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Abstract

Background: Friction plays a major role during tooth movement as it takes up to 60% of the applied force, hence reducing the force
available for tooth movement. Coating the surface of orthodontic wires by various techniques is being developed to improve their
mechanical and biological properties.
Objectives: To evaluate the characteristics of nano particle coated and uncoated stainless steel, nickel-titanium, and beta-titanium
wires for (1) coating stability, (2) surface characteristics and (3) biocompatibility after 21 days of exposure to artificial saliva.
Methods: Six types of wires were tested for coating stability, surface characteristics before and after exposure to artificial saliva
using scanning electron microscope and the artificial saliva was tested for leaching of ions by inductively coupled plasma optical
emission spectrometer.
Results: Coating thickness was reduced in each group after exposure to artificial saliva which was statistically significant. Signif-
icant changes in surface morphology such as delamination and irregularity of the coating was noted. Coated NiTi wires showed
lesser leaching of ions when compared with uncoated NiTi wires but the difference was not statistically significant.
Conclusions: Coating delamination and irregularities were seen in many areas. The highest concentration of ions leached among
all the groups were of iron, followed by silica.
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1. Background

Metal alloys of various types are routinely used in den-
tistry. In 1930s and 1940s gold was used for the fabrica-
tion of accessories in orthodontics. The advent of stainless
steel replaced gold and was used for the fabrication of or-
thodontic bands, brackets and wires. In the 1970s, Nickel-
Titanium alloys were introduced for use as orthodontic
wires and are now used frequently, especially in the initial
stages of treatment with fixed appliances, because of their
favorable mechanical properties (1, 2).

Nickel is an identified allergen which maybe released
during nickel-titanium and stainless steel archwire use. Ac-
cording to previous research patients wearing orthodon-
tic appliances showed high concentrations of nickel in the
saliva and oral mucosa (3). Burning sensation, gingival hy-
perplasia, angular cheilitis, erythema multiforme, stom-

atitis, perioral rash, and loss of taste are some oral signs
and symptoms of nickel allergy (3). Fixed appliances also
provide an ideal environment for colonization of microor-
ganisms since orthodontic appliances can be difficult for
patients to clean and maintain adequate oral hygiene (4).
Concomitant increases in the prevalence of nickel hyper-
sensitivity during the last decade have created mounting
interest in alloy compositions and the release of metal ions
during treatment, and their side effects.

Friction plays a major role during alignment and level-
ing and also during space closure. If up to 60% of the active
force is dissipated as friction it reduces the force available
for tooth movement such that an additional force must
be applied in order to overcome the frictional force. The
problems related to increased friction during orthodon-
tic treatment may range from difficulty in anchorage con-
trol, increase in duration of orthodontic treatment and in-
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crease in the risk of root resorption (5).

Attempts to reduce friction and improve both, the me-
chanical and biological properties of orthodontic wires,
a few strategies were developed such as alteration of the
bracket design, use of different types of alloys, surface
treatment or coating of wires using various techniques
and materials, as well as modifying the surface of wires and
brackets which were successful to some extent (5).

Nanoparticles of metal dichalcogenide with fullerene-
like structure were discovered in the early 1990’s and are
known to serve as excellent solid lubricants under various
conditions. This can be used for coating the orthodontic
wires or brackets in order to reduce the friction during the
orthodontic treatment (6, 7).

2. Objectives

Synthesis of Nano Clear has allowed remarkable im-
provement of wear and friction properties due to the pen-
etration of the Nano Clear nanoparticles into the interface
between wire surfaces.

Hence this study was undertaken to evaluate the ma-
terial characteristics of nano particle coated and uncoated
stainless steel, nickel-titanium, and beta-titanium for the
parameters (1) coating stability, (2) surface characteristics
and (3) biocompatibility (release of nickel, chromium, sil-
ica and iron from the wires) after 21 days of exposure to ar-
tificial saliva.

3. Methods

The materials used were:

1. Ormco, USA - 0.019 × 0.025” beta titanium and stain-
less steel straight length wires;

2. G and H Wire Company, USA - 0.019 × 0.025” NiTi
straight length wires;

3. Nanoparticles coating precursor solution was col-
lected from progressive chemicals Pvt. Ltd;

4. The artificial saliva used in this present study was
prepared according to Macknight-Hans and Whitford for-
mula (8).

Experimental materials comprised of six types of
wires, classified into six major groups, each group con-
sisted of 15 samples which were tested, therefore 90 wire
samples were tested, for coating stability, surface charac-
teristics before and after exposure to artificial saliva and
the artificial saliva itself was tested for leaching of ions
such as nickel, chromium, iron and silica (Table 1).

Table 1. Experimental Materials

Group Wires Used in the Group

Group I Nanoparticle coated NiTi wires (0.019 × 0.025”)

Group II Nanoparticle coated beta titanium wires (0.019 × 0.025”)

Group III Nanoparticle coated stainless steel wires (0.019 × 0.025”)

Group IV Commercially available uncoated NiTi wires (0.019 × 0.025”)

Group V Commercially available uncoated beta titanium wires (0.019 ×
0.025”)

Group VI Commercially available uncoated stainless steel wires (0.019 ×
0.025”)

3.1. Coating of Wires

Fifteen wire samples from each of the groups I, II and
III were coated with nanoparticle film using 100 mL Nano
Clear. The wires were first held under running water to dis-
card any dust particles and later cleaned with a degreas-
ing powder in order to remove any interference with the
coating procedure. Nanoparticle coating solution was pre-
pared by mixing Nano Clear (Figure 1) along with the Nano
Clear solvent (Figure 2) in a ratio of 1:1. The orthodontic
wires were kept dipped into the nanoparticle solution for
30 minutes (Figure 3). Later the wires were removed and
kept in a hanger where they were further painted with
nanoparticle solution. The wires were then air dried for 2
minutes. The wire with the hanger was then placed in the
hot air oven at 160ºC for 3 minutes. In this way the com-
mercially available orthodontic wires were coated with
nanoparticles.

Once the coating on the wire samples was achieved,
they were observed under the scanning electron micro-
scope (F E I Quanta FEG 200) along with the uncoated wire
samples from group IV,V and VI at 100X, 200X, 500X, 1000X
and 5000X magnification to assess their surface character-
istics. At 1000X magnification, measurements were made
of the coating thickness (Figures 4-6). The coated wire
samples were then placed in test tubes filled with artifi-
cial saliva for 21 days, after which the wires were removed
and the coating thickness was remeasured. The artificial
saliva was analysed using inductively coupled plasma opti-
cal emission spectrometer (iCAP 6000 series ICP by thermo
scientific) for the release of nickel, chromium, iron and sil-
ica.

3.2. Statistical Analysis

Minitab (www.minitab.com) was used to analyze the
data. Two ways analysis of variance of means was used to
assess the surface roughness results of each group to verify
the influence of coating and of exposure to artificial saliva
and the interaction of both factors on the results.
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Figure 1. Nano Clear

Figure 2. Nano Clear solvent

4. Results

4.1. Evaluation of Coating Thickness

Pre-exposure coating thickness for NiTi, beta titanium
and stainless steel wires with minimum, maximum and

Figure 3. The wires placed in the coating solution for 30 minutes

Figure 4. Measurements made of the coating thickness of coated NiTi wires under
1000X magnification

mean values were calculated. Once the mean values for
each group were obtained, pre and post exposure thick-
ness was compared for each group (Figure 7).

Pre-exposure thickness for NiTi wires was found to be at
10.636 ± 1.953 microns which was reduced to 8.857 ± 1.599
microns after exposure to artificial saliva. Beta titanium
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Figure 5. Measurements made of the coating thickness of coated beta-Ti wires un-
der 1000X magnification

Figure 6. Measurements made of the coating thickness of coated Stainless steel
wires under 1000X magnification

wire thickness of 13.498 ± 2.575 microns was reduced to
10.575 ± 2.188 microns and for stainless steel wires, thick-
ness of 13.484 ± 3.223 microns was reduced to 10.638 ±
3.085 microns after exposure to saliva for 21 days.

Thickness was reduced in each group after exposure to
artificial saliva which was statistically significant.

4.2. Evaluation of Surface Characteristics

SEM images (200× magnification) of the nanoparti-
cles coated and uncoated wires before and 21 days after ex-
posure to artificial saliva were obtained.

All six groups showed notable changes in surface mor-
phology. Many of the specimens were characterized by
small delamination and irregularities of the coating over
some points. The SEM study revealed that the orthodontic
wires coated with nanoparticles showed less surface irreg-
ularities than the commercially available uncoated wires.
Thus the surface topography of the coated wires was found
to be smoother with less surface deteriorations as com-
pared to the uncoated wires. The coating layer peeled off
leaving surface defects in many areas since the wires were
kept immersed in artificial saliva for 21 days while the un-
coated wires showed greater degree of surface roughness
especially the beta titanium wires group.

4.3. Evaluation of Artificial Saliva for Leaching of Ions

The highest concentrations of ions leached among all
the groups were of Iron, followed by silica (Figure 8).

Coated NiTi wires showed lesser concentrations of
chromium, iron, nickel and silica when compared with
conventional uncoated NiTi wires but the difference was
not statistically significant. Coated beta titanium wires
showed slightly more concentrations of chromium, iron
and nickel when compared with uncoated beta titanium
wires while slightly more concentrations of Iron and Silica
release were seen from coated stainless steel wires when
compared with uncoated stainless steel wires. The net con-
centration of nickel and the release of nickel were found to
be less than chromium.

5. Discussion

Characterization of archwire alloys forms an initial
step toward understanding archwire behavior in clinical
situations. This helps the clinician to select an appropriate
archwire on the basis of the biomechanical requirement of
the clinical situation from the plethora of materials avail-
able.

The surface topography of an orthodontic wire is an es-
sential property known to influence its mechanical charac-
teristics, esthetic appearance, corrosion behavior, and/or
its biocompatibility (9). Various coating techniques and
materials have been used with the objective of improv-
ing surface properties. However, some difficulty has been
faced in this regard, mainly the delamination or wear of
the coating (10). The nanoparticle used in our study is Nano
Clear which is a commercially available nanoparticle coat-
ing precursor solution. It was the solution of choice in our
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Figure 7. Intergroup comparison for coating thickness of wires
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Figure 8. Various ions released from individual groups

study as it is readily available commercially. Secondly, the
coating methodology used in our study is a simple proce-
dure which can be performed at the clinical chairside and
the coating produces a colorless film which does not alter
the appearance of the wire as an aesthetic coating which
may produce unaesthetic appearance over time.

The present study is an extension of the research by da

Silva et al. (11) where they evaluated the coating thickness
of four brands of as-received esthetic coated rectangular
archwires and their surface characteristics and coating sta-
bility after 21 days of oral exposure and compared those
with conventional stainless steel (SS) and nickel titanium
(NiTi) wires. They found that the coated archwires had a
low esthetic value as they presented a nondurable coating.
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The remaining coating showed severe deterioration and
greater surface roughness than postclinical control coun-
terparts. This seems to be in conjunction with the present
study where delamination of coating left surface defects
and irregularities in many areas since the wires were kept
immersed in artificial saliva for 21 days. A great variation
in the type and number of surface defects were observed
in each sample of coated wires, and also between different
samples of uncoated wires, was noted. Additionally, the
coating layer clearly tended to be thicker in the center and
thinner on the edges which could make the coating layer
more susceptible to damage. Besides, this irregularity in
coating thickness might impair the wire bracket slot en-
gagement, influencing tooth movement.

Elayyan et al. (10) found similar results where they eval-
uated Ex vivo surface and mechanical properties of coated
archwires. In vivo studies conducted by Rongo et al. (12)
found similar results where they found SEM images of NiTi
wires showing homogeneity for the as-received control
wires and a heterogeneous surface with craters and bumps
in clinically used esthetic wires. Clinical approaches have
also been tried. Demling et al. (13) coated stainless steel
brackets with polytetrafluoroethylene (PTFE) and placed
them in the oral cavities of children for eight weeks to
compare biofilm formation on those brackets vs. uncoated
brackets. After this time, a significant reduction in biofilm
formation was found in coated brackets.

Nonetheless, investigations continue to find suitable
materials and techniques to improve the properties of
metallic biomaterials. The increase in friction due to sur-
face roughness is a controversial topic discussed in rele-
vant literature (14-16). Some authors confirm the existence
of a close correlation between surface roughness and fric-
tion (14) but other studies state that a wire’s low surface
roughness is not a sufficient condition for low frictional
coefficients (10, 16). Nanoparticles have been emphasized
to decrease the frictional forces between two metallic sur-
faces as excellent solid lubricants (17-19). Redlich et al. (18)
coated 0.019×0.025 stainless steel orthodontic wires with
inorganic fullerene-like nanoparticles of tungsten disul-
fide (WS2) and showed significant reduced frictional forces
on the wires. Furthermore, the stainless steel orthodontic
wires when coated with the nanoparticles of CNx as sug-
gested by Wei et al. (20) showed significant decrease in fric-
tional forces.

To improve long-term biocompatibility and frictional
characteristics, various surface modification methods
have been applied to orthodontic appliances (21-24).
Diamond-like carbon (DLC) films are promising con-
tributions for this bio-application, owing to their low
friction coefficient, chemical inertness and high corrosion
resistance (25).

In recent studies, DLC films are widely expected to be
adapted as a new biocompatible coating to reduce nickel
release from NiTi alloy archwires (22). Kobayashi et al.
(22) deposited a diamond-like carbon coating on NiTi arch-
wires to test in vitro whether nickel release could be re-
duced. This investigation concluded that there was a re-
duction in the concentration of nickel ions in physiolog-
ical saline, which makes DLC non-cytotoxic in a corrosive
environment which seems to be consistent with our find-
ings. Li et al. (26) found similar results where they inves-
tigated the biocompatibility of diamond-like carbon (DLC)
coated nickel-titanium shape memory alloy (NiTi SMA) in
vitro and in vivo and concluded that diamond-like car-
bon appears to have better biocompatibility in vitro and
in vivo compared to the uncoated ones. In our study the
biocompatibility was tested by evaluating the leaching of
Ions from both the coated and uncoated wires which was
based on the research work by Matos de Souza and Macedo
de Menezes (27) where they assessed the in vivo release of
nickel, chromium, and iron ions into saliva by different
metallic brackets and found an increase in the levels of
chromium and nickel ions in the saliva which was consis-
tent with our findings.

More toxicity and sensitivity tests, evaluating the effect
of the nanoparticles on various body organs and especially
oral tissues are necessary.

Limitations of this study include a short duration of
exposure to artificial saliva and few studies in the liter-
ature to compare our results with, making our conclu-
sions based mainly on our findings. Another limitation
was in the evaluation of the coating thickness. The wires
were kept stationary in artificial saliva, the role of wire
movement and contact with bracket was not considered,
which are factors that may affect the stability of the coat-
ing. Therefore, the necessity of further knowledge of the
surface characteristics of coated archwires is evident.

5.1. Conclusions

The present study has identified important changes in
the properties of coated archwires after exposure to artifi-
cial saliva in an attempt to simulate oral environment. The
exposure to artificial saliva for 21 days had an important
role in the coating loss and in the surface quality of coated
wires. It provides critical information concerning the per-
formance of materials in the environment in which they
are intended to operate. In addition, this method helps in
the assessment of alterations of material properties that
can occur during clinical use. With further improvements
in coating method and its approval for use in the oral cav-
ity, the problem of friction during orthodontic treatment
could be minimized consequently, enhancing anchorage
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control and direction of tooth movement, reducing dura-
tion of the treatment and decreasing the risk of root re-
sorption.

Footnotes

Conflict of Interests: It is not declared by the author.

Financial Disclosure: Authors have no relevant financial
interests related to the material in the manuscript.

Funding/Support: It is not declared by the author.

References

1. Grimsdottir MR, Gjerdet NR, Hensten-Pettersen A. Composition and
in vitro corrosion of orthodontic appliances. Am J Orthod Dento-
facial Orthop. 1992;101(6):525–32. doi: 10.1016/0889-5406(92)70127-V.
[PubMed: 1350883].

2. Barrett RD, Bishara SE, Quinn JK. Biodegradation of orthodontic ap-
pliances. Part I. Biodegradation of nickel and chromium in vitro.
Am J Orthod Dentofacial Orthop. 1993;103(1):8–14. doi: 10.1016/0889-
5406(93)70098-9. [PubMed: 8422037].

3. Noble J, Ahing SI, Karaiskos NE, Wiltshire WA. Nickel allergy
and orthodontics, a review and report of two cases. Br Dent J.
2008;204(6):297–300. doi: 10.1038/bdj.2008.198. [PubMed: 18356874].

4. Balenseifen JW, Madonia JV. Study of dental plaque in
orthodontic patients. J Dent Res. 1970;49(2):320–4. doi:
10.1177/00220345700490022101. [PubMed: 5264596].

5. Eliades T, Eliades G, Athanasiou AE, Bradley TG. Surface charac-
terization of retrieved NiTi orthodontic archwires. Eur J Orthod.
2000;22(3):317–26. [PubMed: 10920564].

6. Rapoport L, Bilik Y, Feldman Y, Homyonfer M, Cohen SR, Tenne R. Hol-
low nanoparticles of WS2 as potential solid-state lubricants. Nature.
1997;387(6635):791–3. doi: 10.1038/42910.

7. Chen WX, Tu JP, Xu ZD, Tenne R, Rosenstveig R, Chen WL, et al. Wear
and friction of Ni-P electroless composite coating including inor-
ganic fullerene-WS2 nanoparticles. Adv Eng Mater. 2002;4(9):686–90.
doi: 10.1002/1527-2648(20020916)4:9<686::aid-adem686>3.0.co;2-i.

8. McKnight-Hanes C, Whitford GM. Fluoride release from three glass
ionomer materials and the effects of varnishing with or with-
out finishing. Caries Res. 1992;26(5):345–50. doi: 10.1159/000261466.
[PubMed: 1468098].

9. Daems J, Celis JP, Willems G. Morphological characterization of as-
received and in vivo orthodontic stainless steel archwires. Eur J Or-
thod. 2009;31(3):260–5. doi: 10.1093/ejo/cjn104. [PubMed: 19188281].

10. Park JB, Kim YK. Metallic biomaterials. In: Bronzino JD, editor. The
biomedical engineering handbook. 2nd ed. Boca Raton, FL, USA: CRC
Press LLC; 2000.

11. da Silva DL, Mattos CT, Simao RA, de Oliveira Ruellas AC. Coating
stability and surface characteristics of esthetic orthodontic coated
archwires. Angle Orthod. 2013;83(6):994–1001. doi: 10.2319/111112-866.1.
[PubMed: 23650959].

12. Rongo R, Ametrano G, Gloria A, Spagnuolo G, Galeotti A, Padu-
ano S, et al. Effects of intraoral aging on surface properties of

coated nickel-titanium archwires. Angle Orthod. 2014;84(4):665–72.
doi: 10.2319/081213-593.1. [PubMed: 24308528].

13. Demling A, Elter C, Heidenblut T, Bach FW, Hahn A, Schwestka-Polly
R, et al. Reduction of biofilm on orthodontic brackets with the use of
a polytetrafluoroethylene coating. Eur J Orthod. 2010;32(4):414–8. doi:
10.1093/ejo/cjp142. [PubMed: 20139131].

14. Prososki RR, Bagby MD, Erickson LC. Static frictional force and surface
roughness of nickel-titanium arch wires. Am J Orthod Dentofacial Or-
thop. 1991;100(4):341–8. doi: 10.1016/0889-5406(91)70072-5. [PubMed:
1927985].

15. Kusy RP, Whitley JQ, Mayhew MJ, Buckthal JE. Sur-
face roughness of orthodontic archwires via laser spec-
troscopy. Angle Orthod. 1988;58(1):33–45. doi: 10.1043/0003-
3219(1988)058<0033:SROOA>2.0.CO;2. [PubMed: 3162662].

16. Tselepis M, Brockhurst P, West VC. The dynamic frictional resistance
between orthodontic brackets and arch wires. Am J Orthod Dentofacial
Orthop. 1994;106(2):131–8. [PubMed: 8059748].

17. Feldman Y, Wasserman E, Srolovitz DJ, Tenne R. High-rate, gas-phase
growth of MoS2 nested inorganic fullerenes and nanotubes. Sci-
ence. 1995;267(5195):222–5. doi: 10.1126/science.267.5195.222. [PubMed:
17791343].

18. Redlich M, Katz A, Rapoport L, Wagner HD, Feldman Y, Tenne
R. Improved orthodontic stainless steel wires coated with inor-
ganic fullerene-like nanoparticles of WS(2) impregnated in electro-
less nickel-phosphorous film. Dent Mater. 2008;24(12):1640–6. doi:
10.1016/j.dental.2008.03.030. [PubMed: 18495238].

19. Tenne R, Margulis L, Genut M, Hodes G. Polyhedral and cylindrical
structures of tungsten disulphide. Nature. 1992;360(6403):444–6. doi:
10.1038/360444a0.

20. Wei S, Shao T, Ding P. Study of CNx films on 316L stainless steel for
orthodontic application. Diam Relat Mater. 2010;19(5-6):648–53. doi:
10.1016/j.diamond.2010.02.040.

21. Espinar E, Llamas JM, Michiardi A, Ginebra MP, Gil FJ. Reduction of
Ni release and improvement of the friction behaviour of NiTi or-
thodontic archwires by oxidation treatments. J Mater Sci Mater Med.
2011;22(5):1119–25. doi: 10.1007/s10856-011-4292-9. [PubMed: 21437639].

22. Kobayashi S, Ohgoe Y, Ozeki K, Hirakuri K, Aoki H. Dissolution
effect and cytotoxicity of diamond-like carbon coatings on or-
thodontic archwires. J Mater Sci Mater Med. 2007;18(12):2263–8. doi:
10.1007/s10856-007-3118-2. [PubMed: 17562139].

23. Xu JL, Liu F, Wang FP, Zhao LC. Alumina coating formed on medical
NiTi alloy by micro-arc oxidation. Mater Lett. 2008;62(25):4112–4. doi:
10.1016/j.matlet.2008.06.009.

24. Sun T, Lee WC, Wang M. A comparative study of apatite coating and
apatite/collagen composite coating fabricated on NiTi shape mem-
ory alloy through electrochemical deposition. Mater Lett. 2011;65(17-
18):2575–7. doi: 10.1016/j.matlet.2011.05.107.

25. Grill A. Diamond-like carbon: State of the art. Diam Relat Mater.
1999;8(2-5):428–34. doi: 10.1016/s0925-9635(98)00262-3.

26. Li Q, Xia YY, Tang JC, Wang RY, Bei CY, Zeng Y. In vitro and in vivo
biocompatibility investigation of diamond-like carbon coated nickel-
titanium shape memory alloy. Artif Cells Blood Substit Immobil Biotech-
nol. 2011;39(3):137–42. doi: 10.3109/10731199.2010.502880. [PubMed:
20653335].

27. Matos de Souza R, Macedo de Menezes L. Nickel, chromium and iron
levels in the saliva of patients with simulated fixed orthodontic ap-
pliances. Angle Orthod. 2008;78(2):345–50. doi: 10.2319/111806-466.1.
[PubMed: 18251615].

Iran J Ortho. 2019; 14(1):e69613. 7

http://dx.doi.org/10.1016/0889-5406(92)70127-V
http://www.ncbi.nlm.nih.gov/pubmed/1350883
http://dx.doi.org/10.1016/0889-5406(93)70098-9
http://dx.doi.org/10.1016/0889-5406(93)70098-9
http://www.ncbi.nlm.nih.gov/pubmed/8422037
http://dx.doi.org/10.1038/bdj.2008.198
http://www.ncbi.nlm.nih.gov/pubmed/18356874
http://dx.doi.org/10.1177/00220345700490022101
http://www.ncbi.nlm.nih.gov/pubmed/5264596
http://www.ncbi.nlm.nih.gov/pubmed/10920564
http://dx.doi.org/10.1038/42910
http://dx.doi.org/10.1002/1527-2648(20020916)4:9<686::aid-adem686>3.0.co;2-i
http://dx.doi.org/10.1159/000261466
http://www.ncbi.nlm.nih.gov/pubmed/1468098
http://dx.doi.org/10.1093/ejo/cjn104
http://www.ncbi.nlm.nih.gov/pubmed/19188281
http://dx.doi.org/10.2319/111112-866.1
http://www.ncbi.nlm.nih.gov/pubmed/23650959
http://dx.doi.org/10.2319/081213-593.1
http://www.ncbi.nlm.nih.gov/pubmed/24308528
http://dx.doi.org/10.1093/ejo/cjp142
http://www.ncbi.nlm.nih.gov/pubmed/20139131
http://dx.doi.org/10.1016/0889-5406(91)70072-5
http://www.ncbi.nlm.nih.gov/pubmed/1927985
http://dx.doi.org/10.1043/0003-3219(1988)058<0033:SROOA>2.0.CO;2
http://dx.doi.org/10.1043/0003-3219(1988)058<0033:SROOA>2.0.CO;2
http://www.ncbi.nlm.nih.gov/pubmed/3162662
http://www.ncbi.nlm.nih.gov/pubmed/8059748
http://dx.doi.org/10.1126/science.267.5195.222
http://www.ncbi.nlm.nih.gov/pubmed/17791343
http://dx.doi.org/10.1016/j.dental.2008.03.030
http://www.ncbi.nlm.nih.gov/pubmed/18495238
http://dx.doi.org/10.1038/360444a0
http://dx.doi.org/10.1016/j.diamond.2010.02.040
http://dx.doi.org/10.1007/s10856-011-4292-9
http://www.ncbi.nlm.nih.gov/pubmed/21437639
http://dx.doi.org/10.1007/s10856-007-3118-2
http://www.ncbi.nlm.nih.gov/pubmed/17562139
http://dx.doi.org/10.1016/j.matlet.2008.06.009
http://dx.doi.org/10.1016/j.matlet.2011.05.107
http://dx.doi.org/10.1016/s0925-9635(98)00262-3
http://dx.doi.org/10.3109/10731199.2010.502880
http://www.ncbi.nlm.nih.gov/pubmed/20653335
http://dx.doi.org/10.2319/111806-466.1
http://www.ncbi.nlm.nih.gov/pubmed/18251615
http://orthodontics.pub

	Abstract
	1. Background
	2. Objectives
	3. Methods
	Table 1
	3.1. Coating of Wires
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6

	3.2. Statistical Analysis

	4. Results
	4.1. Evaluation of Coating Thickness
	Figure 7

	4.2. Evaluation of Surface Characteristics
	4.3. Evaluation of Artificial Saliva for Leaching of Ions
	Figure 8


	5. Discussion
	5.1. Conclusions

	Footnotes
	Conflict of Interests: 
	Financial Disclosure: 
	Funding/Support: 

	References

