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The effect of released galvanic corrosion products
caused by wire bracket contact on bacterial flora:
an in-vitro study
Wael Mohamed Mobarak Refai

Background The galvanic corrosion products released

from contact between dissimilar orthodontic alloys and

their effect on bacterial flora have not been given the

importance they deserve.

Aim This study was conducted to assess the effect of

galvanic corrosion products of different wire bracket

couples on bacterial flora.

Methods The study included 30 individuals from whom

bacteria were collected from the gingival sulcus of the

upper and lower posterior teeth. From nine types of

bacteria isolated, only four types (two aerobes and two

anaerobes) causing periodontitis were selected:

Staphylococcus epidermidis, Staphylococcus aureus,

Aggregatibacter actinomycetemcomitans, and Klebsiella

spp. These bacterial species were proliferated and counted

using a colony counter. Simultaneously, three types of

wires (StSt, NiTi, and CuNiTi) were coupled with

stainless-steel brackets. Both round and rectangular

shapes were used. The samples were immersed in an

electrolytic solution and incubated at 378C for 1, 2,

and 3 weeks. The fluid containing the galvanic corrosion

products was then added to the cultures.

Results The decrease in bacterial count was proportional

to the duration of immersion. The greatest decrease was

found using CuNiTi wires, followed by stainless-steel wires

and finally NiTi ones.

Conclusion Rectangular wires showed greater decrease

in bacterial counts than did round wires. However, the

decrease was insignificant. Egypt J Oral Maxillofac Surg

3:36–44 �c 2012 The Egyptian Association of Oral &

Maxillofacial Surgeons.
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Introduction
The effects of orthodontic treatment on periodontal health

has been investigated in several studies [1,2], and many

researchers have observed an inflammation of gingival

tissues during fixed orthodontic therapy.

Fixed orthodontic metallic appliances such as brackets,

archwires, and molar bands are manufactured from base

metal alloys such as stainless steel (FeCrNi), cobalt–

chromium–nickel (CoCrNi), nickel–titanium (NiTi), b-

titanium (b-Ti), and pure titanium.

These orthodontic alloys except for b-Ti and pure

titanium contain nickel, the release of which produces

mild allergic reactions during orthodontic treatment,

which are of clinical concern.

Whether ion release, especially nickel, has adverse effects

has been debated in various studies. It was found that

increased Ni ions are released initially after the orthodontic

devices have been fitted, but they decay quickly. It is

unlikely that orthodontic NiTi wires are a relevant additional

Ni load for the patient [3].

House et al. [4] reported that the combination of these

materials in close proximity and in hostile conditions can

result in corrosion. However, Staffolani et al. [5] have

concluded that the quantities of metal ions released in our

experimental conditions should not be a cause for concern

in utilizing appliances.

Moreover, it was believed that, although nickel is a strong

sensitizer in contact allergy development [6], adverse

reactions related to orthodontic appliances are rare [7].

This could be explained by a possible tolerance develop-

ment as a result of early intraoral exposure to nickel,

which has been hypothesized and supported by experi-

mental data [8,9].

In contrast, Fors and Persson [10] concluded that nickel

release occurs into the dental plaque and components of

saliva of orthodontic patients, a situation that may reflect

time dependence of its release from orthodontic appli-

ances into the oral cavity and an aggregation of nickel at

plaque sites.

Widu et al. [11] indicated that because of the increasing

number of orthodontic treatments using devices contain-

ing nickel and the growing prevalence of nickel allergy in

the average population, biocompatibility studies of these

devices has become a topic of major interest.

In a clinical situation, two dissimilar alloys (brackets

and archwires) having different corrosion potentials

are placed in contact in the oral cavity during treatment

(1–2 years). This can cause galvanic corrosion leading to

release of metal ions. The major corrosion products are

Fe, Cr, and Ni for stainless steel and Ti and Ni for NiTi

alloys [12].

Nickel and chromium have received the most attention

because of their reported potential for producing allergic,

toxic, or carcinogenic effects [13,14]. Josef [15] indicated

that galvanic corrosion can cause serious conditions such

as lichen planus and leukoplakia and even oral cancer.
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The corrosion behavior of dental alloys is of considerable

interest as it is an indication of their biocompatibility.

Therefore, understanding its mechanism and character-

istics is important. Corrosion of metals and alloys in

aqueous solutions occurs on the surface in the form of an

electrochemical reaction. These reactions are continuous,

resulting in dissolution of metal and loss of ions [16].

In electrochemical corrosion, a galvanic cell is created when

two different metals are coupled. The driving force for

corrosion is a potential difference between the different

materials. Moreover, the galvanic corrosion potential indi-

cates the point at which the oxide film of the alloy is broken

down and dissolution of the alloy begins. A lower corrosion

potential indicates higher susceptibility to corrosion [17].

Many studies had focused their attention on the effects

of orthodontic appliances on the specific microbial com-

position of the subgingival plaque. However, the effect of

galvanic corrosion products on subgingival bacterial flora

was overlooked. Accordingly, this study was conducted to

achieve this objective.

Materials and methods
This research comprised four parts. However, all the

steps except the last one were carried out simultaneously:

(1) Preparation of the fluid containing the corrosion

products in the chemical engineering lab.

(2) Patient preparation and sample collection.

(3) Bacterial isolation and count in the microbiological lab.

(4) Addition of the fluid containing the corrosion

products to the samples.

Preparation of the fluid containing the corrosion

products in the chemical engineering lab

Upper central incisor brackets were used (American

Orthodontics, Sheboygan, Wisconsin, USA) to benefit

from the large surface area of the slot of that bracket.

With regard to wires, FeCrNi, NiTi, and copper–nickel–

titanium (CuNiTi) wires were used, which were both

round (0.018 inch) and rectangular (0.016� 0.022 inch)

(Ormco, Glendora, California, USA).

Simulating the oral environment, the mesh area was isolated

using a composite (Green glue, Glendora, California, USA).

Wires were inserted in the bracket slots and tied using

elastomeric O-ties. The specimen was inserted in a test tube

containing normal saline (NaCl), which was used as an

electrolyte (Fig. 1).

The tubes containing the wire bracket couple were

divided into three groups. They were incubated at 371C.

The first group was incubated for 1 week, the second for

2 weeks, and finally the third for 3 weeks (Fig. 2).

The specimens were given the following codes:

S: stainless steel; NT: NiTi alloy; CNT: CuNiTi; R:

round cross-section; S (before the number): rectangular

cross-section; and finally the number representing the

week of incubation.

For example, NTR1 stands for rounded NiTi wire after 1

week of incubation.

Patient preparation and sample collection

This study included 30 patients (11 male, 19 female) who

intended to undergo orthodontic treatment. Their ages

ranged between 17 and 24 years to avoid the hormonal

effect of puberty on bacterial count or species. There was

no administration of antibiotics for 4 weeks before sample

collection to avoid the effect of drugs on bacterial types or

growth [18]. All female patients were unmarried to avoid

the effect of hormonal changes on bacterial results [19].

All patients were subjected to thorough scaling and teeth

polishing 1 week before participating in this study to

ensure that they all had good oral hygiene and were free

of periodontal diseases.

Fig. 1

The specimen inside the electrolyte.

Fig. 2

The three groups in the incubator.
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Informed consent was signed by every participant

admitting that he is a volunteer in the study and that

he will strictly follow the rules pertaining to oral hygiene.

All patients were instructed to use the same type of

toothpaste (Signal 2 toothpaste, Unilever Mashreq, Cairo,

Egypt) to avoid the effects of different tooth pastes on

bacterial types or count.

Patients were asked to brush their teeth three times a day

(after breakfast, lunch, and dinner, or before going to

bed). This type of prophylaxis was carried out because

the manual brushing proved to be less superior than Sonic

brushing in improving periodontal health in adolescent

orthodontic patients [20].

Fixed orthodontic treatment was carried out and molars

were banded. Subgingival crevicular fluid samples were

collected from the proximal sites of the index teeth 1

month after starting the treatment. Moreover, antibiotic

intake for at least 4 weeks before the time of sample

collection had to be avoided.

The index sites were the mesial proximal site of the

gingival sulcus of the upper and lower permanent canines,

upper and lower first permanent molars, besides being

the distal proximal site of the gingival sulcus of both the

last permanent upper and lower molars.

A sterile paper point (Meta, Korea) was used to collect

the samples by inserting it in the index site for 15 s. The

sterile paper point was then pooled in a sterile sealed

plastic container containing tryptone soy broth (LAB M,

Detroit, MI, USA) for aerobic culture and thioglycolate

broth (Difco, Internatinal Diagnostic Group, Lancashire,

UK) for anaerobic culture. Samples were delivered within

2 h to the microbiological lab.

Bacterial isolation and count in the microbiological lab

Culture and biochemical reaction

With regard to culture formation, samples were cultured

in different types of media for bacterial growth in the

microbiological laboratory. For anaerobic bacterial growth,

dishes containing medium were kept in an anaerobic

GasPack system (Fig. 3). Samples were incubated for 24 h

at 371C in the incubator.

Aerobic cultures were examined by methyl red reaction

(Difco, UK), Voges–Proskauer’s reaction (Difco, UK), and

indole reaction (LAB M, USA) to identify different types of

bacterial species. The anaerobic profile index (Bio Merieux,

Becton, Dickinson, France) was used to identify different

types of anaerobic bacterial species (Fig. 4). The cultivation

media were nutrient agar (Difco, USA) (Figs 5 and 6) and

MacConkey’s agar (LAB M, UK) (Fig. 7).

All these media and tests were autoclaved for 15 min at

1211C to ensure complete sterilization before use to

avoid other bacterial incorporation in the culture [21].

Nine types of bacterial species were revealed by micro-

bial examination: Staphylococcus epidermidis, Staphylococcus
aureus, Streptococcus mutans, Streptococcus mitis, Lactobacilli
spp., Prevotella spp., Aggregatibacter actinomycetemcomitans,
Porphyromonas gingivalis, and Klebsiella spp.

However, only four types (two aerobes and two anae-

robes) were selected: S. epidermidis, S. aureus, A.
actinomycetemcomitans, and Klebsiella spp.

Bacterial count

Because of their very small size, counting the number of

bacteria in a sample can be difficult. Usually, bacterial

samples must be diluted considerably to obtain reason-

able counts. This was done by carrying out serial dilution.

Bacterial cell numbers were reduced by repeatedly diluting

the amount of bacteria in the sample. A 0.1 ml of bacterial

sample was mixed with 9.9 ml of diluent solution (0.9%

NaCl), and then successive dilutions were made.

A small amount of each of the diluted bacterial samples

was then spread on an agar plate. The number of bacterial

colonies that grew on each plate was counted. By

multiplying the number of colonies with dilution factor

Fig. 3

The anaerobic GasPack system.

Fig. 4

Anaerobic profile index.
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(the number of times that you have diluted the bacterial

sample with the diluent solution), it was possible to

determine the number of bacteria in the original

sample [21].

The procedure was carried out using a colony counter. It

consisted of lighted surfaces on which the plate was

placed, with the colonies marked off with a felt-tipped

pen on the outer surface of the plate while the operator

recorded the count manually (Fig. 8).

Addition of fluid containing the corrosion products to

the bacterial samples

This was the final step. Thereafter, the bacterial count

was repeated.

Results
Data were checked, coded, entered, and analyzed using

the Statistical Package for Social Sciences (SPSS, IBM,

Armonk, NY, USA) version 1.0 software. Descriptive

analysis was carried out to estimate the difference in

bacterial counts after 1, 2, and 3 weeks (T0 represents

the initial bacterial count before adding the fluid

containing the corrosion products).

Fig. 5

Staphylococcus epidermidis over nutrient agar.

Fig. 6

Staphylococcus aureus over nutrient agar.

Fig. 7

Klebsiella colony on MacConkey’s agar.

Fig. 8

Colony counter.
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S. epidermidis showed an ascending decrease with time

(Fig. 9) when the round FeCrNi wire was used. The same

results were also revealed with the rectangular FeCrNi

wire. The comparative difference in results was non-

significant.

Both round and rectangular NiTi wires showed a decrease

in S. epidermidis bacterial count with time. The greatest

decrease was observed in the third week. The rectangular

wire resulted in a greater decrease than the round one.

However, the difference in bacterial count between both

shapes was statistically nonsignificant.

With regard to CuNiTi wires, S. epidermidis count decreased

with time. The greatest decrease was observed in the third

week. Similarly, the decrease was greater with rectangular

wires.

Comparing the three shapes, the greatest decrease was

observed with CuNiTi wires followed by FeCrNi wires

and finally NiTi wires in case of round cross-sections. The

same was detected with the rectangular wire during the

first and second week. In the third week the greatest

decrease was observed among CuNiTi wires followed by

NiTi wires and finally FeCrNi wires (Table 1).

The S. aureus count changed with time (Fig. 10). A

decrease was revealed with the three types of round

wires. The greatest decrease was seen in the third week.

CuNiTi wires yielded the greatest decrease, followed by

FeCrNi wires. The NiTi wire yielded the least decrease.

With regard to rectangular wires, the three types showed

the same results as the round ones. The decrease in

bacterial count was higher with rectangular wires than

with round ones. The greatest difference was found

between round and rectangular NiTi wires. However, the

bacterial count after the first week showed greater

decrease than when CuNiTi wires were used (Table 2).

No statistically significant difference was detected be-

tween round and rectangular wires when examining the

change in the bacterial count of A. actinomycetemcomitans
(Fig. 11). The decrease was ascending, signifying that the

greatest decrease was observed after 3 weeks. With regard

to round wires, both NiTi and CuNiTi wires exhibited the

same bacterial count in the second and third weeks. Round

FeCrNi wires led to a lesser decrease in all the three

periods compared with the other two types.

Fig. 9

Change of Staphylococcus epidermidis bacteria count with time.

Table 1 Changes in Staphylococcus epidermidis bacterial counts
between round and rectangular wires after addition of the
ion-containing fluid

Round Rectangular

Stainless
steel NiTi CuNiTi

Stainless
steel NiTi CuNiTi

T0 3.6E + 07 3.6E + 07 3.6E + 07 3.6E + 07 3.6E + 07 3.6E + 07
W1 3.5E + 07 3.1E + 07 2.8E + 07 3.5E + 07 3.4E + 07 3.0E + 07
W2 3.1E + 07 2.7E + 07 2.3E + 07 3.2E + 07 3.0E + 07 2.4E + 07
W3 2.7E + 07 2.5E + 07 2.0E + 07 2.7E + 07 2.8E + 07 2.1E + 07

NiTi, nickel–titanium; CuNiTi, copper–nickel–titanium.

Fig. 10

Change of Staphylococcus aureus bacteria count with time.

Table 2 Changes in Staphylococcus aureus bacterial counts
between round and rectangular wires after addition of the
ion-containing fluid

Round Rectangular

Stainless
steel NiTi CuNiTi

Stainless
steel NiTi CuNiTi

T0 5.0E + 10 5.0E + 10 5.0E + 10 5.0E + 10 5.0E + 10 5.0E + 10
W1 4.7E + 10 4.6E + 10 4.0E + 09 4.8E + 10 4.1E + 10 4.6E + 10
W2 4.4E + 10 4.3E + 10 3.5E + 10 4.5E + 10 3.6E + 10 3.9E + 10
W3 4.2E + 10 4.1E + 10 3.3E + 10 4.1E + 10 3.0E + 10 3.6E + 10

NiTi, nickel–titanium; CuNiTi, copper–nickel–titanium.

Fig. 11

Change of Aggregatibacter actinomycetemcomitans bacteria count
with time.
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With regard to rectangular wires, the least decrease was

observed with CuNiTi wires. However, no statistically

significant difference was detected between the three

types. Moreover, the difference between the change in

bacterial count of A. actinomycetemcomitans in both round

and rectangular wires was nonsignificant. The least

decrease in bacterial counts was detected in this type

of bacteria after 3 weeks with CuNiTi wires (Table 3).

The round wire revealed the same results when the

change in the bacterial count of Klebsiella spp. was

inspected (Fig. 12). In the first week, the least decrease

was observed with NiTi wires. In the second week, the

least decrease was observed with CuNiTi wires followed

by FeCrNi and finally NiTi wires. In the third week,

bacterial counts decreased similarly with both NiTi and

CuNiTi wires but less than with FeCrNi wires.

With the use of rectangular wires, the bacterial count of

Klebsiella spp. decreased. The greatest decrease was

observed with CuNiTi wires followed by NiTi and then

FeCrNi wires. In the second week, the bacterial count

was the same with NiTi and CuNiTi wires but less than that

with FeCrNi wires. In the third week, the least decrease was

observed with NiTi wires followed by CuNiTi wires and

finally FeCrNi wires.

A comparison between the results of round and

rectangular wires revealed no statistically significant

difference, except the decrease in the bacterial count at

the third week with NiTi wires (Table 4).

Discussion
In-vitro release of nickel from orthodontic appliances has

been noted using microscopic analysis of corrosion and

chemical analyses of orthodontic components when ex-

posed to an artificial oral environment [22–24]. Release of

nickel is reported to vary with the composition and

manufacturing details of the appliance components [25]

and between archwire alloys and mechanical strain-

ing [26].

The surface area ratio of two dissimilar alloys is a very

important factor as it affects the galvanic corrosion

behavior. An unfavorable area ratio, which consists of a

large cathode and a small anode, might lead to a greater

corrosion rate from the anodic alloy. When this is applied

to the orthodontic field, it is difficult to determine the

real surface area ratio between brackets and archwire in

clinical use. Accordingly, an in-vitro study was carried out.

The effect of corrosion products on bacteria in the oral

cavity was not given the importance it deserved. This study

was therefore conducted to accomplish this objective.

First, the fluid containing corrosion products was pre-

pared. In this study the electrochemical measurement

method was used to produce galvanic corrosion products

of various orthodontic wire-bracket couples.

Normal saline solution (0.9% NaCl) was used because it

is a corrosive agent. As corrosion testing of dental material

should be carried out at a standard temperature of

371C [27], the solution temperature was controlled at

this temperature with a thermostat to simulate the oral

condition. This temperature (371C) represents the normal

temperature of the oral cavity [28]. Static immersion

tests were carried out at different periods (7, 14, and

21 days), and at the end of each period the specimens were

removed.

Three different wire alloys, namely, CuNiTi, NiTi, and

FeCrNi, and one type of the most commonly used

bracket made of iron–chromium–nickel (FeCrNi) were

tested in a reference saline solution.

Thirty adult patients were selected to participate in this

study. The ages of all patients ranged from 17 to 25 years.

Banded and bonded attachments were inserted. After

1 month, samples were taken from the proximal surfaces

of all index teeth to standardize the site of sample

collection. This site was selected because the incidence

of hyperplasia was greater in the posterior areas of the

mouth than in the anterior and was greater interproxi-

mally than at the center of the crown [29]. Moreover,

Table 3 Changes in Aggregatibacter actinomycetemcomitans
bacterial counts between round and rectangular wires after
addition of the ion-containing fluid

Round Rectangular

Stainless steel NiTi CuNiTi Stainless S NiTi CuNiTi

T0 2.6E + 10 2.6E + 10 2.6E + 10 2.6E + 10 2.6E + 10 2.6E + 10
W1 2.5E + 10 2.3E + 10 2.4E + 10 2.5E + 10 2.2E + 10 2.3E + 10
W2 2.1E + 10 2.0E + 10 2.0E + 10 2.2E + 10 1.8E + 10 1.9E + 10
W3 1.8E + 10 1.6E + 10 1.6E + 10 1.8E + 10 1.6E + 10 1.5E + 10

NiTi, nickel–titanium; CuNiTi, copper–nickel–titanium.

Fig. 12

Change of Klebsiella bacteria count with time.

Table 4 Changes in Klebsiella bacterial counts between round and
rectangular wires after addition of the ion-containing fluid

Round Rectangular

Stainless
steel NiTi CuNiTi

Stainless
steel NiTi CuNiTi

T0 4.5E + 09 4.5E + 09 4.5E + 09 4.5E + 09 4.5E + 09 4.5E + 09
W1 4.4E + 09 4.3E + 09 4.2E + 09 4.3E + 09 4.2E + 09 4.1E + 09
W2 4.2E + 09 4.0E + 09 3.5E + 09 4.1E + 09 3.6E + 09 3.6E + 09
W3 3.7E + 09 2.0E + 09 2.0E + 09 3.7E + 09 2.1E + 09 3.1E + 09

NiTi, nickel–titanium; CuNiTi, copper–nickel–titanium.
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Tzannetou et al. [30] had concluded that phosphatase

activities in gingival crevicular fluid might be a useful

means for monitoring tissue responses to orthodontic

treatment.

Paper points of size 30 were used as they are rigid enough

and can be easily inserted into the bottom of the gingival

sulcus. The paper point was kept in the gingival sulcus for

15 s to allow sufficient time for absorption of the gingival

crevicular fluid [31]. Thereafter, the samples were

transported to the microbiological laboratory within 2 h.

Thioglycolate broth and tryptone soy broth were used as

transporting and nourishing media for anaerobic and

aerobic bacteria, respectively. Nutrient agar was used for

all bacterial cultures. MacConkey’s agar was used for

culture of Klebsiella spp. [31].

With regard to the difference between the two strains of

staphylococci bacteria, S. epidermidis was coagulase nega-

tive, whereas S. aureus was coagulase positive. Klebsiella

bacteria tested negatively in both indole and methyl red

tests, whereas it tested positively in Voges–Proskauer’s

test. Identification of different types of anaerobic bacteria

was carried out using anaerobic profile index.

The following Gram-negative and Gram-positive bacteria

were investigated: S. epidermidis and S. aureus (Gram-

positive aerobic bacteria), A. actinomycetemcomitans (Gram-

negative anaerobic bacteria), and finally Klebsiella spp.

(Gram-negative aerobic bacteria).

They were selected because they increase in number in

cases of periodontitis [1]. It was also proven that

appliance-free young individuals initially infected with

A. actinomycetemcomitans had a higher risk of experiencing

more gingival inflammation than did individuals who were

not infected with the bacterium during a 3-year observa-

tion period [32,33].

A colony counter was used to count bacteria before

adding the ion-containing fluid (T0). The number of

each type of bacterium was fixed among all the samples to

ensure accuracy of the results. Bacteria were counted 1

week, 2 weeks, and 3 weeks after addition of galvanic

corrosion product-containing solutions.

Bearing in mind the fact that this is an in-vitro study and

salivary flow is absent, the results denote the direct

relationship between corrosion products and bacterial

counts. It was revealed that the decrease in bacterial

counts was proportional to the incubation period.

Accordingly, it was proved that the longer the period of

immersion, the more the reduction in bacterial count.

Many index sites were selected. The reason was the

change in bacterial count before and during treatment in

the same mouth. In-vivo studies revealed an increase in

both the S. epidermidis and S. aureus counts of the gingival

sulcus during the course of the orthodontic treatment.

The correlation between the increase in microbial count

and duration of follow-up was insignificant at the upper

canine and lower second molar. However, this increase

was significant at the upper first molar, upper second

molar, lower canine, and lower first molar [34]. These

results agreed with those of Türkkahraman et al. [35] and

disagreed with those of Petti et al. [36] and Speer

et al. [37].

In other studies, A. actinomycetemcomitans increased sig-

nificantly during the course of the orthodontic treatment.

The correlation between the increase in microbial count

and duration of follow-up was insignificant at the upper

canine and lower canine. However, it was significant at

the upper first molar, upper second molar, lower first

molar, and lower second molar [35]. These results agreed

with those of Ho [20], Paolantonio et al. [38], Sallum

et al. [39], Türkkahraman et al. [35], Naranjo et al. [31],

Leung et al. [33], Petti et al. [36,] and Thornberg

et al. [18]. However, the results disagreed with those of

Sinclair et al. [40] and Speer et al. [37].

In-vivo studies showed an absence of Klebsiella spp. before

and 1 week after the fixed orthodontic treatment; it

increased significantly along the course of the orthodontic

treatment. The correlation between the increase in micro-

bial count and duration of follow-up was significant at the

upper canine, upper first molar, upper second molar, lower

canine, and lower first and second molars. These results

were in agreement with those of many other studies [35,38]

and disagreed with those of others [37].

From all the previously mentioned results, specific

bacteria found in periodontitis cases had to be collected

from different index sites.

In this study no surface polishing of orthodontic wire or

bracket was carried out by any common polishing methods,

the reason being that wire-bracket couples are practically

fixed in the oral cavity without surface polishing, which

leads to real corrosion.

It was proved that galvanic corrosion potential varied with

time of immersion in saline solution. In NiTi wire alloys

and FeCrNi (StSt) wire alloys coupled with stainless-

steel brackets, the corrosion potential moved in a more

desirable direction with a longer immersion period; in

contrast, the corrosion potential of the CuNiTi wire alloy

coupled with FeCrNi moved in a less desirable direction

after starting immersion [41]. In addition, no significant

potential difference could be found between the FeCrNi

wire and NiTi wire-coupled alloys [42].

The previously mentioned findings support the results of

the current study. The longer the immersion time, the

more the number of corrosion products released, and

hence the more the bacterial count decreased. This

explains why the bacterial count was intended to be equal

when comparing the couple alloys. Moreover, our results

are supported by the studies by Darabara et al. [12] and

Schiff et al. [43].

From the present study, it was found that the orthodontic

NiTi wire coupled with a stainless-steel bracket has the

best corrosion resistance when compared with other

specimens, whereas the orthodontic CuNiTi wire coupled

with a stainless-steel bracket had the least corrosion

resistance. These findings are in agreement with those

of other studies [44–47]. This, in turn, reexplains the

greater decrease in bacterial count after 3 weeks of

immersion.
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With regard to the CuNiTi wire, TiCu2 is a phase present

in the alloy. Copper constitutes the precipitated phase

and plays an important role in the corrosion rate [48].

The orthodontic FeCrNi wire-coupled alloy showed the

second highest decrease in bacterial count. This can be

explained by the formation of passive film. This passive film

is composed of Cr2O2, which precipitates on the surface of

the FeCrNi wire and prevents further oxygen diffusion,

resulting in increased corrosion resistance [49–51].

The NiTi wire-coupled alloy also formed a passive film

that mainly consisted of several oxides of TiO2, TiO, and

Ti2O5, which proved to have good biocompatibility with

the NiTi alloy. No significant difference was observed

between the results of the present study and those

reported in references [52–55].

The decrease in bacterial count was higher with rectangular

wires than with round ones. This can be attributed to the

larger surface area of the rectangular wire. A significant

difference was found between the electrochemical para-

meters of both rectangular and round wires. The results

revealed that both NiTi and FeCrNi orthodontic wires had a

similar trend for corrosion resistance, but the CuNiTi wire

showed less desirability [41].

Conclusion

(1) The longer the immersion period of the wire bracket

couple, the greater the decrease in bacterial count.

(2) CuNiTi wires exhibited the highest decrease in

bacterial counts, followed by FeCrNi wires and finally

NiTi wires.

(3) Rectangular wires showed a greater decrease in

bacterial counts compared with round wires.

Recommendations
Many factors are encountered when considering the oral

environment. Among these are the different pH values

and various temperatures caused by cold or hot intakes,

besides normal ones. Accordingly, when an in-vivo study

testing galvanic corrosion behavior is carried out, none of

the factors must be overlooked.
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