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ABSTRACT 

 

INTRODUCTION: The growing demand for orthodontic braces among  Malaysians has led to the development of 

fake braces. These fake braces services are illegal and their brackets are reported to be of inferior quality. Fake 

braces are constantly being exposed to the saliva intraorally, hence they are susceptible to corrosion. This study was 

conducted to investigate the release of metal ions as a result of corrosion from standard and fake orthodontic 

braces immersed in artificial saliva of different pH. MATERIALS AND METHODS: A total of six different types 

of brackets (three from standard and three from fake braces) were immersed in containers containing 5 mL of 

artificial saliva of pH 4.9 and pH 7.8. The samples were collected for analysis on day 1, day 14, and day 28 using 

Inductively-Coupled Plasma Mass Spectrometry (ICPMS) to evaluate the amount of metal ion released. Statistical 

analysis was performed to isolate the significant difference of metal ions released between two types of braces in 

different pH solutions. RESULTS: The release of aluminum, nickel, chromium, manganese and copper were 

observed and analyzed. Fake braces released the highest concentration of chromium, manganese, and nickel ions in 

both artificial saliva as compared to standard braces. Brackets immersed in pH 4.9 released a higher number of ions 

compared to pH 7.8. CONCLUSION: This study showed that fake braces released the highest concentration of 

metal ions as compared to standard braces. Both time and pH influenced the release of metal ions from 

orthodontic brackets. 
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INTRODUCTION 

 

The purpose of orthodontic treatment is to correct 

dental malocclusion, management of skeletal 

discrepancies and craniofacial deformity. This treatment 

which once thought to cause discomfort and insecurity 

is now being perceived as fashion accessories especially 

among the Asian teenagers. Orthodontic treatment is 

thought to symbolize someone’s wealth, status, and 

lifestyle because the treatment is expensive. This 

growing demand for orthodontic braces among 

Malaysian community has led to the development of 

fake braces. Nowadays, many fake and braces services 

are being offered through social media by unqualified 

personnel using poor quality orthodontic brackets.1 The 

fake braces are not bonded onto teeth and are unable to 

produce tooth movement. Fake braces services are 

provided by individual with no formal dental education 

in unlicensed premises. On the contrary, standard braces 

are brackets used by certified orthodontic specialists and 

these brackets are manufactured by medical device 

manufacturers.  

 

Orthodontic brackets are manufactured from different 

types of alloys and they contain protective oxide layer 

that protect the alloy surface from corrosion.2 Corrosion 

of the orthodontic brackets develop when brackets are 
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in direct contact with saliva, which acts as an electrolyte 

in the oral cavity. The oral cavity environment that 

favour the corrosion process are reported to be 

contributed by diet rich in sodium chloride, acidic 

carbonated drinks and fluoride-containing products 

such as toothpaste and mouthwash.3 The dissolution of 

this oxide layer (passivation) exposes the metal surface 

and causes the release of metal ions such as nickel, 

chromium and cobalt, which has been reported to cause 

hypersensitivity, dermatitis, and asthma 4-6. Metal ion 

release was believed to be influenced by the 

composition of the metal and not the content of metal 

in an appliance.7 Previous studies reported that the pre-

existed surface defects and irregular bracket surfaces are 

more susceptible to corrosion.1, 8, 9  

 

Studies that investigated the biocompatibility of 

standard orthodontic brackets have been well 

documented. However, studies that explore the 

corrosion of fake braces has never been conducted. 

Therefore, the aim of this study was to investigate the 

release of metal ions in artificial saliva from standard 

and fake orthodontic brackets. Furthermore, the effects 

of pH and time of exposure on the release of metal ions 

from these brackets were also evaluated.  

 

MATERIALS AND METHODS 

 

Samples 

 

This study utilizes orthodontic brackets sampled from a 

previous study.1 The sample consist of six orthodontic 

brackets (Figure 1) and the details of each bracket are as 

follows: Fake braces 1 to fake braces 3 has no brands; 

Standard braces 1-3M Victory Series™ from 3M 

Unitek; Standard braces 2-Forestadent Quick® from 

Forestadent; Standard braces 3-MEM Dental EPS from 

MEM Dental Technology. Samples for fake braces were 

sourced from multiple online suppliers. Two different 

types of artificial saliva: Fusayama/Meyer (pH 4.9) and 

AFNOR NF S91-141 (pH 7.8) were used in this         

study. The chemical composition of Fusayama/Meyer         

(pH 4.9) artificial saliva is described as follows: 97-100% 

water, distilled water, deionized water, <0.1% 

Potassium Chloride, <0.5% Urea, <0.1% Sodium 

Chloride, <0.1% Sodium Phosphate Monobasic 

Dihydrate, <0.1% Calcium Chloride Dihydrate, 

<0.0005% Sodium Sulfide Nonahydrate; whereas the 

composition of AFNOR NF S91-141 (pH 7.8) artificial 

saliva is described as follows: 0.7 g/l NaCl, 1.2 g/l KCl, 

0.26 g/l Na2HPO4H2O, 1.5 g/l NaHCO3, 0.33 g/l 

KSCN and 1.35 g/l urea, 60-70% Nitric Acid 

(TraceMetal™ Grade), Deionized water, 2% Nitric 

Acid. 

Figure 1 Top left to right: Three types of fake braces, all fake         
braces has no brands. Bottom left to right: Standard braces 1-3M 
Victory Series™; Standard braces 2-Forestadent Quick®; Standard 
braces 3- MEM Dental EPS. 

Sample preparation 

 

Containers containing 5ml of artificial saliva of pH 4.9 

and 7.8 were prepared. All six brackets were then 

immersed in these containers containing artificial saliva. 

Three different time-frames (Day 1, Day 14 and Day 28) 

were selected to evaluate the effect of corrosion of 

standard and fake orthodontic brackets. The solutions 

were then incubated according to the designated time-

frame in a Memmert water bath WNB 7-45 at 37.0°C.  

 

Sample digestion 

 

The artificial saliva solution was first digested in order to 

determine the level of metal ions. 1 ml of artificial saliva 

solution and 1 ml of 67% nitric acid (TraceMetal™ 

Grade) were pipetted into the Teflon vessels. Then, 

Teflon bombs were placed in an oven of 100.0 ⁰C for 1 

hour and later cooled for another 1 hour. The mixed 

solution in Teflon bombs were transferred into 

individual centrifuge tubes and further diluted with 

deionized water until the solutions reach the volume of 

10 ml.  
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Instrumental analysis 

 

The digested solution was then analysed for metal 

content using an Inductively-Coupled Plasma Mass 

Spectrometry ICPMS (Perkin Elmer ICPMS Elan 9000). 

Interferences were eliminated using internal standards 

and ionization buffers.  Instrument machine calibration 

was done using calibration solution (PerkinElmer Multi-

element Calibration Standard 3) to achieve accurate 

element detection and concentration analysis. QC 

sample standard was also performed using QCP-QCS-3 

solution (Inorganic Ventures) to ensure the accuracy of 

the analysed elements and concentration. All the 

analytical procedures were performed under the EPA 

method 200.7.  

 

Statistical analysis 

 

Statistical analysis was performed using the SPSS version 

23.0 (SPSS Inc., Chicago, USA). Kruskal-Wallis test was 

used to isolate significant difference of metal ions 

release between standard and fake braces in artificial 

saliva after 28 days. The test was also used to determine 

the significant difference of metal ions release between 

braces in different pH solutions. Statistical significance 

was determined when P < 0.05. 

 

RESULTS 

 

The average metal ion release (ug/L) from standard and 

fake brackets were presented in Table I (pH 4.9) and 

Table II (pH 7.8). From the ICP-MS analysis, the 

following metal ions were selected due to their cytotoxic 

and allergenic properties: aluminium, nickel, chromium, 

manganese and copper. In general, the release of the 

Average Metal Ion Release, ug/L 

    Al Cr Mn Ni Cu 

Brackets Day Mean SD Mean SD Mean SD Mean SD Mean SD 

Standard 1 16.7 6.1 33.7 22.5 16.7 5.8 90.0 34.6 13.3 15.3 

14 96.7 124.2 340.0 415.8 30.0 20.0 1936.7 773.6 3.3 5.8 

28 1766.7 509.5 2470.0 350.3 140.0 144.2 333.3 141.9 46.7 56.9 

Fake 1 133.3 105.0 43.3 6.7 50.3 36.6 1180.0 195.2 26.7 11.5 

14 176.7 187.2 410.0 435.9 6.67 11.5 8436.7 1622.8 10.0 10.0 

28 2933.3 1191.8 4716.7 2824.1 73.3 15.3 1110.0 630.9 20.0 10.0 

Table I: The average metal ion release by standard and fake bracket in artificial saliva with pH 4.9. 

metal ions was higher in pH 4.9 compared to pH 7.8. 

Nickel showed the highest release of ions into the 

artificial saliva, followed by chromium and aluminium. 

Copper showed the lowest release rate as compared to 

other ions in both pH 4.9 and 7.8.  

 

When comparing between the two types of brackets, 

fake braces released the highest concentration of nickel 

in the first 14 days. After day 14, the release of                    

the nickel ions decreased. This is in contrary with 

chromium and aluminium, which increased significantly 

after day 14. The amount of chromium ion release was 

found to be highest on day 28 for all types of brackets. 

Aluminium ion release continued to increase 

significantly on day 28 with the fake braces again having 

the highest ion concentration. Copper ion release was 

generally low compared to other metal ions. The copper 

ion release in pH 4.9 was low during day 14 and then 

increased for day 28 for most of the brackets. 

 

Table III showed the results of Kruskal-Wallis H test 

used to analyse the types of bracket used and the 

exposure time on the release of ions between standard 

and fake orthodontic brackets. The test showed a 

statistically significant difference in the release of 

chromium ions (P=0.044) and manganese ions (P= 

0.022) for day 1. On the other hand, the release of 

nickel showed a statistically significant difference during 

day 14 (P=0.027).  

 

The mean rank suggested that the release of these ions 

in fake braces is higher than standard braces. Table IV 

showed the results of Kruskal-Wallis H test used 

evaluate the release of metal ions between pH 4.9 and 

pH 7.8. Statistically significant difference in the release 
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of aluminum during day 14  (P=0.005) and for nickel 

during day 28 (P=0.002). The mean rank value 

suggested that the release of aluminum ions at day 14 

was higher in pH 4.9 whereas the release of nickel at 

day 28 was higher in pH 7.8. 

 

 

 

 

 

 

 

 

DISCUSSION 

 

The ion release from standard and fake orthodontic 

brackets immersed in artificial saliva were highlighted in 

this study. It was found that fake braces released the 

highest concentration of metal ions in artificial saliva as 

compared to standard orthodontic brackets. The release 

of the metal ions in this study is of a non-linear metal 

release which means that the ion released did not have a 

constant rate. This is in agreement with another study 

by Wendl et al that showed variable metal release profile 

and are most probably due to differing degrees of 

surface passivation of the tested components.8 The 

nickel ion released in this study is also a non- linear ion 

release. The value increased in the first 14 days and then 

decreased on day 28 as shown previously. However, the 

release of chromium and aluminium increased slightly 

 

between day 1 and day 14 and then the values increased 

significantly on day 28. Whereas for manganese and 

copper, the ion release decreased between day 1 and day 

14 and then multiplied on day 28. 

Average Metal Ion Release, μg/L 

    Al Cr Mn Ni Cu 

Brackets Day Mean SD Mean SD Mean SD Mean SD Mean SD 

Standard 1 16.7 8.3 10.0 10.0 0.0 0.0 103.3 15.3 16.7 28.9 

14 6.7 5.8 331.3 371.9 3.3 5.8 1736.7 55.1 46.7 14.5 

28 396.7 213.6 2496.7 605.0 123.3 94.5 1746.7 723.4 40.0 20.0 

Fake 1 53.3 83.9 560.0 151.3 40.0 20.0 183.3 100.2 70.0 26.5 

14 43.3 25.2 633.3 135.8 136.7 96.1 6490.0 290.0 46.7 41.6 

28 3366.7 2624.1 3293.3 161.7 76.7 30.6 3240.0 1254.9 20.0 10.0 

Table II: The average metal ion release by standard and fake bracket in artificial saliva with pH 7.8. 

 Type of 
Bracket 

N Mean Rank P-value 
(Kruskal -
Wallis H 

test) 

Chromium 
(Day 1) 

Standard 3 2.83 
0.044* Fake 3 8.00 

Total 6  

Manganese 
(Day 1) 

Standard 3 3.50 
0.022* Fake 3 8.00 

Total 6   

Nickel 
(Day 14) 

Standard 3 2.00 
0.027* Fake 3 8.00 

Total 6   

Table III: Kruskal-Wallis test on analysis of ions release between 
standard and fake brackets.  

 pH N Mean Rank p-value 
(Kruskal -
Wallis H 

test) 
Aluminium       

(Day 14) 
4.9 6 13.00 

0.005* 7.8 6 6.00 

Total 12  

Nickel  
(Day 28) 

4.9 6 5.67 
0.002* 

Table IV: Kruskal-Wallis test on analysis of ion release between 
pH 4.9 and pH 7.8.  

A variety of factors can affect the amount of metal 

released from orthodontic appliances including galvanic 

corrosion of different types of metals, the corrosion 

resistance of the material, brazing or welding effects on 

the metal and the surface texture of the appliance. 

According to the first part of this study, fake braces 

were observed to have unpolished surfaces with visible 

crack lines making it a favourable site for corrosion to 

develop. Defects and rough surfaces on orthodontic 

bracket generates disorganization to the crystal lattice of 

the metal bracket thus making the bonds between the 

atoms weak. This led to the formation of bonds with 

elements in the artificial saliva which causes the metal to 

discharge from the brackets. Hunt et al. conducted a 

study on the corrosion of orthodontic wires and 

concluded that polishing can significantly reduce the 

corrosion rate of nickel titanium.10 These results are also 

in agreement with another study that found brackets 
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with surface roughness or defects treated in corrosive 

media will produce more severe and obvious defect as a 

result of corrosion.11  

 

In this study, two different types of artificial saliva 

selected were Fusayama/Meyer (pH 4.9) and AFNOR 

NF S91-141 (pH 7.8). The reason behind this was to 

mimic the pH of oral environment in both acidic 

(during meal) and neutral environment. The saliva pH is 

regulated by the bacteria in dental plaque and is able to 

stimulate the metal ions released from brackets into the 

saliva 12. Oral food clearance and low pH drinks such as 

fruit juices, soft and carbonated drinks cause the 

reduction of pH in the oral cavity thus making it more 

acidic. Nickel titanium orthodontic alloys corrode and 

undergo degradation of their mechanical properties in 

an acidic environment. Brackets corrosion resistance is 

highly dependent on the formation of oxide film 

(passivation), which spontaneously forms and 

maintained by oxygen.13-15 However, the presence of 

acid and chloride ions can damage this protective oxide 

layer and therefore releasing the ions from brackets into 

the oral environment.  

 

Metal corrosion is an electrochemical process in which  

a metal surface is exposed to a conducting aqueous 

electrolyte. This will usually become the site for two 

simultaneous chemical reaction which are oxidation and 

reduction, also known as ‘redox’ 14. In this study, 

aluminium ion release was the highest among all other 

metal ion released in acidic environment whereas nickel 

ion was the highest concentration of metal ion release in 

neutral environment. Lower pH artificial saliva has high 

concentration of hydrogen ion (H+) which in relation to 

the reactivity series was lower compared to aluminium 

and nickel. However, comparing aluminium and nickel 

in relation with hydrogen (H), aluminium is more 

reactive than nickel. Therefore, chemical reactions 

between H and aluminium are more likely to happen 

thus resulting in higher concentration of aluminium ion 

in acidic environment. Nickel continue to corrode in 

acidic environment but is slower when compared to 

aluminium.  

 

The corrosion of metal appliances is an important 

controversial issue in orthodontics. Corrosion releases 

metal ions into the oral cavity which later can be 

absorbed into the oral tissues locally or ingested into the 

gastrointestinal system and causes systemic adverse 

biological effects.16 Chromium and nickel ions are 

known to induce type IV hypersensitivity and 

orthodontic patients have been reported to have two-

fold more nickel allergy compared with non-orthodontic 

patients.5 The World Health Organization (WHO) has 

quantified the recommended dietary allowance and 

adequate intake (RDI) for the five elements that were 

investigated in this study. The RDI are listed below: 

nickel, < 1mg/day; Chromium, 35 μg/day; Manganese, 

1.9-11 mg/day; Copper, 900 μg/day, whereas for the 

aluminium, the Joint FAO/WHO Expert Committee 

on Food Additives (JECFA) stated the value of 30 mg/

kg/day 17. From the results obtained, the average value 

of nickel ions released from all the brackets exceed the 

recommended value of 1 mg/day with the highest value 

recorded in the fake braces immersed in pH 4.9 (1205.2 

μg/day).  No other elements have been found in this 

study to exceed the recommended daily dose (RDD). 

Thus, only nickel was found to pose a potential risk for 

hypersensitivity in patients with fake braces. This is in 

accordance with the results from a study which also 

found that nickel ion release has exceeded the RDD.7 

 

The limitation of this in-vitro study is that it did not 

completely represent the dynamic of oral environment 

during eating and at rest. During mastication, salivary 

buffer system containing bicarbonates, peptides and 

phosphates play an important role in neutralising the 

acidic oral environment, thus reducing the 

concentration of metal ions released from orthodontic 

appliances. Therefore, the release of metal ions in this 

study can be considered to be greater than the actual 

release of ions in patients’ oral cavity. However, 

orthodontic brackets are usually placed intraorally for 

more than a year and patients will experience a much 

longer exposure time to the corroded brackets.  

 

CONCLUSION 

 

This study showed that fake braces released the highest 

amount of nickel and chromium ions as compared to 

standard orthodontic brackets. Both parameters (pH           

& time) influenced the release of metal ions                      

from orthodontic brackets. Metal ions release were 

significantly higher in lower pH and longer immersion 

time. The high level of ion released from fake braces 

may pose potential risk of toxicity and hypersensitivity 
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to wearers. Further study on the effect of metal ions 

release from fake braces on the oral tissues and their 

biocompatibility need to be investigated. 
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