion, pitting corrosion etc. Similarly orthodontic wires 
also undergo several types of corrosion, depending on the 
natural of metals and alloys and the oral environment. Ti-
6Al-4V undergoes fretting corrosion in presence of fluoride 
ion.2 Ni-Cr and Co-Cr alloys undergo pitting corrosion in 
artificial saliva due to inhibition in artificial saliva for a long 
time.5 Hence the orthodontic wires have to be replaced every 
now and then. Vieira et al observed that Titanium undergoes 
fretting corrosion in artificial saliva.12 This has been proved 
by electrochemical studies. Ludek Joska et al have noticed 
the non-uniform corrosion undergone by palladium-silver-
copper alloy in model saliva.16 Orthodontic wires made of 
Ni-Ti alloy undergo pitting corrosion in artificial saliva. 
Similarly metals and alloys undergo non-uniform 
corrosion58 and galvanic corrosion.62 

Influence of temperature on the corrosion 
resistance of orthodontic wires. 

The average body temperature is 37 ºC. Hence the 
experiments are carried out at 37 ± 0.1 ºC. However, when 
hot liquids such as hot water, hot coffee or tea, orally taken, 
they will affect the corrosion resistance of orthodontic wires 
in the oral environment. Hence researchers have carried out 
experiments at various temperatures also.8,19,46 It is 
observed8 that the corrosion rate of non precious dental 
alloys increases when the temperature is increased (20, 37 
and 50 ºC). At low temperature, passive films are formed. 
At 25 ºC a passive film is formed on pure Titanium.46 

Influence of pH on the corrosion resistance of 
orthodontic wires. 

Influence of pH on corrosion and passivity is a well 
established concept. At lower pH, because of acidic 
environment, many metals and alloys undergo corrosion. 
Same thing happens to metals and alloys of orthodontic 
wires in the oral environment.11,26,36,38,45,52,60,72 At pH 4 and 6, 
in presence of sodium fluoride, and artificial saliva, stainless 
steel and nickel-titanium alloy undergo pitting corrosion.36 
This has been proved by SEM. At low pH value of saliva, 
the oxide film formed on Ti-23T alloy was found that to be 
porous, which may enhance corrosion than at low pH =2.5. 
The corrosion of Ti6AlNb and Ti30Ta alloys increased, in 
presence of fluoridated saliva.51 At low pH values, the 
bonding strength was reduced in Titanium-Porcelain.60  
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Conclusion 

One of the primary requisites of any metal or alloy that 
is to be used in the mouth is that it must not produce 
corrosion products that could be harmful to the body. 
Some metallic elements that are completely safe in the 
elemental state can form hazardous or even toxic ions or 
compounds. Besides, the degradation of the alloy should 
be limited in order to guarantee its service life. Several 
metals and alloy have been in dentistry as bracket, band, 
orthodontic wires it is essential to know the corrosion 
resistance of this materials in the presence of saliva. The 
corrosion resistances of these materials have been 
evaluated by electrochemical studies such as polarization 
study and AC impedance spectra. The film formed on the 
metal surface has been analysed by surface analysis 
techniques such as SEM, EDX, X-ray and AFM. 
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