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Abstract
The purpose of this study was to evaluate the chemical, morphological and bacterial adhesion characteristics of orthodontic arches composed of
different metal alloys. The wire segments (n=10) were allocated to the following groups: G1) Tru-Chrome- Rock Mountain Steel Wire (Colorado-
USA); G2) NiTi- Rock Mountain Wire (Colorado-USA); G3) TiMb Rock Mountain Wire (Colored-USA); G4) NbTi Gummetal- Rock Mountain Wire
(Colorado-USA). The orthodontic arches were segmented (20mm) and sterilized by means of ultraviolet light. Using Confocal Laser Microscopy
(CLM), the roughness of archwires were investigated. The metallic alloys composition was analyzed by means of Scanning Electron
Microscopy/Energy-dispersive Spectroscopy (SEM/EDS). The S. mutans biofilm growth was performed on the arches and analyzed by means of
SEM and Spectrophotometry. Surface roughness and Spectrophotometry data were submitted to one-way ANOVA, followed by Tukey's test
(a=0.05) and SEM/EDS data obtained by exploratory analysis. The NbTi arches showed higher surface roughness when compared to the other
groups, followed by the NiTi and TiMb arches and the steel arches group (p<0.05). It was observed a lower adherence of S. mutans biofilm in
steel arches when compared to the other groups. The absorbance results showed higher biofilm formation for the NbTi group, followed by Steel,
NiTi and TiMb. (p<0.05). The results of EDS confirm the compositions proposed by the manufacturer. It was concluded that the alloy type in
orthodontic arches has an effect on surface roughness. The chemical and morphological characteristics of the arches are related to the adhesion
of S. mutans biofilm.
Descriptors: Alloys; Orthodontics; Streptococcus mutans; Wire.
Resumo
O objetivo deste estudo foi avaliar as caracteristicas quimicas, morfolégicas e de adesdo bacteriana de arcos ortodonticos compostos por
diferentes ligas metdlicas. Os segmentos de fio (n=10) foram alocados nos seguintes grupos: G1) Fio de Aco Tru-Chrome Rock Mountain
(Colorado-EUA); G2) Fio de NiTi Rock Mountain (Colorado-EUA); G3) Fio de TiMb Rock Mountain (Colorado-EUA); G4) Fio de NbTi Gummetal
Rock Mountain (Colorado-EUA). Os arcos ortoddnticos foram segmentados (20mm) e esterilizados por meio de luz ultravioleta. Utilizando a
Microscopia Confocal a Laser (CLM), a rugosidade dos arcos foi investigada. A composi¢éo das ligas metalicas foi analisada por Microscopia
Eletronica de Varredura/Espectroscopia de Energia Dispersiva (SEM/EDS). O crescimento do biofilme de S. mutans foi realizado nos arcos e
analisado por meio de SEM e espectrofotometria. Os dados de rugosidade superficial e espectrofotometria foram submetidos a ANOVA unifatorial,
seguida pelo teste de Tukey (0=0,05) e os dados de SEM/EDS foram obtidos por meio de analise exploratdria. Os arcos NbTi apresentaram
maior rugosidade superficial em comparagdo com os outros grupos, seguidos pelos arcos NiTi e TiMb e pelo grupo de arcos de ago (p<0,05).
Foi observada uma menor aderéncia do biofilme de S. mutans nos arcos de aco em comparacdo com 0s outros grupos. Os resultados de
absorvancia mostraram uma maior formacgao de biofilme para o grupo NbTi, seguido por A¢o, NiTi e TiMb (p<0,05). Os resultados de EDS
confirmam as composi¢des propostas pelo fabricante. Concluiu-se que o tipo de liga em arcos ortodonticos tem um efeito na rugosidade
superficial. As caracteristicas quimicas e morfolégicas dos arcos estéo relacionadas com a adeséo do biofiime de S. mutans.
Descritores: Ligas; Ortodontia; Streptococcus mutans; Fio.
Resumen
El proposito de este estudio fue evaluar las caracteristicas quimicas, morfolégicas y de adhesion bacteriana de los arcos ortodénticos compuestos
por diferentes aleaciones metalicas.: Los segmentos de alambre (n=10) se asignaron a los siguientes grupos: G1) Tru-Chrome- Rock Mountain
Steel Wire (Colordo-EE. UU.); G2) NiTi- Rock Mountain Wire (Colorado-EE. UU.); G3) TiMb Rock Mountain Wire (Colorado-EE. UU.); G4) NbTi
Gummetal- Rock Mountain Wire (Colorado-EE. UU.). Los arcos ortodonticos se segmentaron (20 mm) y se esterilizaron mediante luz ultravioleta.
Utilizando la Microscopia Confocal de Laser (CLM), se investigo la rugosidad de los arcos. La composicion de las aleaciones metélicas se analizé
mediante Microscopia Electrénica de Barrido/Espectroscopia de Dispersion de Energia (SEM/EDS). Se realiz6 el crecimiento del biofilm de S.
mutans en los arcos y se analiz6 mediante SEM y espectrofotometria. Los datos de rugosidad superficial y espectrofotometria se sometieron a
un ANOVA de una via, seguido por la prueba de Tukey (a=0.05) y los datos de SEM/EDS se obtuvieron mediante analisis exploratorio. Los arcos
NbTi mostraron una mayor rugosidad superficial en comparacién con los otros grupos, seguidos por los arcos NiTiy TiMb y el grupo de arcos de
acero (p<0.05). Se observé una menor adherencia del biofilm de S. mutans en los arcos de acero en comparacion con los otros grupos. Los
resultados de absorbancia mostraron una mayor formacién de biofilm para el grupo NbTi, seguido por Acero, NiTiy TiMb (p<0.05). Los resultados
de EDS confirman las composiciones propuestas por el fabricante. Se concluy6 que el tipo de aleacién en los arcos ortodénticos tiene un efecto
en la rugosidad superficial. Las caracteristicas quimicas y morfolégicas de los arcos estan relacionadas con la adhesién del biofilm de S. mutans.
Descriptores: Aleaciones; Ortodoncia; Streptococcus mutans; Alambre.

INTRODUCTION mobile orthodontic devices are used in order to
In orthodontic therapy, several fixed and position the teeth and bone structures correctly,
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providing the patient with adequate functionality and
aesthetics'®. The great challenge found in the use
of these devices is that their presence in the oral
cavity provides retentive areas, which associated
with predisposing factors such as diet, poor
sanitation and psychosocial factors, can induce
greater retention of dental biofilm. This fact can
generate a drop in the pH level, causing the
appearance of white spots that would culminate in
the beginning of the process of caries disease®’. as
well as contributing significantly to gum
inflammation®®.

Within this context, white spot lesions are a
major concern for orthodontists, as these tooth
enamel demineralization may be irreversible!01t,
Studies show that efficient oral mechanical hygiene,
dental flossing and the frequent use of oral
antiseptics are essential for the control of biofilm in
patients  during  orthodontic  treatment!?16,
Orthodontic archwires are present throughout the
orthodontic  treatment  period contributing
significantly to the demineralization of the enamel of
teeth, making it difficult to have proper access to
hygienel117.18,

Studies have been conducted in the last
decades in the biomedical area, where titanium,
niobium and zirconium alloys have a great
relevance for metallic biomaterials, due to their high
biocompatibility*”18. Among the metallic particles,
Niobium stands out, which has been studied in
different areas such as the manufacture of metallic
alloys, electronic ceramics and catalysts'®.
Niobium oxide (Nb2Os) has been used on the
surface of dental implants increasing its
osseointegration capacity due to its excellent
biocompatibility°. This particle has been
incorporated into an adhesive, incorporating
bioglass and niobium phosphate, which has shown
the potential of this particle to inhibit the growth of
Streptococcus mutans, preventing the formation of
white spot lesions'415,

Another type of relevant alloy within the wire
study is steel, which is widely used in orthodontics.
Austenitic type steel, due to the presence of ferro-
nickel-chromium alloys in its composition, has
become very popular in orthodontics due to its low
cost and excellent mechanical properties such as
good conformability, biocompatibility, ductility, and
resistance to corrosion?:22, There are reports in the
literature that stainless steel containing copper and
niobium, showed a significant decrease in biofilm
proliferation and planktonic growth in heat
treatment, being indicated for use in hospital
appliances and domestic utensils?3.

Among these different particles, NiTi is
considered the pioneering landmark of changes in
orthodontic materials, awakening significant
interest in biomechanical applications. Among its
main features, the shape memory effect has an
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important clinical relevance and is used in the early
stages of orthodontic movement. But it also has
biocompatibility, and at reduced temperature gives
greater elasticity?*. One of its main disadvantages
is the presence of Nickel, patients allergic to this
metal and its limited formability2°.

And finally, titanium and molybdenum-
based beta-titanium alloys have been widely used
in orthodontic practice. It has a lower rate of load
deflection when compared to other metals and good
conformability. As it does not contain nickel in its
composition, this is an option for orthodontic
treatment for sensitive patients allergic to this
metal?.

Biomaterials industry has sought to modify
the surfaces of these materials, in an attempt to
improve their mechanical and chemical properties,
aiming to increase biocompatibility, reduce
corrosion and thereby promote characteristics that
are beneficial to the biological balance of the
patient's oral environment?%27,  Given the above,
and the clinical relevance of the types of alloys of
choice within orthodontic therapy, the purpose of
this study was to evaluate the chemical and
morphological characteristics and  bacterial
adhesion of orthodontic arches composed of
different metal alloys. The null hypotheses of this
study were: 1) Orthodontic arches composed of
different metallic alloys do not present different
values of surface roughness; 2) Arches composed
of different alloys do not present a difference in
bacterial adhesion on their surface.

MATERIAL AND METHOD

o Experimental Design

The sample size was calculated in the G
Power* program (Dusseldorf, Germany),
considering the 5% significance level the effect size
greater than 0.48. With this, the segments (n=10)
were allocated to the following groups: 1) Tru-
Chrome- Rock Mountain steel wire (Colorado-
USA); G2) NiTi- Rock Mountain wire (Colorado-
USA); G3) Bendaloy TMA Rock Mountain wire
(Colorado-USA); 4) NbTi Gummetal- Rock
Mountain wire (Colorado- USA). The orthodontic
arches were segmented (20mm) and sterilized by
means of ultraviolet light. After the growth of biofilm
on the arches, qualitative and quantitative analysis
of biofilm, Scanning Electron Microscopy/Energy-
dispersive Spectroscopy (SEM/EDS) and Surface
Roughness by means of Confocal Laser Scanning
Microscopy (CLSM) were performed.
o Wire cutting

Each arc was sectioned with a cutter in the
distal coated portion of 20 mm of wire length. After
the cut, two samples were obtained from each arch.
The cut was performed with the aid of an
orthodontic cutter.
o Surface Roughness Analysis
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The Confocal Laser Microscope (LEXT
OLS4000®, Olympus, Tokyo, Japan) coupled with
the OLS4000 software (Olympus, Japan) was used
to analyze the surface roughness of orthodontic
archwires. The roughness of the archwire surfaces
(n=10) were analyzed at um, with an area of
approximately 0.5 mm?2. Three measurements were
performed in different regions in the same
specimen, considering the mean as the roughness
value of the specimen.

o Scanning Electron
Dispersive Spectroscopy
The morphological analysis of the arc surfaces was
performed in a scanning electron microscope (JSM
5600 LV; JEOL, Tokyo, Japan) at a voltage
acceleration of 15 kV by a single calibrated
operator. Energy-dispersive Spectroscopy (EDS)
analysis was also performed identifying the
qualitative chemical composition of the arcs. For the
EDS analysis, the coating was performed with
carbon.

o Biofilm Quantitative Analysis of adhered
microorganisms

The strain of Streptococcus mutans used for the
biofilm assay was UA159 (isolated from children
with caries — ATCC). For all experiments, strains
were inoculated from frozen stocks (at -700C) in
Petri dishes containing BHI agar and incubated for
24-30 h at 370C in a 10% CO; atmosphere. After
this period, some colonies were collected and
transferred to test tubes with 5 ml of BHI medium
and incubated under the same conditions as above.
To analyze the formation of mature biofilm, after 18
hours, assays were performed in 96-well
polystyrene plates with flat bottom of the brand
(Global Plast). Stems were made from each
material and sterilized using UV light Stems were
made from each material and sterilized using UV
light for 30 min (15min/side) with intensity of 30
W/mZ2. They were transferred in quadruplicate to the
plate wells where 200uL of UA159 strain culture in
exponential phase was inoculated (A550nm 0.3)
and diluted 1:10 in BHI supplemented with 1%
sucrose. The plates were incubated (37°C) in
aerobiosis under agitation (Nova Instrument-
Thermo-shaker plate shaker, 240 rpm) for 18 h.
After this process, the supernatant was removed
and the plates were washed three times with
distilled water to remove cells that were weakly
adhered, and the biofilms were stained with 200uL
of 1% aqueous crystal violet solution for thirty
minutes and again washed three times and dried at
room temperature for 20 min. Using absolute
ethanol in a volume of 200uL, the dye adhered to
the biofilms was then solubilized for 30 minutes and
then transferred to a new 96-well plate with a
volume of 100uL and its absorbance (A575nm) was
determined in an ELISA reader (Versa MAX,
molecular devices, USA). Absorbance measures

Microscopy/Energy-
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were expressed as indirect measures of biofilm
biomass. Two independent experiments were
carried out.
o Biofilm formation on the wires

In order to analyze the initial formation (4
hours) of S. mutans Biofilm under the material, an
electronic scanning microscope was used, following
the protocol of previous study?® with some
modifications. A sample of each material was
placed in a 24-well plate together with 1.5 mL of BHI
medium plus 1% sucrose. The media were then
inoculated with cultures of the strains in half of the
exponential growth phase adjusted to the same
absorbance (A550nm of 0.03) and the plates
incubated at 37°C for 4 hours in aerobiose by
agitation (Nova Instrument-Thermo-shaker plate
agitator; agitation at 250 rpm). After incubation, the
culture medium was removed with sterile
micropipettes, and the laminules were washed with
1.5 mL of 0.9% saline solution (NaCl 0.9%) during
15 min. of stirring (MicroPlates Agitator - MA 562,
Marconi Equipamentos, Brazil). The washing
procedure was repeated for two more times. Then,
the laminules were treated with 800 pL of 2.5%
glutaraldehyde solution (Sigma- Aldrich) for 30 min,
at room temperature. The specimens were then
dehydrated by incubation with ethanol solutions in
increasing concentrations from 50% to 100% (15
min. incubation for each solution). After
dehydration, the samples dried at room temperature
and mounted in stubs, to be metallized with gold
and analyzed under the microscope JSM 5600 LV
(JEOL, Tokyo, Japan) scanning electron
microscope. Representative images of the
specimens were obtained under a 1,000X
magnification. The experiments were performed in
duplicate?®.
o Statistical Analysis

The statistical analysis was performed
through the R (R Core Team-2018) program. R. A
language and environment for statistical computing.
R Foundation for Statistical Computing, Vienna,
Austria). The data regarding surface roughness and
absorbance were evaluated by the normality and
heterogeneity test. The ANOVA (one-way) and
Tukey's post-test were used for data normality. The
significance level of a=0.05 was adopted. The
analysis of MEV/EDS photomicrographs was
obtained through exploratory analysis of the
images.

RESULTS

For the surface roughness analysis of the
segments of orthodontic arches it was observed
that the steel arches had lower mean surface
roughness compared to the other groups
(p=0.0221). The TiMb and NiTi groups presented
lower mean values when compared to NbTi,
which presented the highest surface roughness
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value (p=0.0349). Means followed by different
letters differ significantly from each other (p<0.05)
(Table 1).

Figure 1 shows the surface of the threads
with different alloy compositions, which are
homogeneous within their composition
characteristics. Figure 1 also shows the Dispersive
Energy Spectroscopy graphs, where the presence
of ions was observed and proven, which were
reported in its manufacturing process. The steel arc
presented the presence of Fe, Ni, Cr ions, being its
predominance in Fe. The other alloys presented a
higher presence of Ti accompanied by a lower
concentration of the other proposed ions.

Table 1. Mean (Standard Deviation) of the Surface Roughness of
orthodontic archwires.

Groups pm
Steel 0.45 (0.04)a
TiMb 0.85 (0.16)b
NiTi 0.75 (0.08)b
NbTi 1.26 (0.14)c

Significance level = a=0.05

Steel

NbTi

NiTi

Figure 1: Micrographs and Graphs of Energy Dispersive
Spectroscopy of orthodontic archwires by Scanning Electronic
Microscopy. Steel, NbTi, NiTi, TiMb

Figure 2: Micrographs of orthodontic archwires after formation of
bacterial biofilm by scanning electron microscopy.

Based on Figure 2 it could be observed that
steel archwires have lower adhesion of streptococci
mutans biofilm when compared to the other alloys
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analyzed. NbTi and NiTi alloys present qualitatively
higher adherence and biofilm structure when
compared to TiMb arc.

Figure 3 shows the absorbance values,
where higher values of cellular metabolism could be
observed for the NbTi group, compared to the other
experimental groups (p=0.0232). The Steel and
NiTi groups presented higher mean absorption
values compared to the TiMb group (p=0.0315).
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Figure 3: Graph with mean absorbance values of 24h
Streptococcus Mutans Biofilm Formation. Means followed by
different letters differ significantly from each other (p <0,05).

DISCUSSION

Currently, through research in the
metallurgical field and the advancement of science
in orthodontics, several types of metal alloys have
been developed, expanding the variety of archwires
and orthodontic mechanics. This fact brings new
therapeutic approaches and also aims to remedy
some difficulties encountered in the use of fixed
aparatology, such as friction and the accumulation
of biofilm, which can cause the dissolution of
adjacent enamel?’.

One of the aspects evaluated in this study
was the surface roughness of arches with different
compositions. Based on the results, the steel wire
presented lower roughness in relation to the group
of archwires containing titanium in its composition,
thus being the first hypothesis null rejected. Within
the groups that contain titanium in its composition,
lower roughness values were observed for the NiTi
and TiMb groups when compared to NbTi,
archwires generate the effectiveness of tooth
movement during orthodontic treatment and the
greater their roughness, the greater the friction
force, reducing by 50% or more the orthodontic
force, decreasing the quality of movement and
increasing treatment time?8,

The archwires obtain their final shape
through the drawing process, which may cause
scratch marks on the surface of their alloys,
influencing the various types of material properties,
such as biological responses®?. The roughness of
the archwires is related to the capacity of resistance
to corrosion, the machining process and the quality
of the surface finish. Steel archwires have
resistance to corrosion, ductility and thermal
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resistance and their machining process is done by
electrical discharge, giving low surface roughness
of materials composed of this alloy. Titanium
composite archwires, on the other hand, undergo a
process of adhesion manufacturing and cold
welding, and this fact provides greater roughness to
dies or rolls during wire processing?®2°.

Studies report that metal alloys containing
copper, silver, have an efficient antimicrobial
potential, preventing the adhesion and growth of
bacteria, restricting the formation of biofilm?2%.30.31,
This modification in the surface of the archwires
leads to the prevention of the development of a
structured biofilm and it can be a mechanism for the
prevention of possible appearance of white spot
lesions to the dental tissue during orthodontic
treatment!!. In addition, intraoral exposure of the
archwires alters the microstructural aspects and
chemical composition of the arches, where
acidogenic bacteria alter the capacity of corrosion
of the archwire, altering the surface properties of
this archwire, making it more irregular and rough®2.

In the present study, the steel archwire had
the lowest roughness due to its topography of
longitudinal grooves, shallow pores, and small
elevations in the surfaces, which can be attributed
to the manufacturing process, such as the
manufacturing technique and different surface
treatments3334, However, when the amount of
biofilm was analyzed, it presented intermediate
values, and the second hypothesis was rejected.
These values can be justified by the free energy of
the surface and the physical-chemical properties,
that after the washing with PBS of the pioneer
planktonic cells, the non-adherent cells went to the
medium, where a level of absorbance was
measured, when compared to the other tested
archwires®3. The amount of biofilm present for the
NbTi arches showed higher values when compared
to other groups, once this alloy promotes greater
adhesion and bacterial proliferation3*.

Also in this study, different characteristics
and compositions of orthodontic arches were
evaluated, as demonstrated above in the graph of
dispersive energy spectroscopy. It was observed
that steel archwires have approximately 8% to 12%
nickel, 17% to 12% chromium and varying
proportions of manganese, titanium, iron and
copper. Due to the presence of chromium, this
archwire has resistance to corrosion, also
presenting high stiffness, which allows bending, and
has a lower coefficient of friction resulting in low
friction, being widely used in sliding mechanics for
closing spaces and in the final phase of treatment®°,

In this sense, the NiTi archwires presented
in this study are composed of 55% Niquel, 45%
Titanium and 1.6% cobalt. They have properties
such as high flexibility, shape memory and low
modulus of elasticity, compared to steel
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archwires®2. This low load/deflection property is
very favorable in the initial phase of orthodontic
treatment, always maintaining a smooth and
continuous strength, but it does not present
formability=°.

Another group of archwires studied was
TMA (Titanium-Molybdenum) which has in its
composition 79% Titanium, 11% Molybdenum, 6%
Zirconium, 4% Tin, having as characteristics, high
formability, high elastic recovery, 50% of the rigidity
of the steel archwire, twice its resilience, high
coefficient of friction and higher friction®.

However, an alloy recently studied and
developed for biomedical applications, gummetal,
composed of Ti-29Nb-13Ta-4.6Zr, does not contain
heavy metal (copper), can be used by patients
allergic to nickel for not presenting this component
in its composition, and its modulus of elasticity is
very low (high flexibility). Normally this
characteristic in a metallic alloy prevents it from
receiving bending, but the gummetal presents high
formability. Its rigidity is 20% lower than TMA, 70%
lower than SS and 50% lower than NiTi, it has low
Young modulus (malleable), which would leave it
with low resistance, but instead this alloy has high
resistance. It does not present hysteresis, therefore,
the applied force takes longer to decrease. With
this, the activation remains for longer, maximizing
the activations, lower coefficient of friction
facilitating the dental movement and accepting
electric welding, facilitating the placement of
accessories®. All these features are very relevant
for the application of orthodontic mechanics and
especially in Geaw mechanics (Gummetal
edgewise archwire), with intrusion movements and
verticalization of the posterior region for correction
of occlusal inclination through activations that
require light and constant force and torque control3®>
CONCLUSION

Within the context of chemical and
morphological aspects of orthodontic wires with
different metallic alloys and their relationship with
biofilm adhesion, it can be concluded that the type
of alloy of orthodontic wires influences surface
roughness. The chemical and morphological
characteristics of the threads are related to
adhesion on their surface.

REFERENCES

1. Millett DT, Mandall NA, Mattick RC, Hickman J,
Glenny AM. Adhesives for bonded molar tubes
during fixed brace treatment. Cochrane Database
Syst Rev. 2017;23(2):CD008236.

2. Eliades T. Orthodontic material applications over
the past century: Evolution of research methods to
address clinical queries. Am J Orthod Dentofacial
Orthop. 2015;147(5):224231.

3. McLaughlina RP,Bennett. JC Evolution of
treatment mechanics and contemporary appliance

Arch Health Invest 12(9) 2023



Arch Health Invest (2023)12(9):1962-1968
http://doi.org/10.21270/archi.v12i9.6256

10.

11.

12.

13.

14.

15.

design in orthodontics: A 40-year perspective, Am
J Orthod Dentofacial Orthop. 2015;147:654-62.
Philippe J. La naissance de I'Edgewise ou le
dernier et le meilleur mécanisme d’Angle, Orthod.
2016;87:347-351. French.

Abbate GM, Caria MP, Montanari P, Mannu C,
Orru G, Caprioglio A, Levrini L. Periodontal health
in teenagers treated with removable aligners and
fixed orthodontic appliances, J Orofac Orthop.
2015;76(3):240-50.

Dos Santos AA, Pithon MM, Carlo FG, Carlo HL,
de Lima BA, Dos Passos TA, Lacerda-Santos R.
Effect of time and pH on physical-chemical
properties of orthodontic brackets and wires. Angle
Orthod. 2015;85(2):298-304

Fatani EJ, Almutairi HH, Alharbi AO, Alnakhli YO,
Divakar DD, Muzaheed, et all. In vitro assessment
of stainless steel orthodontic brackets coated with
titanium oxide mixed Ag for anti-adherent and
antibacterial properties against Streptococcus
mutans and Porphyromonas gingivalis. Microbial
Pathogenesis Microb Pathog. 2017;112:190-194.
Al-Anezi AS. The effect of orthodontic bands or
tubes upon periodontal status during the initial
phase of orthodontic treatment. Saudi Dent J.
2015;27(3):120- 4.

Martha K, Lérinczi L, Bica C, Gyergyay R, Petcu B,
Lazar L. Assessment of Periodontopathogens in
Subgingival Biofilm of Banded and Bonded Molars
in Early Phase of Fixed Orthodontic Treatment.
Acta Microbiol Immunol Hung. 2016;63(1):103-13.
Chin MYH, Busscher HJ, Evans R, Noar J, Pratten
J Early biofilm formation and the effects of
antimicrobial agents on orthodontic bonding
materials in a parallel plate flow chambre, Eur J
Orthod. 2006;28(1):1-7.

Mhaske AR, Shetty PC, Bhat NS, Ramachandra
CS, Laxmikanth SM, Nagarahalli K, et al.
Antiadherent and antibacterial properties of
stainless steel and NiTi orthodonic wires coated
with silver against Lactobacillus acidophilus—an in
vitro study. Prog Orthod. 2015:16:40

Dias AP, Paschoal MAB, Diniz RS, Lage LM,
Gongalves LM.  Antimicrobial  action  of
chlorhexidine digluconate in self-ligating and
conventional metal  bracketsinfected  with
Streptococcus mutans biofilm, Clin Cosmet
Investig Dent. 2018:10 69-74.

Altmann AS, Collares FM, Leitune VC, Arthur RA,
Takimi AS, Samuel SM, In vitro antibacterial and
remineralizing effect of adhesive containing
triazine and niobium pentoxide phosphate inverted
glass, Clin Oral Invest. 2017;21(1):93-103.
Heymnn GC, Grauer D, A Contemporary review of
white spot lesions in orthodontics. J Esthet Restor
Dent. 2013;25(2):85-95.

Korkmaz YN, Yagci A, Comparing the effects of
three different fluoride-releasing agents on white
spot lesion preventionin patients treated with full
coverage rapid maxillary expanders, Clin Oral
Investig. 2019;23(8):3275-285.

1967

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

© 2023 - ISSN 2317-3009

Alavi S,Yaraghi N, The effect of fluoride varnish
and chlorhexidine gel on white spots and gingival
and plaque indices in fixed orthodontic patients: A
placebo- controlled study, Dent Res J (Isfahan).
2018;15(4):276-82.

Murakami T, lijima M, Muguruma T, Yano F,
Kawashima |, Mizoguchi I. High- cycle fatigue
behavior of beta-titanium orthodontic wires. Dent
Mater J. 2015;34(2):189-95.

Biesiekierski A, Lin J, Munir K, Ozan S, Li Y, Wen
C. An investigation of the mechanical and
microstructural evolution of a TiNbZr alloy with
varied ageing time. Sci Rep. 2018;8(1):5737.
Degrazia FW, Altmann ASP, Ferreira CJ, Arthur
RA, Leitune VCB, Samuel SMW et al. Evaluation
of an antibacterial orthodontic adhesive
incorporated with niobium-based bioglass: an in
situ study. Braz Oral Res. 2019;33:e010.

Dux KE. Implantable Materials Update. Clin P Med
Surg. 2019;36:535-42.

Sepllveda CH, Gontijo SML, Santos LA,
Drummond AF, Menezes LFS, Neves LS et al
Influence of heat treatment on the mechanical
properties of CrNi stainless steel orthodontic wires.
Dental Press J Orthod. 2019;24(1):68-73.

Kuntz ML, Vadori R, Khan MI. Review of
Superelastic Differential Force Archwires for
Producing Ideal Orthodontic Forces: an Advanced
Technology Potentially Applicable to Orthognathic
Surgery and Orthopedics. Curr Osteoporos Rep.
2018;16(4):380-86.

Rincic Mlinaric M, Karlovic S, Ciganj Z, Acev DP,
Pavlic A, Spalj S. Oral antiseptics and nickel-
titanium alloys: mechanical and chemical effects of
interaction. Odontology. 2019;107(2):150-57.

Asri RIM, Harun WSW, Samykano M, Lah NAC,
Ghani SAC, Tarlochan F, Raza MR. Corrosion and
surface modification on biocompatible metals: A
review. Mater Sci Eng C Mater Biol Appl.
2017;77:1261-274.

Kaur M, Singh K. Review on titanium and titanium
based alloys as biomaterials for orthopaedic
applications. Mater Sci Eng C Mater Biol Appl.
2019;102:844-62.

Moraes JJ, Stipp RN, Harth-Chu EN, Camargo TM,
Hofling JF, Mattos-Graner RO. Two-component
system VicRK regulates functions associated with
establishment of Streptococcus sanguinis in
biofilms. Infect Immun. 2014;82(12):4941-51.
Rafiee K, Naffakh-Moosavy H, Tamjid E. The effect
of laser frequency on roughness, microstructure,
cell viability and attachment of Ti6AI4V alloy. Mater
Sci Eng C Mater Biol Appl. 2020;109:110637.
Inami T, Tanimoto Y, Yamaguchi M, Shibata Y,
Nishiyama N, Kasai K. Surface topography,
hardness, and frictional properties of GFRP for
esthetic orthodontic wires. J Biomed Mater Res B
Appl Biomater. 2016;104(1):88-95.

Vincent M, Duval RE, Hartemann P, Engels-
Deutsch M. Contact killing and antimicrobial
properties of copper. J Appl Microbiol.
2018;124(5):1032-46.

Arch Health Invest 12(9) 2023



Arch Health Invest (2023)12(9):1962-1968
http://doi.org/10.21270/archi.v12i9.6256

30.Hans M, Mathews S, Micklich F, Solioz M.
Physicochemical properties of copper important for
its antibacterial activity and development of a
unified model. Biointerphases. 2015;
11(1):018902.

31. Tang S, Zheng J. Antibacterial Activity of Silver
Nanoparticles: Structural Effects. Adv Healthc
Mater. 2018;7(13):e1701503.

32. Abraham KS, Jagdish N, Kailasam V,
Padmanabhan S. Streptococcus mutans adhesion
on nickel titanium (NiTi) and copper-NiTi archwires:
A comparative prospective clinical study. Angle
Orthod. 2017;87(3):448-54.

33. Taha M, El-Fallal A, Degla H. In vitro and in vivo
biofilm adhesion to esthetic coated arch wires and
its correlation with surface roughness. Angle
Orthod. 2016;86(2):285-91.

34.Kim IH, Park HS, Kim YK, Kim KH, Kwon TY.
Comparative short-term in vitro analysis of mutans
streptococci adhesion on esthetic, nickel-titanium
and stainless steel arch wires. Angle Orthod. 2014;
84:680-686

35.Macena MCB, S& Catdo CD, Rodrigues RQF,
Vieira JMF. Orthodontic Wires, Microstructural
Properties and Their Clinical Applications:
Overview Rev Saude & Ciéncia On-line.
2015;4(2):90-108.

1968

© 2023 - ISSN 2317-3009

CONFLICTS OF INTERESTS

The authors declare no conflicts of interests.

CORRESPONDING AUTHOR

José Guilherme Neves

School of Dentistry of Piracicaba (UNICAMP),
Department of Dental Materials,

13414-903 Piracicaba - SP, Brazil

Department of Orthodontics, Araras Dental School,
Herminio Ometto Foundation, FHO,

13607-339 Araras - SP, Brazil

E-mail: nevesjoseguilherme@gmail.com

Received 09/09/2023
Accepted 14/09/2023

Arch Health Invest 12(9) 2023



