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Abstract 

Plaque and enamel demineralization can occur when 

orthodontic archwires are present in the oral cavity because 

they provide a unique surface for bacterial adhesion. Bacterial 

biofilm plays a major role in the development of 

complications such dental caries and periodontal disease. The 

purpose of the study was to examine the effect that an esthetic 

surface coating of NiTi archwires would have on the 

adherence of mutans streptococci. Material and method: three 

types of coated NiTi archwires (rhodium, gold and flexy blue) 

and one uncoated NiTi archwire with round cross section 

0.016 inch were tested in the current study. Five pieces of 

each types of archwire were incubated in phosphate-buffered 

saline for two hours. Then, these wire segments were 

immersed for 5, 90, and 180 minutes with mutans 

streptococci suspension to conduct the bacterial adhesion 

assay. Result: there were statistically significant differences in 

the degree to which bacteria adhered to the various archwires 

at each time interval, with the level of adhesion being 

statistically highest on the uncoated NiTi wire and the level 

being statistically lowest on the gold-coated NiTi wire (p < 

0.05). The result showed that the highest bacterial adhesion in 

180 min followed by 90 min and the lowest in 5 min. A 

positive correlation was detected between bacterial adhesion 

and incubation time. Conclusion: the esthetic surface coating 

were influence the biofilm adhesion on the archwires, gold 

coated significantly decrease mutans streptococci adhesion 

when compare with uncoated NiTi wire. Higher incubation 

time increased the number of bacterial adherence for all types 

of archwires.  
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Introduction : 

 
When orthodontic wire is placed, it has a 

tendency to develop new surfaces that are 

suitable for plaque production, which 

leads to an increase in the number of 

bacteria that are present in the oral cavity. 

Elements  of orthodontic appliances such 

as brackets, archwires, and bands are used 

as plaque-retentive niches, which makes 

maintaining proper oral hygiene more 

difficult and results in a high cariogenic 

challenge(1, 2). Traditional orthodontic 

archwires are manufactured from stainless 

steel, cobalt-chromium-nickel alloy, 

nickel-titanium (NiTi), or titanium alloys. 

The Nickel titanium (NiTi) alloys are the 

most common aligning archwires(3).  

 

The orthodontic archwire represents an 

important part of the fixed orthodontic 

appliance. The optimal archwire should 

have light, continuous force capability to 

move teeth. The goal of developing this 

force should be to reduce pain, 

hyalinization, and root resorption in the 

patient. The archwire should exhibit 

elastic behavior when subjected to force 

over a period of weeks to months(4). In 

recent times, there has been a notable 

increase in the demand for esthetic 

treatments, the patients' concerns 

regarding esthetics are not limited to the 

correction of the malocclusion; rather, 

they are also concerned with the 

appearance of the orthodontic appliance. 

The widespread availability of esthetically 

pleasing orthodontic materials has resulted 

in an increase in patients seeking 

orthodontic treatment(5). Most of the fixed 

orthodontic appliances are metallic and/or 

silver in color and are quite revealing to 

the outside environment(6). When 

brackets are manufactured, their 

appearance can be enhanced by using 

materials like ceramic or plastic. 

Alternately, the archwires' attractive color 

can be achieved by coating them in epoxy 

resin, teflon, rhodium, as well as a mixture 

of silver and biopolymers and 24K gold. 

The archwires will then have the desired 

color as a result of this(7). Therefore, there 

is a requirement for the availability of 

materials that have a higher level of 

aesthetics for patients, adequate clinical 

performance for clinicians, and the 

discovery of a new way to limit the 

adherence of bacteria(8). 

During treatment, one of the most difficult 

aspects of orthodontics is ensuring that 

patients continue to practice good oral 

hygiene. Due to the difficulty in removing 

dental plaque from the teeth the braces, 

bands, and archwires can exacerbate these 

conditions, this can result in gingivitis and 

enamel demineralization, which can cause 

white spots and cavities(9). Streptococcus 

mutans is known to play an important role 

in the early stages of dental caries and 

enamel decalcification. This bacteria can 

be found in white-spot lesions where 

orthodontic products have been used(10). 

The process of enamel demineralization is 

attributed to the production of organic 

acids by mutans streptococci (MS), which 

includes S mutans and Streptococcus 

sobrinus. Hence, the degree of MS 

adhesion to orthodontic materials can be 

regarded as a crucial determinant in the 

advancement of enamel demineralization 

throughout the course of treatment.(11). 

The various surface properties of dental 

materials are what determine the amount 

of bacteria that will accumulate on those 

materials(12). High surface roughness 

values have a significant effect on 

bacterial adhesion because they reduce 

shear forces on initially adhering bacteria. 

Bacterial adherence is known to be 

enhanced by materials having high surface 

free energy values(11, 13). Few studies 

have expressed interest in the levels of 

bacterial adhesion to different types of 

orthodontic archwires in order to 

determine which material has the highest 

retention capacity of mutans streptococci. 

Previous research mainly focused on the 

physical and mechanical properties of 

components of fixed orthodontic 

appliances. For this important topic, we 

conducted the present study to 

quantitatively evaluate and compare the 

influence of flexy  blue titanium, gold and 

rhodium coating of NiTi arch wires on 

mutans streptococci adhesion with respect 

to incubation time. 
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Material and Method 
Experimental group’s preparation 

Four types of (NiTi) arch wire with round 

cross section (0.016 inches) three types 

coated and one type uncoated were used as 

shown in table (1). 

Each arch wire type was divided into five 

segments measuring (24 ± 1) mm in 

length. The required sample size was five 

wire pieces for each time interval (5, 90 

and 180) minutes, making the number of 

pieces for each kind of archwire 15 in each 

experiment. The experiment for each kind 

of archwire repeated three times making 

the total number of pieces 45 for each 

type. All of the wire segments were 

sterilized in an autoclave for twenty 

minutes at a temperature of 121 ºC and a 

pressure of 15 pounds per square inch(14). 

 

Isolation of Mutans Streptococci  

Pure isolates of mutans 

streptococci from stimulated saliva were 

used in all in vitro tests. Seven patients 

between the ages of 14 and 18 who 

appeared healthy volunteered for this 

project. Each person was instructed to 

chew a piece of paraffin gum (0.5 gm) for 

one minute, expectorate to remove any 

remnants of food, then chew the same 

piece of gum for another minute while 

saliva was collected in a sterile screw-top 

bottle(15). Salivary samples were 

homogenized in a vortex mixer for one 

minute, and then ten-fold serial dilutions 

were made by adding 0.1 ml of the 

homogenized saliva to 0.9 ml of sterile 

phosphate buffer saline (pH 7). From the 

dilution (10-1-10-5), 0.1 ml of the saliva 

was then removed and distributed on MSB 

agar in duplicate using a sterile 

microbiological spreader. The plates were 

incubated anaerobically for 48 hours at 

37°C with gas back (16). S.mutans was 

identified using cultural, morphological 

and biochemical characteristics as 

described by Slot 1992 (17). 

 

Streptococci adhesion to different 

orthodontic archwire 

Five segments of each type of arch 

wire were incubated in 2 ml of sterile 

phosphate-buffered saline (PBS, PH 7.2) 

at temperatures ranging from (25 to 30) °C 

for a period of two hours(18, 19). After 

that, each 5 pieces of arch wire were 

incubated at 37°C for different time 

interval (5, 90, and 180) minutes with 

agitation in a 5 ml suspension of bacteria 

at 107 -108 /ml. To get removal of any 

non-adherent microorganisms, the pieces 

of arch wire were immediately rinsed two 

times with PBS(20).  

 

Culture of adhering mutans streptococci 

bacteria 

For each experiment, the arch wire 

pieces with attached bacteria were washed 

with PBS and then the adhering bacteria 

were removed by treating the sample with 

2 ml of a solution containing 0.25% 

trypsin/EDTA for 45 minutes at 37°C in 

an aerobic conditions (20) Fig (1). After 

that, 0.1ml from each tube was inoculated 

into selective media (MSB agar) plates 

and incubated anaerobically using a gas 

pack for 48 hours at 37°C. The experiment 

was performed in triplicate for each time, 

and the count that represented the average 

was determined. 

 

Counting method: 

In the current study, the plate 

counting technique, also known as the 

spread plate, was employed to determine 

the number of actively dividing and 

growing cells in a sample. This approach 

depends on bacteria's capacity to establish 

a colony on a nutritional medium that is 

visible to the naked eye(21). 

The number of colonies on countable 

plates was counted (depending on the 

dilutions), and the colony forming unit 

was calculated by multiplying that number 

by the dilution factor(22). 

CFU/ml = no. of colony in plate × 

recorded dilution of the tube 

 

Statistical analysis: 

All the data of the samples have 

been collected and statistically analyzed 

by using SPSS software version 26. 

Statistical analyses were performed 

including median and standard deviation. 

Kruskall-Wallis H test, Mann-Whitney U 

tests and Pairwise comparison test were 

used for multiple comparisons. A value of 

P<0.05 was considered significant. 
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Result 
Table (2) showed the amount of 

streptococci mutans adhesion to four types 

of archwires in three different incubation 

time. Kruskall-wallis H test used for 

comparison bacterial adhesion among the 

archwires, which showed there was 

statistically significant difference in 

bacterial adhesion among the archwires 

types. To compare between each two types 

of archwires using pairwise comparison 

test that showed a significant difference 

between uncoated NiTi and Gold coated 

archwire in all time interval Table (3). 

Descrictive statistics Table (4) showed the 

amount of bacterial adhesion at different 

incubation time (5, 90 and 180) in 

different types of archwires. The result 

showed that the highest bacterial adhesion 

in 180 min followed by 90 min and the 

lowest in 5 min. kruskall-wallis H test 

used to compare the amount of bacterial 

adhesion among three time interval, which 

showed a significant difference with 

incubation time for all types of archwires. 

The result indicate that the longer 

incubation time significantly increase the 

bacterial adhesion in all types of archwires 

Fig (2). 

 

Discussion  

It is well-known that orthodontic 

archwires make teeth cleaning more 

difficult and increase the adhesion sites for 

oral pathogens like Streptococcus 

mutans(23). The colonization of 

cariogenic mutans streptococci has a 

significant role in the development of 

enamel demineralization associated with 

orthodontic appliances(24).  

Understanding how cariogenic 

streptococci develop and attach to 

orthodontic appliances will lead to more 

effective measures against enamel 

demineralization and white spot 

formation(25). 

Bacterial adhesion to a surface is a 

dynamic process that depends on 

numerous factors including the bacterial 

species and the surface of the material. 

Archwires used in orthodontic treatment 

can be made from a variety of metal 

alloys, have a range of mechanical 

characteristics and SR values, and even 

have the potential to be coated with 

specific substances to enhance their 

esthetic appearance while the patient is 

undergoing treatment(26). 

This research focused on the esthetic 

benefits of various archwire coatings that 

are currently being explored to enhance 

the qualities of dental materials, which are 

also seeing increased use in orthodontics. 

Due to the fact that there are more bacteria 

present during orthodontic treatment, the 

purpose of this study is to investigate the 

impact that esthetic coatings have on the 

total amount of bacteria that become 

deposited on orthodontic archwires. 

According to research, an increase in the 

number of bacteria can also have an effect 

on the characteristics of orthodontic 

archwires(27). 

According to the results of this 

investigation, there was a detectable 

variation in the amount of bacterial 

adherence that occurred with each surface 

coating, multiple comparisons revealed 

that the uncoated wires had higher 

streptococci mutans adhesion than esthetic 

coated wires with statistical significant 

difference when compared with gold 

coated wire in all time interval. It is 

reasonable to expect that the different 

surface properties for the various types of 

archwire will result in variable levels of 

bacterial adherence. Surface roughness 

and surface free energy are two surface 

properties that have an effect on the 

degree to which bacteria adhere to the 

surface of orthodontic material(28). 

The higher adhesion rates on uncoated 

wires might be attributed to the surface 

roughness of the archwire. The roughness 

of uncoated NiTi was found to be greater 

than that of coated NiTi in a study that 

was carried out by D'Antò, et al.(29) and 

Mousavi, et al.(30). 

Lee, et al. (11) assessed the surface 

properties of orthodontic materials and 

examined the impact of these properties on 

the adherence of Streptococcus mutans. 

According to their findings, an increase in 

surface roughness and surface energy is 

associated with a greater degree of 

absorption of Streptococcus mutans. The 

researchers reached the conclusion that the 

increase in surface area and retention sites 

linked to surface roughness results in 
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elevated plaque buildup. Additionally, 

they indicated that alterations in surface 

energy disrupt acid-alkaline and van der 

Waals interactions, which play a crucial 

role in the initial adhesion of bacteria 

which is consistent with the data obtained 

in this study. 

The grain re-crystallizations that take 

place as a result of pulling NiTi wires 

through diamond molds, which is one step 

in the manufacturing process, are the 

primary cause of this product's extremely 

rough surface(31). 

Rough surface offer chance for bacterial 

adherence by increasing the exposed 

surface area, producing appropriate 

bacterial adhesion and weakening bacterial 

colony displacement(32) 

The lower adhesion of bacteria on gold 

coated wire may be attributed to the 

reduced surface free energy exhibited by 

the gold coating. Materials with lower 

surface free energy exhibit reduced 

bacterial adhesion compared to those with 

higher surface free energy (28, 33). It has 

been found that during processing of gold-

plated archwires, uneven cooling at 

elevated temperatures can result in internal 

structural rearrangements accompanied by 

volume fluctuations. These changes 

induce internal stress, which in turn may 

give rise to cracks in the outer protective 

layer and accelerate corrosion, ultimately 

leading to an increase in surface roughness 

(34, 35). Study conducted by kim, et al. 

(36) on gold coated wire showed that the 

low surface free energy of this wire is 

responsible about the decrease of mutans 

streptococci on it. This suggests that the 

adherence of mutans streptococci is not 

only determined by surface roughness. It 

is widely recognized that alterations in 

surface roughness have a significant 

impact on the contact area, thereby leading 

to variations in surface free energy 

measurements. 

 

The amount of bacterial adherence on 

rhodium coated slightly lower than 

uncoated NiTi but statistically not 

significant. Which was in agreement with  

Asiry, et al.(37), and Oliveira, et al. (38) 

that showed rhodium coated and uncoated 

wires were categorized as medium 

roughness comparable with other types of 

archwire. This similarity in roughness may 

explain the absence of statistically 

significant differences in bacterial 

adhesion between these two materials, as 

observed in this investigation. This finding 

disagrees with the outcomes of a 

randomized clinical trial conducted by 

Lima et al. (32) that demonstrated the 

application of rhodium coating results in 

an increase of bacterial adhesion. 

Flexyblue-NiTi archwire was treated by 

oxidation under high temperature to 

enhance the properties that change the 

color of archwire to light blue. The oxide 

layer on the alloy’s surface becomes 

thicker and increase with increasing 

oxidation temperature and time(39). 

No previous study of this type of archwire 

regarding bacterial adhesion and from the 

result of current study found that no 

significant difference when compared with 

uncoated NiTi. 

Regarding the effect of incubation time, 

higher incubation time increased the 

number of bacterial adherence for all types 

of archwires; the number of adhesion was 

highest after 3 hours of incubation than 5 

and 90 minutes, this may be in agreement 

with the findings of Al-Lami and Al-

Sheakli(40)and Jasim, et al. (41) who 

discovered that a longer incubation time 

increases the bacterial adherence. 

 

Conclusion 
• Some esthetic surface coating 

archwires significantly decrease S. 

mutans adhesion compared to 

uncoated archwires. 

• Positive correlation was detected 

between incubation time and the 

amount of S. mutans adhesion. 
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Figure (1): treating the sample with trypsin/EDTA 

 

 

 
Figure (2) correlation between bacterial adhesion and incubation time 

 

 

 

Table (1): investigated orthodontic arch wires in the current study 

 

Name of arch wire Manufacturer 

Nickel-titanium alloy Orthometric company 

Flexyblue nickel-titanium Orthometric company 

Rhodium coated nickel-titanium IOS company 

Gold coated nickel-titanium IOS company 
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Table (2): Descriptive statistic and Comparison No. of adherent mutans streptococci in 

each time intervals on different type of archwire 

 

Time Group Descriptive statistic Groups’ comparison 

(kruskall-wallis H 

test) 

Mean Median SD Max Min 2X p-value 

5 min NiTi 24.3 22 4.93 30 21 9.4 0.024 

(S) Flexyblue 6.6 6 2.08 9 5 

Rhodium 6.6 6 3.05 10 4 

Gold 2.6 3 0.57 3 2 

90 min NiTi 91.6 93 6.11 97 85 9.6 0.022 

(S) Flexyblue 12.3 12 2.51 15 10 

Rhodium 22 25 9.84 30 11 

Gold 7.6 8 1.52 9 6 

180 min NiTi 141.6 138 9.07 152 135 9.8 0.020 

(S) Flexyblue 25.6 23 7.37 34 20 

Rhodium 33.3 34 3.05 36 30 

Gold 10.3 10 1.52 12 9 

 

Table (3): Comparisons between each two types of archwires using pairwise 

comparison. 

 

Time Groups Pairwise comparison 

5 min (NiTi-Flexyblue) 0.125 

(NiTi-Rhodium) 0.125 

(NiTi-Gold) 0.002                                                    

  (HS) 

(Flexyblue-Rhodium) 1.0 

(Flexyblue-Gold) 0.125 

(Rhodium-Gold) 0.125 

90 min (NiTi-Flexyblue) 0.07 

(Niti-Rhodium) 0.213 

(NiTi-Gold) 0.002                                                    

  (HS) 

(Flexyblue-Rhodium) 0.571 

(Flexyblue-Gold) 0.213 

(Rhodium-Gold) 0.07 

180 min (NiTi-Flexyblue) 0.061 

(NiTi-Rhodium) 0.234 

(NiTi-Gold) 0.002                                                    

 (HS) 

(Flexyblue-Rhodium) 0.496 

(Flexyblue-Gold) 0.234 

(Rhodium-Gold) 0.061 
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Table (4): Descriptive statistic and comparison No. of adherent mutans streptococci in 

each time intervals on different type of archwire 

 

Type of 

archwire 

Time Descriptive statistic Durations’ comparison 

Kruskall-

wallis H-test 

Pairwise comparison 

test 

Mean Median SD Max Min 2X p-value 5-90 5-

180 

90-

180 

NiTi 5 min 24.3 22 4.93 30 21 7.2 0.027 

(S) 

0.18 

(NS) 

0.00

7 

(S) 

0.18 

(NS) 90 min 91.6 93 6.11 97 85 

180 

min 

141.6 138 9.07 152 135 

Flexyblue 5 min 6.6 6 2.08 9 5 7.2 0.027 

(S) 

0.18

0 

(NS) 

0.00

7 

(S) 

0.180 

(NS) 90 min 12.3 12 2.51 15 10 

180 

min 

25.6 23 7.37 34 20 

Rhodium 5 min 6.6 6 3.05 10 4 6.8 0.032 

(S) 

0.15

5 

(NS) 

0.00

9 

(S) 

0.231 

(NS) 90 min 22 25 9.84 30 11 

180 

min 

33.3 34 3.05 36 30 

Gold 5 min 2.6 3 0.57 3 2 6.9 0.031 

(S) 

0.15

3 

(NS) 

0.00

9 

(S) 

0.229 

(NS) 90 

min 

7.6 8 1.52 9 6 

180 

min 

10.3 10 1.52 12 9 

 

 

 

References 
1. Chun M-J, Shim E, Kho E-H, Park K-J, 

Jung J, Kim J-M, et al. Surface modification of 

orthodontic wires with photocatalytic titanium oxide 

for its antiadherent and antibacterial properties. 

2007;77(3):483-8. 

2. Ghasemi T, Arash V, Rabiee SM, 

Rajabnia R, Pourzare A, Rakhshan VJMR, et al. 

Antimicrobial effect, frictional resistance, and 

surface roughness of stainless steel orthodontic 

brackets coated with nanofilms of silver and 

titanium oxide: a preliminary study. 

2017;80(6):599-607. 

3. Gravina MA, Canavarro C, Elias CN, 

Chaves MdGAM, Brunharo IHVP, Quintão 

CCAJDPJoO. Mechanical properties of NiTi and 

CuNiTi wires used in orthodontic treatment. Part 2: 

Microscopic surface appraisal and metallurgical 

characteristics. 2014;19:69-76. 

4. Gurgel JdA, Kerr S, Powers JM, LeCrone 

VJAJoO, Orthopedics D. Force-deflection 

properties of superelastic nickel-titanium archwires. 

2001;120(4):378-82. 

5. Imaia T, Watarib F, Yamagatac S, 

Kobayashid M, Nagayamae K, Nakamuraf SJAjoo, 

et al. Effects of water immersion on mechanical 

properties of new esthetic orthodontic wire. 

1999;116(5):533-8. 

6. Da Silva DL, Mattos CT, De Araújo 

MVA, de Oliveira Ruellas ACJTAO. Color stability 

and fluorescence of different orthodontic esthetic 

archwires. 2013;83(1):127-32. 

7. Haryani J, Ranabhatt RJJoDM, 

Techniques. Contemporary Esthetic Orthodontic 

Archwires-A Review. 2016;5(3). 

8. Russell JJJoO. Current products and 

practice: aesthetic orthodontic brackets. 

2005;32(2):146-63. 

9. Derks A, Katsaros C, Frencken JE, van't 

Hof MA, Kuijpers-Jagtman AM. Caries-inhibiting 

effect of preventive measures during orthodontic 

treatment with fixed appliances. A systematic 

review. Caries research. 2004;38(5):413-20. 

10. Tanner A, Sonis A, Lif Holgerson P, Starr 

J, Nunez Y, Kressirer C, et al. White-spot lesions 

and gingivitis microbiotas in orthodontic patients. 

2012;91(9):853-8. 

11. Lee S-P, Lee S-J, Lim B-S, Ahn S-

JJTAO. Surface characteristics of orthodontic 

materials and their effects on adhesion of mutans 

streptococci. 2009;79(2):353-60. 

12. An YH, Friedman RJJJobmr. Concise 

review of mechanisms of bacterial adhesion to 

biomaterial surfaces. 1998;43(3):338-48. 

13. Mei L, Busscher HJ, van der Mei HC, 

Ren YJDm. Influence of surface roughness on 



Assessment of Mutans Streptococci ….12(1) (2024) 69-77                                                                

77 

 

streptococcal adhesion forces to composite resins. 

2011;27(8):770-8. 

14. Shamohammadi M, Hormozi E, 

Moradinezhad M, Moradi M, Skini M, Rakhshan 

VJIO. Surface topography of plain nickel-titanium 

(NiTi), as-received aesthetic (coated) NiTi, and 

aesthetic NiTi archwires sterilized by autoclaving or 

glutaraldehyde immersion: A 

profilometry/SEM/AFM study. 2019;17(1):60-72. 

15. Thylstrup A, Fejerskov O, editors. 

Textbook of Clinical Cariology1994. 

16. Holbrook W, Beighton DJEJoOS. 

Streptococcus mutans levels in saliva and 

distribution of serotypes among 9‐year‐old Icelandic 

children. 1987;95(1):37-42. 

17. Slots JJCom, immunology. Microbiology 

of periodontal disease. SLOTS. 1992:425-43. 

18. Ahn S-J, Lim B-S, Lee Y-K, Nahm D-

SJTAO. Quantitative determination of adhesion 

patterns of cariogenic streptococci to various 

orthodontic adhesives. 2006;76(5):869-75. 

19. Lim B-S, Lee S-J, Lee J-W, Ahn S-

JJAJoO, Orthopedics D. Quantitative analysis of 

adhesion of cariogenic streptococci to orthodontic 

raw materials. 2008;133(6):882-8. 

20. Papaioannou W, Gizani S, Nassika M, 

Kontou E, Nakou MJTAO. Adhesion of 

Streptococcus mutans to different types of brackets. 

2007;77(6):1090-5. 

21. Harley J, Prescott LJLEiM, 5th Ed. New 

York, NY. Nitrate Reduction. 2002. 

22. Stachura DL, Traver DJMicb. Cellular 

dissection of zebrafish hematopoiesis. 2011;101:75-

110. 

23. Liu X, Peng L, Meng J, Zhu Z, Han B, 

Wang SJN. Protein-mediated anti-adhesion surface 

against oral bacteria. 2018;10(6):2711-4. 

24. Richter AE, Arruda AO, Peters MC, Sohn 

WJAJoO, Orthopedics D. Incidence of caries 

lesions among patients treated with comprehensive 

orthodontics. 2011;139(5):657-64. 

25. Saloom HF, Mohammed-Salih HS, 

Rasheed SFJJoc, dentistry e. The influence of 

different types of fixed orthodontic appliance on the 

growth and adherence of microorganisms (in vitro 

study). 2013;5(1):e36. 

26. Bącela J, Łabowska MB, Detyna J, Zięty 

A, Michalak IJM. Functional coatings for 

orthodontic archwires—A review. 

2020;13(15):3257. 

27. Kameda T, Oda H, Ohkuma K, Sano N, 

Batbayar N, Terashima Y, et al. Microbiologically 

influenced corrosion of orthodontic metallic 

appliances. 2014;33(2):187-95. 

28. Quirynen M, Bollen CJJocp. The 

influence of surface roughness and surface‐free 

energy on supra‐and subgingival plaque formation 

in man: A review of the literature. 1995;22(1):1-14. 

29. D'Antò V, Rongo R, Ametrano G, 

Spagnuolo G, Manzo P, Martina R, et al. Evaluation 

of surface roughness of orthodontic wires by means 

of atomic force microscopy. 2012;82(5):922-8. 

30. Mousavi SM, Shamohammadi M, 

Rastegaar Z, Skini M, Rakhshan VJIO. Effet du 

revêtement esthétique sur la rugosité de surface des 

fils orthodontiques. 2017;15(3):312-21. 

31. Eliades T, Athanasiou AEJTAO. In vivo 

aging of orthodontic alloys: implications for 

corrosion potential, nickel release, and 

biocompatibility. 2002;72(3):222-37. 

32. Lima KCC, Paschoal MAB, de Araújo 

Gurgel J, Freitas KMS, Pinzan-Vercelino 

CRMJAJoO, Orthopedics D. Comparative analysis 

of microorganism adhesion on coated, partially 

coated, and uncoated orthodontic archwires: a 

prospective clinical study. 2019;156(5):611-6. 

33. Abraham KS, Jagdish N, Kailasam V, 

Padmanabhan SJTAO. Streptococcus mutans 

adhesion on nickel titanium (NiTi) and copper-NiTi 

archwires: A comparative prospective clinical study. 

2017;87(3):448-54. 

34. Charng T, Lansing FJTpr. Review of 

corrosion causes and corrosion control in a technical 

facility. 1982;42(69):145-56. 

35. Garma NM, Hussien HM, Nahidh 

MJWJoD. Effect of Mouthwashes on Frictional 

Properties of Gold-plated and Ordinary Stainless 

Steel Orthodontic Brackets. 2019;9(6):489-94. 

36. Kim I-H, Park H-S, Kim YK, Kim K-H, 

Kwon T-YJAO. Comparative short-term in vitro 

analysis of mutans streptococci adhesion on 

esthetic, nickel-titanium, and stainless-steel arch 

wires. 2014;84(4):680-6. 

37. Asiry MA, AlShahrani I, Almoammar S, 

Durgesh BH, Al Kheraif AA, Hashem MIJMRE. 

Influence of epoxy, polytetrafluoroethylene (PTFE) 

and rhodium surface coatings on surface roughness, 

nano-mechanical properties and biofilm adhesion of 

nickel titanium (Ni-Ti) archwires. 

2018;5(2):026511. 

38. Oliveira DC, Thomson JJ, Alhabeil JA, 

Toma JM, Plecha SC, Pacheco RR, et al. In vitro 

Streptococcus mutans adhesion and biofilm 

formation on different esthetic orthodontic 

archwires. 2021;91(6):786-93. 

39. Bazochaharbakhsh E. Surface nitriding 

and oxidation of nitinol: San Jose State University; 

2011. 

40. Al-Lami AA, Al-Sheakli IIJJoBCoD. 

Quantitative assessment of Mutans Streptococci 

adhesion to coated and uncoated orthodontic 

archwires (In vitro study). 2014;26(4):156-62. 

41. Jasim HM, Al-Dabagh DA, Mahmood 

MAJJoBCoD. Effect of different bracket types on 

streptococcus mutans count in orthodontic patients 

using fluoridated toothpaste. 2020;32(2):1-4. 

 

 

 

 


