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Abstract
This In vitro study was designed to evaluate the corrosion pits in nickel titanium archwires coated with teflon
and with Epoxy in dry and after immersion in artificial saliva, chlorhexidine (0.2%) (Parodontax) and toothpaste
media (Sensodyne) for (1, 7 and 28) days intervals. Moreover, this study intended to compare the corrosion
pits for each type of archwires at these different media among all intervals. Two hundred forty pieces of
orthodon c wires of Teﬂon (Hubit) coated Nickel Titanium (120 pieces) and epoxy (Orthotechnology) coated
nickel titanium (120 pieces), rectangular in cross sec on, size (0.019 x 0.025) inch and 15 mm in length divided
into four groups, according to immersion media: (dry environment group, artificial saliva group, chlorhexidine
group and toothpaste group). The atomic force microscope used to measure the corrosion pits for all samples
at dry and wet conditions and after different immersion periods. Statistical analysis showed that there was
non-significant coating’s type difference in dry environment but highly signiﬁcant diﬀerences at 28 days
immersion period in chlorhexidine and toothpaste. The media and the time of immersion influenced highly
significant in the corrosion pits.
Keywords: Esthetic coated archwire, Teflon, Epoxy, corrosion, Wet environment, AFM.

Introduction

several types of adverse reactions ranging from
mild hypersensitive responses, such as contact
dermatitis, to extremes of cytotoxic, mutagenic,
and carcinogenic changes. Nickel hypersensitivity
reactions to NiTi wires have been observed in
orthodontic patients who are nickel-sensitive,
although such cases are rare (Chakravarthi et al.,
2012). NiTi arch wires are constantly exposed to the
oral cavity and carry greater risk for toxic effects
(Eliades and Athanasiou, 2002).
In acidic pH, hydrogen ions penetrate into the
NiTi alloy and form brittle titanium hydrides, which
cause arch wire fracture (Yokoyama et al., 2001).
Similarly, fluoride ions present in various anti caries
preparations are also known to increase their
susceptibility to corrosion (Walker et al., 2005).
NiTi archwires are made from an ingot through
multiple stages of heat treatment and by different
types of wire drawing methods. This causes
formation of several oxides of titanium and nickel
(TiO2, TiO, Ti2O5, and NiO), which provide the
inherent corrosion resistance (Iijima et al., 2001).
Even though this mechanism renders good
anticorrosive properties for NiTi alloys (Rondelli and
Vicen ni, 2000). Such oxides are not infallible and
can initiate corrosion on disruption (Huang et al.,

Nickel-titanium (NiTi) is one of the most
commonly used alloys to manufacture archwires
(Brantley, 2001; Cioﬃ et al., 2012) because of their
interesting elasticity and shape memory capacity,
which allow this material to return to its original
configurations after being submitted to a stress
(Wichelhaus et al., 2010; Catauro et al., 2014).
Nickel Titanium wires are commonly used during
the aligning phase of orthodontic treatment, there
by better able to provide the light, continuous force
desired for orthodontic treatment (Pun and Berzins,
2008; Quintão and Brunharo, 2009; Proﬃt et al.,
2013; Senkutvan et al., 2014).
Under certain condition, an extensive Ti release
may occur In vivo. The Ni added to the alloy to
increases hardness, strength and corrosion
resistance (Vijayaraghavan et al., 2012; Brooks et
al., 2014; Goutam et al., 2014). Corrosion of nickel
titanium (NiTi) arch wires raises major concern
because of their high nickel content (47% to 50%
nickel) and associated biocompatibility issues (Locci
et al., 2000). Because nickel atoms are not strongly
held in NiTi alloy as in other intermetallic
compounds (Brantley, 2001), its release into the
oral cavity during clinical use is reported to cause
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2003).
The high surface roughness of NiTi is cited as one
reason for its corrosive characteristics (Oshida et
al., 1992; Hunt et al., 1999; Widu et al., 1999).
However, certain other studies have related
corrosion characteristics of NiTi wires to the
residual stresses incorporated into it during
manufacturing and not to its surface roughness (Lee
et al., 2005; Huang, 2005; Kao and Huang, 2010).
This means the effects of surface features on
corrosive features of NiTi wires are not conclusively
known. In this context, surface modification of NiTi
arch wires is considered a favorable option for
improving its surface roughness and thereby its
corrosion resistance and biocompatibility (Tan et
al., 2003). Additional benefits expected are better
esthetics and reduced frictional coefficients (Kim
and Johnson, 1999).
In modern society, the esthetic aspect of
orthodontic therapy is becoming increasingly
important because of the growing number of adult
patients (Ziuchkovski et al., 2008; Rosvall et al.,
2009). U liza on of esthetic wires is only a logical
extension of demand from a patient base that
prefers esthetic brackets. This is especially
important considering nickel titanium wires
(Washington, 2013). The combination of esthetic
archwires and sapphire brackets ranked second in
patient preference behind only clear aligners (Feu
et al., 2012). Different manufacturers, to modify the
surface of NiTi arch wires, used esthetic materials
such as Teflon and Epoxy. A comprehensive study
comparing the efficacy of such coatings on the
corrosion behavior of NiTi wires not been reported
so far (Krishnan et al., 2014). Therefore, it is
important to assess and compare the effect of
Teflon and Epoxy coating material in the corrosion
of Nickel Titanium, to evaluate and compare the
effect of dry and wet environment, and to evaluate
the effect of immersion time.

environment for 1, 7 and 28 days intervals. Another
’
thirty pieces of each wire s type were immersed in
Artificial saliva (pH = 6.75 ±0.15) (400 mg/l NaCl,
400mg/l KCl, 795 mg/l CaCl2.2H2O, 690 mg/l
NaH2PO4.H2O, 5 mg/l Na2S.9H2O, 1000 mg/l Urea,
500ml deionized water, 500ml Distilled water)
(Iijima et al., 2001; Rondelli and Vicen ni, 2000;
Huang et al., 2003), chlorhexidine mouthwash (GSK,
Germany, Exp: 06 /2015) and toothpaste (GSK, UK,
Exp: 06 /2015).

Figure (1): Coated archwires.
’

These wire s pieces were incubated in covered
0
glass containers at 37 C for the entire testing period
(Sultan, 2008). The corrosion pits measured at the
following me intervals: 1, 7 and 28 days. Corrosion
pits measurements were obtained by Atomic Force
Microscope (AFM; JPK Nanowizard, Nr: H-01-0086,
and JPK Image Processing so ware, version 3.0; JPK
Instruments A.G., Berlin, Germany) with a noncontact tip coated with silicon (NCLR-20;
NanoWorld, Neuchatel, Switzerland), with a
constant force of 48 N/mm and resonance
frequency of 190 kHz (Figure 2). After preparation,
the samples washed with distilled water, immersed
in 70% ethanol for 4-5sec, then immersed in
acetone (act as a vola le organic solvent) for 810sec, and dried by dry air for one minute. This
method of cleaning used to remove all
contaminated layer formed on the alloy during
storage (Oh and Kim, 2005).
The ar ﬁcial saliva replaced every 7 days with a
fresh solution to avoid its saturation with the
corrosion products (Elshahawy et al., 2009;
Khamees, 2013). The chlorhexidine solu on used
according to the manufacturer instruction and the
samples immersed completely in the solution in the
test tubes and covered perfectly by theirs covers,
shake by the shaker for 1min, then they were

Materials and Methods

Total number of (240) pieces of upper-coated
Nickel Titanium orthodon c archwires, (120)
selected from Ortho Technology Company (Brazil)
and (120) selected from Hubit Company (Korea)
were tested for corrosion (Figure 1).
The specimens used in the study having a
rectangular (0.019 × 0.025 inch) cross sec on and
cut in to pieces of (15mm) length. These pieces of
wires divided in to four groups according to the
media they immersed in (dry, artificial saliva,
chlorhexidine mouthwash and toothpaste). They
subdivided into three groups according to the
period of immersion (1, 7 and 28 days). Thirty
’
pieces of each wire s type were left in Dry
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removed and washed with distilled water, dried by
dry air and re-put in the artificial saliva, then
0
incubated at 37 C. This procedure would repeated
two mes daily for (1, 7 and 28 days) intervals
(Sultan, 2008).
The samples of
Toothpaste groups were
immersed completely in the paste on a slap for
2min A er the 2min were completed the wires
were removed and washed with distilled water,
dried by dry air and re-put in the artificial saliva,
0
then incubated at 37 C. This procedure would be
repeated 3 mes daily for (1day, 7 days, and 28
days) intervals (Sultan, 2008).

Statistical analysis: Data collected analyzed by
using relevant software statistical package of social
science (SPSS, Chicago, 21). These data of the
corrosion pits for all specimens averaged, and the
results analyzed with the following statistics:
1. Descrip ve sta s cs:( mean of corrosion pits and
its standard deviation).
2. Inferen al sta s cs: {Independent sample t-test,
one way analysis of variance (ANOVA) and least
significant difference (LSD)}.

Results and Discussion

The effect of coating material: In dependent
sample t-test showed non-significant coating type
difference in the corrosion pits in dry environment
at different intervals. The result also showed there
were signiﬁcant diﬀerences at 1 and 7 days in
chlorhexidine and highly signiﬁcant diﬀerences at 7
days immersion in ar ﬁcial saliva and 28 days
immersion in chlorhexidine and toothpaste (Table
1).
The effect of the immersion media: Analysis of
variance difference (ANOVA) has demonstrated
high-significant differences among all the different
media for the two wire’s type except for Hubit
(Teﬂon) at 1 day immersion period, which showed
significant difference (Table 2).
The effect of the time intervals: The time interval
has non-significant effect on the corrosion pits at
dry environment. Analysis of variance difference
(ANOVA) has demonstrated highly significant
differences among the different time intervals for
each wire in wet environment (Table 3).

Figure (2): Atomic force microscope (AFM).

Table (1): The eﬀect of coa ng material difference for each wire immersed in specific media for different
intervals
Descriptive statistics
Company difference
(d.f.=18)
Hubit
Orthotechnology
Media
Intervals
Mean
Mean
Mean
S.D.
S.D.
t-test
value
Pits/ nm
Pits/ nm
Difference
1 day
0.000484 0.000162 0.000485
0.000199
0.000001
-0.012 0.990
Dry
7 days
0.000541 0.000138 0.000473
0.000186
0.000068
0.927
0.366
28 days
0.000504 0.00018
0.000499
0.000198
0.000005
0.059
0.954
1 day
0.000287 0.000091 0.000233
0.000078
0.000054
1.424
0.172
Artificial
7 days
0.000619 0.000023 0.000516
0.000032
0.000103
8.220
*0.000
saliva
28 days
0.000523 0.000143 0.000438
0.000133
0.000085
1.374
0.186
1 day
0.000381 0.000131 0.000283
0.000064
0.000098
2.128
*0.047
CHX
7 days
0.000429 0.000136 0.000319
0.000056
0.000110
2.356
*0.030
28 days
0.000208 0.000066 0.000644
0.000095
0.000436
11.970 *0.000
1 day
0.000349 0.000140 0.000382
0.000136
0.000033
-0.534 0.600
Tooth
7 days
0.000283 0.000046 0.000285
0.000086
0.000002
-0.065 0.949
paste
28 days
0.000683 0.000105 0.000906
0.000026
0.000223
-6.540 *0.000
(*) mean significant (*) mean highly significant.
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Descriptive Statistics
Artificial saliva
Chlorhexidine

Dry

Media difference
(d.f.=39)

Tooth paste

Mean
Pits/ nm

S.D.

Mean
Pits/ nm

S.D.

Mean
Pits/ nm

S.D.

Mean
Pits/ nm

S.D.

F-test

p-value

1 day

0.000484

0.000162

0.000287

0.000091

0.000381

0.000131

0.000349

0.000140

3.806

*0.018

7 days

0.000541

0.000138

0.000619

0.000023

0.000429

0.000136

0.000283

0.000046

21.042

*0.000

28 days

0.000504

0.000180

0.000523

0.000143

0.000208

0.000066

0.000683

0.000105

23.009

*0.000

1 day

0.000485

0.000199

0.000233

0.000078

0.000283

0.000064

0.000382

0.000136

7.277

*0.001

7 days

0.000473

0.000186

0.000516

0.000032

0.000319

0.000056

0.000285

0.000086

11.091

*0.000

28 days

0.000499

0.000198

0.000438

0.000133

0.000644

0.000095

0.000906

0.000026

26.011

*0.000

Ortho
technolo
gy

Hubit

Intervals

Company

Table (2): The eﬀect of diﬀerent media on the corrosion pits of diﬀerent wires and intervals

(*) mean significant (*) mean highly significant.
Table (3): The eﬀect of me of immersion in each media for each wire
Descriptive statistics
Media

Dry
Artificial
saliva
CHX
Tooth
paste

Company

Hubit
Ortho
Technology
Hubit
Ortho
technology
Hubit
Ortho
technology
Hubit
Ortho
technology

1 day
Mean
Pits/nm
0.000484

7 days

0.000162

Mean
Pits/nm
0.000541

0.000485

0.000199

0.000287

Intervals
difference
(d.f.=29)

28 days
S.D.

F-test

p-value

0.000138

Mean
Pits/nm
0.000504

0.00018

0.323

0.727

0.000473

0.000186

0.000499

0.000198

0.045

0.956

0.000091

0.000619

0.000023

0.000523

0.000143

29.863

*0.000

0.000233

0.000078

0.000516

0.000032

0.000438

0.000133

25.730

*0.000

0.000381

0.000131

0.000429

0.000136

0.000066

10.108

*0.001

0.000283

0.000064

0.000319

0.000056

0.000644

0.000095

73.354

*0.000

0.000349

0.000140

0.000283

0.000046

0.000683

0.000105

42.101

*0.000

0.000382

0.000136

0.000285

0.000086

0.000026

125.738

*0.000

S.D.

S.D.

0.000208

0.000906

(*) mean highly significant.
The effect of coating material: The highly
signiﬁcant diﬀerences at 7 days immersion in
Artificial saliva was similar to the results reported
by the previous studies, Which showed a severe
deterioration and a greater surface roughness
compared to the preclinical used (Elayyan et al.,
2008; Wichelhaus et al., 2010; Zegan et al., 2012 da
Silvaa et al., 2013). The result of this study also
agree with Khamees (2013) In vitro study, but
disagree with Krishnan et al. (2014) study in which
there was significant improvement in corrosion
resistance of teflon as compare to Epoxy.
The signiﬁcant diﬀerences at 1 and 7 days in
chlorhexidine and the highly significant differences
at 28 days immersion in chlorhexidine and
toothpaste may be due to the type and nature of
coating material.
The effect of the immersion media: The significant
and high-significant differences among all the

different media for the two wire’s type may be
qualified to the element that initiate the corrosion
process, to the variances in pH and presence or
absence of fluoride ions.
The effect of the time intervals: The time interval
has no effect on the corrosion pits at dry
environment. This may related to the constant
factors of the environment at this study. The highly
significant differences among the different time
intervals of teflon coated wires (Hubit) in artificial
saliva may attributed to the delayed formation of
passive protective layer in presence of the coating
film. This result disagree with Neumann et al.
(2002) who stated that Teflon coating prevented
the corrosion of the wire completely. The highly
significant discrepancies in the effect of time in
each wire’s type immersed in chlorhexidine
mouthwash may be due to increased acidity
(decreasing pH). This was in agreement with
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Yokoyama et al. (2001). The highly significant
differences among the three immersion periods for
each wire in Toothpaste may attributed to the
fluoride-containing environment and a longer
immersion time, which might enhance the
corrosion of the surface layer. This result was agree
with Walker et al. (2005) result.
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