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Abstract

Regularly grown teeth lead to beautiful and attractive smiles that will attract everyone. But some
people have irregularly arranged teeth. These less fortunate people go to doctors to regularize
the growth of teeth. The dentists in turn recommend the use of orthodontic wires, made of
various alloys. In the oral environment in presence of saliva these wires undergo corrosion.
Apart from this, these wires undergo further corrosion when we take various tablets, juices and
food items. In the present work the influence of a tablet Roseday-5 mg, on the corrosion
resistance of orthodontic wire made of SS 316L alloy, in artificial saliva has been evaluated.
The corrosion resistance of SS 316L alloy in artificial saliva, in the absence and presence of
Roseday-5 mg has been evaluated by polarization study and AC impedance spectra. Polarization
study reveals that in the presence of Roseday-5mg, LPR value increases from 1973954 to
2053646 Ohm-cm?. Corrosion current decreases from 2.245-108 to 2.139-108 A/cm?. That is,
in presence of Roseday-5 mg, the corrosion resistance of SS 316L alloy in artificial saliva
increases. AC impedance study reveals that in the presence of Roseday-5 mg, Rt value increases
from 320260 to 416460 Ohm-cm?. The Cai value decreases from 1.5925-107!! to 1.2246-10°%
F/cm?. That is in the presence of Roseday-5 mg the corrosion resistance of SS 316L alloy in AS
increases. It is concluded that people clipped with orthodontic wire made of SS 316L alloy need
not hesitate to take Roseday-5 mg orally.
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Introduction

Salivais a watery substance formed in the mouths of animals, secreted by the salivary glands.
Human saliva comprises 98% water, plus electrolytes, mucus, white blood cells, epithelial
cells (from which DNA can be extracted), glycoproteins, enzymes (such as amylase and
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lipase), antimicrobial agents such as secretory IgA and lysozyme. The enzymes found in
saliva are important in beginning the process of digestion of dietary starches and fats. These
enzymes also play a role in breaking down food particles entrapped within dental crevices,
thus protecting teeth from bacterial decay. Furthermore, saliva serves a lubricative function,
wetting food and permitting the initiation of swallowing, and protecting the mucosal surfaces
of the oral cavity from desiccation. VVarious animal species have special uses for saliva that
go beyond predigestion. Some swifts use their gummy saliva to build nests. Aerodramus
nests form the basis of bird’s nest soup [1-4].

Corrosion resistance of various metals and alloys in artificial saliva in presence and
absence of various tablets, food additives etc. have been investigated. Corrosion resistance
of metals and alloys such as SS 316L, aluminum, nickel—titanium alloy in artificial saliva
have been investigated [5, 6].

Kaminski et al. have investigated the effect of glow discharge nitriding on the corrosion
resistance of stainless steel orthodontic arches in artificial saliva solution [7].

They have carried out a comparative study on orthodontic arch-wires AlISI 304 steel
before and after low temperature plasma nitriding. Polarisation study and AC impedance
spectra have been employed for this purpose. Microhardness was measured before and after
treatment.

The influence of snake fruit extract (Salacca zalacca) in inhibiting the release of
chromium (Cr) and nickel (Ni) ion from stainless steel orthodontic wire to saliva has been
investigated by Erwansyah and Susilowati [8]. Cr and Ni ion release was measured using
atomic absorption spectrophotometry. The investigation was made on control group and
treatment groups. Pre-tests and post-tests were conducted. It is evident from this study that
Snake fruit seeds extract effectively inhibits the Ni ions release from stainless steel
orthodontic wire at a concentration of 300 ppm.

Musa Trolic et al. have examined the influence of probiotic supplements recommended
for use in orthodontic patients on the corrosion stability of stainless steel and three types of
NiTi orthodontic wires [9]. The corrosion resistance was measured by polarization study and
AC impedance spectra. It was observed that probiotic bacteria L. reuteri and probiotic
supplement influence on a general corrosion rate as well as on likelihood of pitting corrosion
occurrence. It was also noticed that their effect is dependent on the type of alloy and coating.

316L Stainless steels are widely used in biomedical applications with respect to their
excellent corrosion resistance, nonmagnetic properties, high ductility and acceptable
biocompatibility. There have been made electrochemical studies in vitro in order to
determine the corrosion reactions, which are necessary for foreseeing the behavior of the
materials used in orthodontic applications. The degradation of metals and alloys in the
human body is a combination of effects due to corrosion and mechanical activities. In
dentistry, 316L stainless steel are used in a variety of applications: sterilized instruments,
endodontic files in root canal therapy, metal posts in root canal treated teeth, temporary
crowns, arch wires and brackets in orthodontics, a necessary condition for these applications
must to resist to pitting corrosion [10].
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In the present work corrosion resistance of SS 316L in artificial saliva in presence and
absence of Roseday-5 tablet has been investigated.

Materials and methods

Preparation of the metal specimens

A thin wire metal specimen namely SS 316L alloy is utilized as test material for this work.
The chemical composition of the alloy is as follows: 18% Cr, 12% Ni, 2.5% Mo, C<0.03%,
and balance is Fe.

Procedure

The orthodontic wire was encapsulated in Teflon rod. Prior to the surface treatment, the
specimens were subjected to surface polishing. They were degreased with trichloroethylene
followed by mechanical polishing with different polishing papers (Course, Medium, Fine &
Extra fine). The specimens were rinsed with ethanol followed by distilled water and dried
with a clean tissue paper. Finally the specimens were kept in desiccators until use.

Preparation of artificial saliva

The corrosion resistance of orthodontic wire made of SS 316L alloy in artificial saliva (AS)
in presence of was used as corrosive medium to explore the inhibition potential of Roseday-
5 tablet was measured. The preparation of artificial saliva was done using the composition
of Fusayama Meyer artificial saliva (AS). Artificial saliva was prepared in laboratory and
the composition of artificial saliva was as follows: KCI — 0.4 g/L, NaCl -0.4 g/L,
CaCl,2H,0-0.906 g/L, NaH,PO,4-2H,0 —0.690 g/L, Na,S-9H,0 —0.005 g/L,urea—1 g/L.

Roseday-5 mg

Roseday-5 mg (ROSEDAY 5 M) tablet is used to reduce the level of bad cholesterol in the
body. It is also used in the treatment of long-term complications such as heart disease or
stroke. A proper diet and regular exercise should be maintained along with taking this
medicine. Moreover, this medicine is used in reducing the amount of cholesterol in children
and patients between 10 to 17 years of age suffering from hypercholesterolemia (a genetic
disorder) [11].

Potentiodynamic polarization study

In the present study, Polarization studies were carried out in a CHI Electrochemical work
station | analyzer, model 660A. It was provided with automatic iR compensation facility. A
three electrodes cell assembly was used. The working electrode was SS 316L alloy. A
saturated calomel electrode (SCE) was the reference electrode and platinum was the counter
electrode. A time interval of 5 to 10 minutes was given for the system to attain a steady state
open circuit potential. The working electrode and platinum electrode were immersed in
artificial saliva in the absence and presence of inhibitor. Saturated calomel electrode was
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connected with the test solution through a salt bridge. From the polarization study, corrosion
parameters such as corrosion potential (Ecorr), corrosion current (leor), Tafel slopes (b, and
bc) and linear polarization resistance (LPR) were calculated. During the polarization study,
the scan rate (V/s) = 0.01; hold time at E¢ (s) = 0 and quiet time (s) =2 [12, 13]. Scan rate
(V/s) refers to potential scan rate. Hold time at final E (s) refers to potential hold time after
the 1% sweep segment. In E¢ (), Ef means final potential and “s” refers to second. Quiet time
(s) refers to quiescent time before potential scan.

AC impedance measurements

Impedance is a measure of the ability of a circuit to resist the flow of electrical current,
Electrochemical impedance is usually measured by applying an AC potential to an
electrochemical cell and then measuring the current through the cell. Electrochemical
impedance is normally measured using a small excitation signal.

AC impedance studies were carried out in electrochemical impedance work station
analyzer model CHI 660A three electrodes cell assembly was used. The working electrode
was used as SS 316L alloy. A saturated calomel electrode (SCE) was used as the reference
electrode and a rectangular platinum foil was used as the counter electrode. AC impedance
spectra were recorded after doing iR compensation. The real part (Z") and imaginary part
(Z7) of the cell impedance were measured in Ohms at various frequencies. The corrosion
parameters such as charge transfer resistance (R;) and the double layer capacitance (Cq) were
calculated. During AC impedance spectra recording, the amplitude (V) = 0.005 and quiet
time (s) = 2. Quiet time (s) refers to quiescent time before potential scan. Amplitude refers
to displacement. Cg values were calculated using the following relationship.

Ri= (Rs+Rt)_Rs (1)
_ 1
Ca=331aR T )

Where R is the solution resistance and fna IS the frequency at maximum imaginary
impedance [14].

Results and discussion
Influence of Roseday-5 mg on SS 316L alloy

Analysis of potentiodynamic polarization study

Electrochemical studies such as polarization study and AC impedance spectra have been
extensively used in corrosion inhibition study to know the mechanistic aspects of corrosion
inhibition [15-19].

Corrosion resistance of SS 316L alloy in artificial saliva in presence of Roseday-5 mg
IS given in the Table 1. The polarization curves of SS 316L alloy immersed in various test
solutions are shown in Figures 1 and 2. The linear polarization resistance value of SS 316L
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in artificial saliva in the absence and presence of Roseday-5 tablet is compared in Table 2
and graphically in Figure 3.

Table 1. Corrosion parameters of SS 316L alloy immersed in artificial saliva (AS) in the absence and
presence of Roseday-5 obtained by polarization study.

ECOI’I’ bC ba LP R I corr

System Vsce V/decade V/decade Ohm-cm? A/cm?

Artificial saliva —0.483 6.143 3.667 1973954 2.245-10°8
AS+Roseday-5 —0.476 6.133 3.764 2053646 2.139-10°8
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Figure 1. Polarization curve of SS 316L alloy immersed in artificial saliva.
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Figure 2. Polarization curve of SS 316L alloy immersed in artificial saliva in the presence of
Roseday-5.
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Table 2. Comparison of linear polarization resistance in the absence and presence of Roseday-5.

LPR,
System Ohm-cm?
Artificial saliva 1973954
AS + Roseday-5 2053646
SS316 L LPR Ohmcm2
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1960000 |
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Artificial Saliva AS+ Roseday 5 |
m LPR Ohmcm2 1973954 2053646 |

Comparison of LPR values

Figure 3. Comparison of linear polarization resistance value of SS 316L alloy in the absence
and presence of Roseday-5.

When SS 316L alloy is immersed in artificial saliva, E¢r (corrosion potential) is
—0.483. The corrosion current (leor) is 2.245-108 A/cm?. Cathodic Tafel slope (b.) is
6.143 VV/decade. The anodic Tafel slope (b,) is 3.667 VV/decade. The linear polarization
resistance (LPR) is 1973954 Ohm-cm?.

Influence of Roseday -5mg as revealed by polarisation study

When Roseday-5 mg is added to artificial saliva, the corrosion potential (Ecorr) is —0.476.
The corrosion current (leor) is 2.139-108 A/cm?.  Cathodic Tafel slope (b)) is
6.143 VV/decade. The anodic Tafel slope (b,) is 3.764 VV/decade. The linear polarization
resistance (LPR) is 2053646 Ohm-cm?,

It is observed from the Table 1 that when Roseday-5 mg is added to AS, The LPR value
increases from 1973954 Ohm-cm? to 2053646 Ohm-cm?. The corrosion current decreases
from 2.245-10%t0 2.139-10% A/cm?.

This indicates that in presence of Roseday-5 mg, the corrosion resistance of SS 316L
alloy in artificial saliva increases. Hence people clipped with orthodontic wire made of SS
316L alloy need not hesitate to take Roseday-5 mg orally.
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Implication

It is concluded that people clipped with orthodontic wire made of SS 316L alloy need not
hesitate to take Roseday-5 mg orally.

Analysis of AC impedance spectra

The AC impedance parameters of SS 316L alloy immersed in various test solutions are given
in Table 3. The Nyquist plots are shown in Figure 4, Figure 5. The Bode plots are shown in
Figures 6 and 7. The charge transfer resistance (R;) and double layer capacitance values (Cq)
are derived from Nyquist plot. The impedance values are derived from Bode plot.

The charge transfer resistance (R;) values of SS 316L in artificial saliva in the absence
and presence of Roseday-5 tablet are compared in Table 4 and graphically in Figure 8.

Table 3. Corrosion parameters of SS 316L alloy immersed in artificial saliva (AS) in the absence and
presence of Roseday-5 obtained by AC impedance spectra.

Svstern Rt Cal Impedance
y Ohm-cm? F/cm? log(z/Ohm)
Acrtificial saliva 320260 1.5925-1071¢ 5.828
AS+Roseday-5 416460 1.2246-10°1 5.901
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Figure 4. AC impedance spectra of SS 316L alloy immersed in artificial saliva.
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Figure 5. AC impedance spectra of SS 316L alloy immersed in artificial saliva in the presence

of Roseday-5.
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Figure 6. AC impedance spectrum of SS 316L alloy immersed in artificial saliva (Bode plot).

Table 4. Comparison of charge transfer resistance values in the absence and presence of Roseday-5.

Rt
System Ohm-cm2
Artificial saliva 320260
416460

AS+Roseday-5
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Figure 7. AC impedance spectrum of artificial saliva in the presence of Roseday-5 (Bode
Plot).
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Figure 8. Comparison of charge transfer resistance (R:) values of SS 316L alloy in the absence
and presence of Roseday-5.

When SS 316L alloy is immersed in artificial saliva, R; (charge transfer resistance) is
320260 Ohm-cm?. Cqy (double layer capacitance) is 1.5925-107'' F/cm?. Impedance is

5.828 log Z/Ohm.
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Influence of Roseday-5mg as revealed by AC Impedance spectra

When Roseday-5 mg is added to artificial saliva, the R; (charge transfer resistance) is
416460 Ohm-cm?. Cy (double layer capacitance) is 1.2246-107' F/cm?. Impedance is
5.901 log Z/Ohm. It is observed from the Table 3 that when Roseday-5 mg is added to AS,
the R; value increases from 320260 to 416460 Ohm-cm?. Double layer capacitance decreases
from 1.5925-10% to 1.2246-10** F/cm?,

This indicates that in presence of Roseday-5 mg, the corrosion resistance of SS 316L
alloy in artificial saliva increases. Hence people clipped with orthodontic wire made of SS
316L alloy need not hesitate to take Roseday-5 mg orally.

Implication

Based on the results of polarisation study and AC Impedance spectra, it is concluded that
people clipped with orthodontic wire made of SS 316L alloy need not hesitate to take
Roseday-5mg orally.

Conclusions

e The corrosion resistance of SS 316L alloy in artificial saliva, in the absence and presence
of Roseday-5 mg has been evaluated by polarization study and AC impedance spectra.

e Polarisation study reveals that in the presence of Roseday-5 mg, LPR value increases and
corrosion current decreases.

e That is, in presence of Roseday-5 mg, the corrosion resistance of SS 316L alloy in
artificial saliva increases.

e AC impedance study reveals that in the presence of Roseday-5 mg, R; value increases and
Cal decreases.

e That is in the presence of Roseday-5 mg the corrosion resistance of SS 316L alloy in AS
Increases.

e It is concluded that people clipped with orthodontic wire made of SS 316L alloy need not
hesitate to take Roseday-5 mg orally.
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