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Abstract:

Purpose: Evaluation of pharmaceutical compounds (Ciprofloxacin, Clotrimazole, Chitosan) and prepared plant extracts
(Clove, Thyme) as corrosion inhibitors for Cu Ni Ti orthodontic arch wire, in acidulated phosphate fluoride solution (APF)
(0.5 % NaF + 0.17 % H3Po,) adjusted to pH of 3.5. simulating commercial fluoride containing products.

Materials and Methods: For corrosion testing, eighty specimens (10 mm in length) were investigated by pontiodynamic
method (five specimens for 0.5% NaF (control group) and five specimens for different corrosion inhibitors ). For Surface
roughness and Scanning electron microscope examination, a representative samples from each group were investigated.
ANOVA and Tukey tests were used to compare between groups at significant level (p < 0.05).

Results: Significant differences were found in means of corrosion resistance (l., ), between different corrosion inhibitors
(ciprofloxacin, clotrimazole, chitosan, clove, thyme) and control group.

Conclusion: The corrosion rate was significantly decreased by adding different corrosion inhibitors, indicating the

formation of protective layer on the wire surface.
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Introduction

he oral cavity is considered as an aggressive

environment to orthodontic appliances causing

biodegradation of metals as a result of its thermal,
ionic, microbiologic, and enzymatic activates. ' Different
alloys as stainless steel (SS), Cobalt-Chromium-Nickel and
Titanium containing alloys; Nickel- Titanium (NiTi),
Nickel-Titanium-Copper ~ (CuNiTi) and  Titanium
Molybdenum alloy (TMA), are commonly used in
orthodontic treatment. For corrosion resistance, all these
alloys depend on the strong protective action of an oxide
passive layer. That oxide passive protective film is severely
affected by both chemical and mechanical disruption. @
Titanium containing wires exhibited good corrosion
resistance compared with SS wire, due to the presence of
oxide film which provides two actions: First, increasing the
integrity of the surface oxide film by preventing the
corrosion of the bulk metal. Second, creating a chemical
and physical effective barriers that prevent the Ni ion
oxidation. It had been concluded that the TiO, protective
layer on the surface of NiTi wires is much stronger and
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protective to corrosion than the Cr,Os layer of stainless
steel wires.® A proved experimental results reveled that
SS wires (typically containing 8% Ni) have higher Ni ion
release more than NiTi and Cu NiTi arch wires (which have
around 50% Ni).”? Fluoride containing products are
commonly used at home. The passive layer of the metal
oxide surface can be deteriorated by the action of fluoride
ions, as a result of decrease in the corrosion resistance of
the alloy and hence its biocompatibility that was caused by
hydrogen absorption.®

For corrosion prevention, isolation of the metal from
corrosive media, is the primary strategy. The addition of a
corrosion inhibitor is an effective method in achieving this
goal. Corrosion inhibitor is a material added in a small
amount to a solution, strongly increase the corrosion
resistance of a metal exposed to that aggressive media.
Corrosion inhibitor can be classified into two main types ;
those increasing the formation of an effective protective
oxide layer through an oxidizing effect and those
selectively adsorbed on the metal surface resulting in
corrosion inhibition and creating an effective barrier that
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prevents access of the corrosive media to the metal
surface'® The presence of functional groups containing
hetero-atoms (N,O,S etc), that can donate their lone pairs of
electrons to metal surface. The selection of certain drugs to
be used as corrosion inhibitors is relying on these facts: (a)
the chemical structure of drug containing nitrogen, oxygen
and sulphur as active sites, (b) drugs are proved to be
friendly with the environment and involved in different
biological reactions and (c) drugs can be produced easily
and purified.”

In this study, five different corrosion inhibitors were
investigated; ciprofloxacin, clotrimazole, chitosan, thyme
and clove.

Il. Materials and Methods

Rectangular Cu NiTi orthodontic arch wires with cross-
sections of 0.019 x 0.025 inch were used in this study. The
chemical composition of the wire is shown in
Table 1.

Table 1: Types, composition and manufacturers of the orthodontic arch wires used in the study.

Wire Composition (wt %)

Batch no.

Manufacturer

CuNiTi

Cr,5%Cu

49.1 % Ni, 45.7 % Ti, 0.2 % | 09A200A

Ormco Glendora, California

1. Corrosion testing

Eighty specimens (10 mm in length) were investigated by
electrochemical pontiodynamic polarization method (five
specimens for 0.5% NaF as a control group). Five
inhibitor (ciprofloxacin, clotrimazole, chitosan, clove,
thyme) was tested in three different concentrations (100 —
200 — 300 ppm). Electrochemical investigations were
performed in conventional three-electrode electrochemical
cell with a capacity of 100 ml. Saturated calomel electrode
(SCE) and a platinum foil were used as reference and
counter electrodes, respectively. The working electrode was
in the form of 10 mm of the arch wire under investigation.
A constant volume of the test solution (100 ml) was
prepared in the glass cell. The potentiodynamic current-
potential curves were recorded by changing the electrode
potential automatically from -0.5 to +0.5 V with scan rate
of 1ImVs™ using an electrochemical measurement system.
This included Gamry framework system based on the
ESA400, and a personal computer with DC105, software.
Echem analyst 5.58 software was used for plotting,
graphing and fitting data. Prior to each run, the working
electrode (sample) was cut and a new one was used after
being abraded by different grades of emery papers, and
washed by distilled water.

2. Surface roughness testing (AFM)

One representative specimen from each group was
investigated by Atomic Force Microscope (nanosurf Flex
AFM system Switzerland), The specimens were randomly
divided into six groups, one representative specimen for
each group, control group and five experimental corrosion
inhibitor groups: ciprofloxacin- clotrimazole - chitosan-
clove - thyme, after being immersed in different testing
solution for one week using the highest concentration (300

ppm).
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3. Scanning electron microscopy

Surface morphological changes were evaluated by
Scanning electron microscope (JSM-6510LV, JEOL, USA)
with magnification power of 5000. The specimen were
coated using gold sputtering before imaging. The
specimens were randomly divided into six groups, one
representative specimen for each group, control group and
five experimental corrosion inhibitor groups: ciprofloxacin-
clotrimazole- chitosan- clove and thyme, after being
immersed in different testing solution for one week using
the highest concentration (300 ppm). Means and standard
deviations of corrosion rate (tested by Potentiodynamic
polarization) were calculated for each group. The data were
analyzed using One-way followed by Tukey post-hoc test
for determining significance differences among and within
different groups (p <0.05).

I11. Results

A. Corrosion (Potentiodynamic polarization method)
Means and standard deviations of the I, (corrosion current
density), that is directly proportional to the corrosion rate,
for the investigated Cu NiTi wire in control and different
corrosion inhibitor groups are shown in Table 2. The
highest mean value of I, was found for control group
(NaF) (463.12 x 10™ +29.9510uA ¢cm™) and the lowest
mean value was found for
ciprofloxacin (300ppm) (108.78 x 10™* +13.72x10™ pA cm™).

The results of post-hoc tukey test (Table.2) showed that
there was significant difference in corrosion resistance (I
) between all the investigated corrosion inhibitor groups
and the control one. For ciprofloxacin, clotrimazole,
chitosan and thyme, there was a significant difference
between all concentrations (100, 200 and 300 ppm). For
clove group, there was no significant difference between
concentrations 100 ppm and 200 ppm.
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Table 2: Means, standard deviations of g X 10* (uA cm™) of the CuNiTi wires in different media with different
concentrations.

| Concentrations |

Control 200 ppm 300 ppm
463.12° 246.08 ° 108.78°

Ciprofloxacin

29.95 40.03
463.12° 257.46°¢
29.95 32.36
463.12°2 236.64 ¢
29.95 31.99
463.12 ° 272.34°
29.95 23.85
463.12° 251.19°¢
29.95 31.33

Clotrimazole

Chitosan

Clove

Thyem

Means with different superscript letters are significantly different at P < 0.05
B. Surface roughness testing (AFM)

The surfaces of investigated arch wires were characterized
by utilizing an atomic force microscope (AFM) that can
give a three-dimensional image of surface topography
(Fig.1). The highest mean value of average surface
roughness (S,) was found for control group (83.98nm). The
values of average surface roughness (S;) were decreased to
be (70.733nm- 787.69nm-61.284nm- 77.175nm-72.284nm)
for Ciprofloxacin, Coltrimazol, Chitosan, Clove and Thyme
groups, respectively.

C. Scanning electron microscop

Scanning electron micrographs of CuNiTi arch wire after
immersion in the testing solutions are showen in Fig.2.
SEM images proved that the surface morphology for tested
arch wire in APF solution (control) with an apparent
greater surface roughness and more complicated surface
textures, arch wires exhibited scratches, pits and surface
defects that may be resulted from the drawing of arch wire
or electropolishing stapes during the manufacturing
process. These surface defects became more accentuated
and obvious after immersion in the APF solutions. On the
other hand, SEM images of wire specimens in different
corrosion inhibitor groups showed homogeneous protective
coating on the metal surface(Fig. 2 (b, c, d, g, f)).
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Fig. 1: AFM images of Cu NiTi arch wires after immersion in the testing solutions. a- Control b- Cipro
c-Clotrmazol
d-Chitosan e-Clove f- Thyme
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Fig.2: SEM images of Cu NiTi specimens after immersion in the testing
solutions. a- Control b- Cipro c-Clotrmazol
d-Chitosan e-Clove f- Thyme
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V. Discussion

The oral cavity is an aggressive environment that can
enhances corrosion of orthodontic arch wires. Conditions,
such as fluctuating temperature, variable (acidic) pH,
mechanical stresses, plaque, proteins and oral flora can
affect the corrosion processes. Fluoride-containing products
is another contributor to acidic oral conditions, these
substances have pH rang of 3.5 to 7.0 ® commercial
fluoride gels with more acidic pH were proved to be more
potent in increasing the calcium fluoride (CaF2)
formation®.

The passive film of the oxide layer surface of
orthodontic arch wires , can be severely affected by
fluoride ions decreasing its corrosion resistance and
biocompatibility. Fluoride concentration o, exposure time,
and acidic pH™.These interrelated factors promote the
surface corrosion of orthodontic wires*?.

For corrosion prevention, corrosion inhibitor is added
to the corrosive media that reacts with the metal surface
forming a protective film on it. Luciane et al indicated that
certain proteins in saliva can form a protective film on
orthodontic wires on the oral cavity acting as corrosion
inhibitor™®.  Effective corrosion inhibitors  should
contained functional groups (such as -OR, -OH, C=C-, -
NR,, -NH, and -SR). The functional groups provide
electrons that help the adsorption of the inhibitor on the
metal surface @

In the present study, rectangular Cu nickel titanium arch
wires was used. It had cross-section of 0.019 x0.025 inches,
this was the largest common dimension available, and were
chosen to maximize surface area for testing. The purpose of
this study is to investigate corrosion inhibitory effect of
some pharmaceutical and prepared compounds on Cu NiTi
orthodontic arch wires in acidulated phosphate fluoride
solution (0.5% NaF), simulating commercial fluoride-
containing products.

A. Corrosion

Venith concluded that TiO,-based passive film formed on
titanium metal has better corrosion resistance in acidic
artificial saliva than the Cr,O4-based passive film on SS®°.
This result was also agree with a previous study which has
also found that Cr,O3 passive film is less corrosion resistant
than TiO,*®.

In case of Cu NiTi wire, the TiO2 passive film reacts with
NaF to form titanium-fluoride complex compound™”.

TiO2 + NaF — Na2 TiF6

The corrosion resistance of CuNiTi was found to be inferior
to that of NiTi wire. Pun et al., found localized instability

of the passive film of CuNiTi wire, with much more
susceptibility to pitting corrosion. This may be attributed
due to the presence of 6.5 % Cu*®. Addition of copper (Cu)
as a third element can improve some mechanical features of
orthodontic nickel titanium arch wires, such as narrowing
of stress hysteresis and a more stable stress-strain plateau.
However, it was accompanied by an increase in the
corrosion rat. Kassab revealed a lower corrosion resistance
of CuNiTi in physiological medium®®. Based on the results
of corrosion testing, corrosion resistance of Cu NiTi was
reduced in 0.5% acidulated phosphate fluoride solution
(APF). This was attributed to the presence of fluoride ion
and acidic conditions (pH3.5) that enhance break down of
the oxide film®,

By adding different concentrations of corrosion inhibitors
the corrosion resistance or the two investigated wires
increase indicating the presence of strong effective film on
surface the wire.

B. Surface roughness AFM

There is positive correlation between corrosion of arch
wires, Surface roughness and ion release in the oral
environment®”.  Surface roughness may affect the
biocompatibility of orthodontic arch wires®. In the
current study the surfaces topography of investigated arch
wires were characterized by using an atomic force
microscope (AFM) which can provide a three-dimensional
information of surface morphology®®. A cleared surface
morphology changes (severe corrosion) was evidenced for
the control groups (high value of S,), by adding the
different corrosion inhibiters the values of Sa were reduced
indicting the presence of strong effective protective film on
surface of the metal this was in agreement with the results
of Huang who observed sever corrosion on the NiTi arch
wires  surface immersed in higher fluoride-containing
environments®?.

Scanning electron microscope

The Scanning electron microscope image for the
investigated wire revealed that 0.5% acidulated phosphate
fluoride solution with pH3.5 (control group) is an
aggressive solution that make more destruction to the
wire surface (oxide layer) . Arch wires exhibited scratches,
pits and surface defects that may be resulted from drawing
of arch wire or electropolishing procedures accompanied
with the manufacturing process. By adding different
corrosion inhibitors, it was found that nearly no corrosion
products were present on the wire surface. The morphology
is quite different such that the image was much more
smooth than the control group.
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