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In this study, we invistegate the effect of connecting two similar cp titanium implant fixtures and the
immersion time on the electrochemical behavior of these implant fixture system using Straumann®
(Institute Straumann, Basel, Switzerland) coupled with cobalt chrome framework in artificial saliva.
The two implant fixtures had the same composition, diameter, length and surface treatment. The
corrosion measurements were carried out using open-circuit potential, cyclic potentiodynamic
polarization, electrochemical impedance spectroscopy, and chronoamperometric current-time
measurements. The surface morphology and the elements analysis for the corroded samples were
investigated using scanning electron microscope and energy dispersive X-ray analyzer. The effect of
prolonging the period of immersion time on the corrosion of the couple in the saliva from 1 to 24 and
further to 48 h before measurements was also reported. It has been found that the tested implant system
has high passivation against corrosion and the intensity of its uniform corrosion increases with
increasing the immersion time in the artificial saliva from 1 to 24 and further to 48 h. This was
confirmed by the remarkable increase in the values of corrosion current and the decrease in the
polarization resistance values over time. On the other hand, the severity of pitting corrosion was
noticed to decrease with time, which was indicated via decreasing the area of hysteresis loop and
shifting the values of the protection potential to more positive direction.
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1. INTRODUCTION

The use of dental implant in replacing missing teeth becomes an integral treatment modality in
dentistry. Different materials have been employed for dental implants. Commercially pure titanium
(CP Ti) and titanium-aluminum-vanadium alloy (Ti-6Al-4V) are most widely used biomaterial [1].
Those materials became popular due to chemical resistance, mechanical strength, low toxicity,
lightness and excellent biocompatibility [2]. Ti and its alloys have the tendency to react with oxygen to
form a stable oxide layer (TiO2) [3]. This oxide layer is responsible for chemical stability and
corrosion resistance of titanium [4]. The types of corrosive reactions that occur in the oral cavity
are electrochemical (wet corrosion). Electrochemical corrosion requires the presence of water or other
electrolytes. In the oral cavity saliva plays that role. There are various types of corrosion that can be
developed in the oral cavity such as galvanic, fretting, pitting and uniform corrosion [5]. Galvanic
corrosion is a phenomenon attributed to a potential difference between two different metallic materials
connected through a circuit and current flows from more active metal (anode) to the more noble metal
(cathode) in a corrosive environment like saliva. Titanium is anodic to noble alloys and cathodic to
base metal alloys [5].

Titanium implants coexist with different metallic dental superstructures and other dental
restorations in a patient mouth. This complexity can be linked to the occurrence of galvanic corrosion
creating galvanic current, which passes through the surrounding tissues causing sharp pain when
exceeds 20 mA [6]. Extensive release of metal ions from a prosthetic device can result in adverse
biological reactions and can lead to mechanical failure of the device itself [7]. According to Geis-
Gerstorfer et al., the galvanic corrosion of dental devices may adversely affect the surrounding tissues
in two mechanisms: 1) the biological effects, which may result from the dissolution of alloys 2) the
galvanic cell that causes current flow and could also cause bone destruction [8]. Venugopalan and
Lucas [9] found that noble alloys such as gold, silver, and palladium-based alloys coupled to titanium
are least susceptible to galvanic corrosion.

A study in 2013 [10] evaluated and compared the electrochemical corrosion behavior CP Ti
and Ti6Al4V when coupled to the following commercially available noble dental alloys (Au alloys Ag
alloys and Pd alloys) It was found that metallic coupling between Au-based alloys and CP Ti delivered
the lowest galvanic currents (4uA cm’2), while coupling Ag alloys with CP Ti delivered currents that
was 10times higher (44 pA cm™) [10].

Additionally, materials such as Pontallor (Au-based), Ternary Ti, R800 (Co-Cr alloy) and
Jelstar (Ag-Pd alloy), respectively were found to have the highest galvanic corrosion resistant alloys
when coupled with titanium implant abutment. On the other hand, RCS (Ni—Cr) alloy was found to be
highly susceptible to galvanic corrosion [11]. Those findings have been supported by many other
studies [12-15]. Additional other studies evaluated the electrochemical properties of superstructures
coupled to a titanium implant. Photomicrographs after electrochemical testing showed crevice or
pitting corrosion at the junctional gap as well as at the superstructure surface [13].

There are additional factors that may affect the corrosion resistance such as electrode potential,
polarization, surface area ratio of anode/cathode, distance between the electrodes, structure of the
electrode surface, aeration, temperature, pH and composition of the electrolyte [16]. A single dental
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implant is used for treatment the single missing tooth. However, in most of the partially edentulous
dental patient and complete edentulous patient a prosthodontist will treat a patient by connecting two
or more implant fixtures utilizing a single metal superstructure. In such scenario, alteration of
corrosion properties of the two implants may occur. Corrosion and electrochemical properties have not
been studied previously for two implants connected by single metal superstructure.

This study aims at evaluating the corrosion behavior in artificial saliva of the couple between
two Straumann® implant fixture, which were connected by a single Co-Cr metallic superstructure.

2. MATERIALS AND METHODS

Two dental implant fixutres made of Tapered effect Straumann® (Institut Straumann, Basel,
Switzerland) with SLA® surface were investigated in this study. The diameter, length, and surface
treatment selected for the fixtures were to simulate the commonly used dimensions in routine clinical
procedures. The nominal elemental composition for the implant fixture, screw, abutment and
superstructure are presented in Table 1.

2.1. Fabrication of Master Models and Framework:

Resin blocks were made in the following dimensions: 20 mm in height, 30 mm in width and 10
mm in thickness. Two 2mm deep holes drilled using a 2mm bur (Ferraro Engineering, Hereford, AZ).
Two of them were placed parallel to each other with a distance of 10 mm between the two holes
indicates the location of implants. A custom-made rubber model former (Deguform plus, Dentsply
company, Germany) of the resin block was fabricated. The model former was lubricated with Vaseline
(Equate Nursery Jelly, Wal-Mart Stores. Inc) and autopolymerizing acrylic resin (Orthoresin Clear,
DeguDent GmbH, Germany) was poured into it and allowed to set. Twelve resin blocks poured using
the same custom rubber former.

The resin blocks were held in a vertical milling machine (Ferraro Engineering, Hereford, AZ),
and holes matching the depth, diameter and angulations of the implants were made. A 4mm twist drill
(Ferraro Engineering, Hereford, AZ) was used to prepare the holes (4x10mm). The two implants were
placed at 50 RPMs (Motor unit Nobel Biocare USA, Yorba Linda, CA) into the resin block leaving
only 3 exposed threads (2mm).[s1]

The framework of this couple was prepared as following; a synOcta abutment (RN synOcta.
1.5 screw-retained abutment, height 1.5 mm, titanium alloy) screwed to the Straumann implant fixture
and a burn out plastic coping (RN synOcta plastic coping for synOcta 1.5,bar, height 10.0 mm) was
snapped on the synOcta abutment. A plastic bar pattern was positioned between the 2 plastic cylinders
in the same location using a silicone matrix. The plastic bar patterns were luted to the plastic cylinders
with pattern resin material (Pattern Resin, GC America Inc., Chicago, IL, USA). The specimens were
sprued and invested in a gypsum bonded investment (Prestobalite, Whip Mix Corp., Louisville, KY,
USA). In order to attain enough setting expansion compensating the shrinkage of alloy during the
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casting process, an asbestos liner was laid out on the inner surface of the casting rings. All bars were
cast using Co-Cr alloy via 2-stage burnout cycle; i.e., heating up to 300°C held for 30 minutes then
heating again up to 650°C held for 90 minutes. Conventional lost wax technique, which is used with
centrifugal casting machines, was performed. Cooling down the specimens to room temperature after
casting was allowed. Air chisel was used to remove the bulk of investment followed by ultrasonic
cleaning, air abrasion and polishing. The cast bar screwed to the implants using titanium Occlusal
screw (SCS Occlusal screw, institute Straumann, Basel, Switzerland).

Table 1. Alloys composition in wt% for implant system component and the Co-Cr metal bar.

System Alloy type Composition (%owt)
(OFeCNHTI)
Implant fixture Commercially O: 0.40 max, Fe: 0.50 max, C: 0.10max, N: 0.05
Pure Ti (grade 4) max H: 0.012 max. Ti: balance
synOcta
abutment N: 0.05 max, C: 0.08 max, H: 0.012max, Fe:
Ti-6Al-4V 0.012 max, O: 0.13 max., Al 5.5-6.5,V: 3.5 -
Screw Ti alloy 4.5, Ti: balance
Wirobond 280 Co-Cr alloy Co: 60.2, Cr: 25.0, W: 6.2, Mo: 4.8, Ga: 2.9, Si,Mn < 1)

2.2. Test solution

The employed electrolyte in this study was artificial saliva with a temperature of 37 °C and pH
of 6.70. The chemical composition of the artificial saliva is shown in Table 2. The composition given
in Table 1 is based on ISO/CD 10271 “Dental Metallic Materials-Corrosion Test Methods" (ISO
2011). The pH value was determined by using pH meter and adjusted to pH 6.7 by adding drops of
lactic acid when needed and diluted with distilled deionized water to a final volume of 1000 ml. The
employed pH meter was calibrated by using a series of known buffer solutions prior to testing. The
temperature of the solution was controlled by the use of a thermostat. The artificial saliva was freshly
prepared every time before running the experiment.

Table 2. Chemical compositions of the artificial saliva.

Compound Urea | NaHCO; | KCI | NaCl | KSCN | Na;HPO,4 | K;HPO,4 | Lactic acid

Composition (g/dm®) | 1.50 1.50 1.20 | 0.70 0.33 0.26 0.20 Up to pH 6.7
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2.3. Corrosion test measurements

A conventional three-electrode electrochemical cell was used in this study. An Ag/AgCl acted
as a reference electrode, the platinum foil as a counter electrode and our samples as the working
electrode. An Autolab Potentiostat (Metrohm, Netherlands) run via the general purpose
electrochemical software version 4.9 was used to perform the electrochemical. The open-circuit
potential was measured versus time over a certain period of time. The cyclic potentiodynamic
polarization (CPP) measurements were carried out by scanning the potential from -800 mV in the
anodic direction to 1000 mV at a scan rate of 3mV/s.

The potential was rescanned again in the reverse direction till the backward current intersects
with the forward one. The electrochemical impedance spectroscopy (EIS) measurements were
performed at corrosion potentials over a frequency range of 100 kHz to 100 mHz, with an ac wave of +
5 mV peak-to-peak overlaid on a dc bias potential, and the impedance data were collected using
Powersine software at a rate of 10 points per decade change in frequency. Potentiostatic current—time
experiments were carried out by applying a potential value of 500 mV versus Ag/AgCl for 60 minutes.
All electrochemical measurements were carried out after immersing the samples in the artificial saliva
for 1, 24, and 48 h at room temperature. All experiments were performed 3 times using a new portion
of the solution and a fresh surface of the implant fixtures. For morphology studies, SEM micrographs
were collected using a scanning electron microscope (JEOL, Japan) at several defined areas of the two
implant fixtures and at different magnifications. The elemental analysis of the corroded surface was
done using an energy dispersive X-ray analyzer coupled to the SEM device.

3. RESULTS AND DISCUSSION

3.1. Open circuit potential (OCP) measurements
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Figure 1. Change of the open-circuit potential versus time for the couple in the artificial saliva.
Figure 1 shows the change of the open-circuit potential versus time for the couple in the

artificial saliva. It is seen from Figure 1 that the potential of the couple abruptly shifted towards the
negative direction from the first moment of its immersion and till the first 300 s. Most probably, the
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dissolution of a per air oxide film that was formed on the exposed surface of the implant fixtures to the
atmosphere [16]. Increasing the immersion time allowed the potential to slightly shift in the less
negative direction as a result of oxide film and/or corrosion product formation on the surface of the
implant systems. The potential continues decreasing with a slight shift in the less negative direction
with increasing time of immersion until it gets stabilized before the end of the run. This is because the
occurrence of equilibrium between the dissolution and formation of an oxide layer. Tang et al. [17]
have reported a similar potential behavior for Ti coupled to Co-Cr framework that were immersed in
artificial saliva.

3.2. Cyclic potentiodynamic polarization (CPP) measurements

In order to assess the kinetics of corrosion processes and to report the effect of immersion time
on the corrosion behavior of the two implants, the CPP measurements were carried out after varied
exposure periods of time. Figure 2 presents a set of polarization curves obtained for the two dental
implant fixtures after its immersion in artificial saliva for (a) 1, (b) 24 and (c) 48 h, respectively. The
corrosion parameters obtained from the curves are listed in Table 3. These parameters are the cathodic
Tafel slope (Bc), anodic Tafel slope (Ba), corrosion potential (Ecorr), the corrosion current (jcorr),
protection potential (Eprot), and polarization resistance (Rp). The values of B¢ and Ba were obtained
from the slopes of cathodic and anodic lines drawn by extrapolating a tangent to the linearized current
regions. The values of jcorr and Ecorr Were obtained from the intersection of the extrapolated anodic and
cathodic Tafel lines located next to the linearized current regions. The values of Rp were calculated
from the values of Bc, Pa, and jcorr USiNg Stern—Geary equation as follows [18-20]:

p— 1 ﬂcﬂa
Rp = 1
S, (2.3 (ﬂcﬁa)] @

It is seen from Figure 2a that upon applying the negative potential the current decreases in the
cathodic branch due to the reduction reaction that takes place at surface of the exposed implant
fixtures. It has been reported [21-26] that the cathodic reaction of metals and alloys in aerated neutral
solutions is the oxygen reduction, which can be expressed as follows;

O, +2H,0+4e” = 40H" (2

The electrons consumed at the cathode resulted from the anodic reaction, which is the
dissolution of the active metals in the implant system alloy. The current slightly increased with
increasing and over a wide range of the applied potential in the positive direction due to the high
corrosion resistance of the coupled implants. It is also noted that the current in the backward direction
is higher than the current in the forward one at the highest values of the applied potential, which
indicates on the occurrence of pitting corrosion. The appearance of a hysteresis loop gives also another
indication on the occurrence of pitting attack. The value of Epy listed in Table 3 for the coupled
implant fixtures immersed for 1 h in the artificial saliva recorded 782 mV. After this value of potential,
which is very high compared to most of metals and alloys at similar conditions, the pitting corrosion
takes place.
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Figure 2. Cyclic potentiodynamic polarization curves obtained for the implant fixtures after its
immersion in artificial saliva for (a) 1, (b) 24, and (c) 48 h, respectively.

Table 3. Corrosion parameters of the assembly after different exposure periods of time in the saliva
test solution, which were obtained from the polarization curves.

Immersion Corrosion parameters
period ] . i~ | R,/
(Hours) B./ mV/dec! | Econ/ mV | PBa/ mVdec™ “fg"gm_z Eprot/MV| | F’sz
1 140 -475 240 0.27 782 14.238
24 168 -445 210 0.30 838 13.266
48 155 -440 180 0.35 842 10.194

Prolonging the exposure time to 24 h, Figure 2b, increased the cathodic and anodic currents as
well as, the value of jcor. This effect also decreased the value of Rp and shifted Ecor to the less
negative value as can be seen from Table 3. The latter is in accordance to previous findings where the
Ecorr Values shifted towards noble potentials after prolonged immersion [27-28]. This indicates that the
increase of immersion time to 24 h increases the uniform corrosion of the implants surface. On the
other hand, the pitting corrosion decreased because the value of Ep; Was shifted to 838 mV (Ag/AgCl)
and also the decrease in the area of the hysteresis loop compared to that obtained for the implants after
its immersion for only 1.0 h. Increasing the immersion time to 48 h (Figure 2c) further increased the
intensity of uniform corrosion of the implant surface through increasing the value jcorr and decreasing
the value of Rp (see also Table 3). The increase of time to 48 h also decreased the severity of pitting
corrosion via decreasing the area of the hysteresis loop and shifting the value of Epy: to the most
positive potential value.
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3.3. Electrochemical impedance spectroscopy (EIS) measurements
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Figure 3. Typical Nyquist plots obtained for the implant fixtures after its immersion in the artificial
saliva for 1(1), (b) 24(2) and 48 h (3), respectively.

EIS technique has been successfully used to explain the kinetic parameters for electron transfer
reactions at the implant/salvia interface and to understand the mechanism of corrosion and passivation
phenomena for metallic materials in various media conditions [297-363]. Figure 3 shows the typical
Nyquist plots obtained for the implant after its immersion in artificial saliva for 1(1), (b) 24(2) and 48
h (3), respectively. The data obtained from Figure 3 were inserted to professional software and was
found to be best fitted to the equivalent circuit model presented in Figure 4. This equivalent circuit
refers to the presence of a duplex oxide layer; the inner barrier film represented by Rp, and Cg but the
outer layer is due to the presence a wall capacitance, which is represented by Q and a polarization
resistance Rp; inside the pores. The overall solution resistance is represented by Rs. The values of all
these impedance parameters are displayed in Table 4.

Figure 4. The equivalent circuit model used to fit the EIS experimental data.

Figure 3 displays that only one semicircle is obtained for the implant fixtures, whose diameter
gets decreased with the increase of immersion time to 24 h and further to 48 h. The increase of the
diameter of the semicircle gives indications on the higher passivation of the surface against corrosion.
This reveals that the increase of exposure period increases the corrosion of the implants and agrees
with the data obtained from cyclic polarization measurements. Table 4 confirmed also that because the
listed values of all resistances (Rs, Rp1, and Rp,) decreased with the increase of immersion time. Here,
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the values of Q (CPEs) with their n values close to unity represent double layer capacitors, which
indicate that the outer layer formed on the exposed surface of the dental implants contains some pores
from which the corrosion takes place. In addition to that the recorded values for Q and Cq increased
with the increase of immersion time and confirm also that the corrosion of the implants increased with
the increase of immersion time.

Table 4. Electrochemical impedance spectroscopy parameters obtained the couple after different
exposure periods of time in the saliva test solution.

EIS Parameter
Immersion period Q
(Hours) Rs , v Rp1 , Cdl(_Lle Rp2 ,
(Q cm?) (uF C?n'z) n (Q cm?) cm™) (Q cm?)
1 56.78 0.6526 0.83 5460 2.827 8296
24 49.6 0.9035 0.82 3764 2.936 6302
48 44.15 1.0391 0.83 4482 3.012 5304
104 I -;:':—:,:.‘ 1
Ng 103 2 :::::::‘.
a [ : 1 1
= 3
N 10°}
10" bu - ettt

10° 10" 10° 10° 10
Frequency / Hz

Figure 5. Bode impedance (|Z]) plots obtained for the sample after its immersion in artificial saliva for
(1) 1, (2) 24 and (3) 48 h respectively.

In order to better report the effect of increasing the exposure period of time on the corrosion
behavior of the sample in the artificial saliva, Bode impedance was also plotted. The change of the
Bode impedance of the interface (|Z|) with frequency for the implants that were immersed in the
artificial saliva for (1) 1.0 h, (2) 24 h and (3) 48 h is shown in Figure 5. The change of the Bode phase
angle (@) with frequency for the implants in the saliva solution at the same condition is also depicted
in Figure 6. It is seen from Figure 5 that the highest values of |Z|, particularly at the low frequency
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region were recorded for the implant fixtures that were immersed for only 1h. Increasing the
immersion time is noticed to decrease the values of |Z|. It has been reported [34] that the higher the
values of |Z|, especially at lower frequency range, the higher the corrosion resistance of the sample
under investigation. Moreover, the decrease in the value of ® at its maximum at low frequency values
with the increase of immersion time period as seen from Figure 6 are due to the decrease of corrosion
resistance. This confirms that the highest corrosion resistance is recorded for the sample that was
immersed in the saliva for only 1 h and that the increase of immersion time decreases the corrosion
resistance.

20F

Phase ang. / deg.
5

o

Frequency / Hz

Figure 6. Bode phase angle (®) plots obtained for the sample after its immersion in artificial saliva for
(1) 1, (2) 24 and (3) 48 h respectively.

3.4. Chronoamperometric current-time measurements

The chronoamperometric current-time curves obtained for the couple after its immersion in
artificial saliva for (1) 1 h, (2) 24 h, and (3) 48 h, respectively before stepping the potential to 500 mV
vs. Ag/AgCI are shown in Figure 7. This current-time technique was employed to report the effect of
increasing immersion time before measurement on the intensity of both uniform and pitting corrosion
of the implant surface in the saliva test solution. It is seen from Figure 7 that the lowest current values
were obtained for the implant system that was immersed for only 1h in saliva before measurement
(curve 1). Where, the current rapidly decreased from the first moment of applying potential then
slightly increased before decreased again and finally stabilized till the end of the run a curve shape that
IS in accordance to previous reports [37,38]. Increasing the immersion time to 24 h showed almost the
same current-time behavior with higher absolute current values. Further increasing the immersion time
did not change the behavior but increased the absolute current values. This behavior indicates that the
increase of immersion time increases the severity of the uniform corrosion via increasing the absolute
current values. Also, the pitting corrosion of the exposed implants surfaces does not occur at the
chosen applied potential, which is in good agreement with the cyclic polarization behavior for the
sample at the same condition. Although, the applied potential is very high, the output current recorded
low values even after 48 h immersion in the artificial saliva, which indicates that the connected
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implants have high corrosion resistance.
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Figure 7. Chronoamperometric current-time curves obtained for the couple after its immersion in
artificial saliva for (1) 1, (2) 24and (3) 48 h, respectively before stepping the potential to 500
mV vs. Ag/AgCI.

3.5. Scanning electron microscope (SEM) and X-ray energy dispersive spectroscopy (EDX) analysis

The SEM micrographs and EDX spectra for the implant system were carried out in order to see
whether pitting corrosion occurs at 500 mV as a constant potential and to know which part of the
couple corrodes more. Figure 8 shows the obtained SEM micrographs (a) and (b) for first Right
implant, while (c) and (d) are the SEM images for the left implant in the couple, respectively after
immersing the whole assembly for 48 h in the artificial saliva before stepping the potential to 500 mV
vs. Ag/AgCl for 1 h. The EDX profile analyses obtained from the surfaces depicted in Figure 8 for the
Right and left implant are shown in Figure 9a and Figure 9b, respectively. It is seen from Figure 8 and
although the alloys had the same chemical compositions that the Right implant did not suffer severe
corrosion and looks completely protect. On the other hand, the left implant of the couple was severely
corroded. This can be explained on the basis of galvanic corrosion that the right implant worked as
cathode, which got protected due to the scarification of the left implant via its high dissolution.
Increasing the immersion time was found to increase that effect as a result of the increase of potential
difference between the two alloys with time. This was indicated by increasing the absolute current seen
from Figure 7 (curve 3) with the longest immersion time, 48 h, before applying a fixed value of anodic
potential, 500 mV.
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Figure 8. The obtained SEM micrographs (a) and (b) for Right Straumann® implant; and (c) and (d)
for the left Straumann® implant in the couple, respectively after immersing the whole assembly
for 48 h in the artificial saliva before stepping the potential to 500 mV for 1h.
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Figure 9. The EDX spectra obtained for the surfaces shown in Figure 6 for (a) the Right Straumann®
implant and (b) the left Straumann® implant, respectively.

The weight percentages (wt. %) for the elements obtained from the EDX analysis of the Right
Struamann implant (Figure 9a) were 95.69 Ti and 4.31 C. The high percentage of Ti indicates that the
alloy did not suffer any dissolution and is fully protected while Cis mainly appended to suface
contamination.

On the other hand, the elemental composition obtained from the surface of the left Struamann
implant (Figure 9b) were 77.71 Ti, 14.47 C, 6.54 O, and 1.28 Si. The presence of O and Si in the
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composition of the left implant indicates that its surface developed a layer of corrosion products as a
result of the dissolution of the alloy. The left Straumann implant suffered corrosion phenomena
compared to the Right implant of the couple. Si ions might leach from the connecting superrastructure
Co-Cr bar. Denoting The SEM and EDX results thus are in good agreement with the
chronoamperometric current-time curves shown in Figure 7 (curve 3) from which the increase of the
absolute current values was corrosponding to the increase of uniform corroison of the left implant in
the sample.

4. CONCLUSION

The effect of increasing immersion time from 1 h to 48 h in artificial saliva on the corrosion of
two coupled Straumann® alloys has been investigated. The open-circuit potential indicated that the
couple showed a less negative potential shift with increasing the time of immersion. Polarization data
revealed that the increase of immersion time increases the uniform corrosion of the implants surface
via increasing its corrosion current and corrosion rate and decreasing its corrosion resistance. This
effect was found to decrease the severity of pitting corrosion by shifting the protection potential of the
couple towards the more positive values. EIS measurements confirmed also that the increase of time of
immersion decreases the solution and polarization resistances of the implants as a result of the
increased corrosion attack of the saliva on the surface of the two coupled Straumann® implants. The
results obtained from chronoamperometric current-time showed that the pitting corrosion does not
occur at 500 mV vs. Ag/AgCI and the absolute current values increase with increasing the immersion
time as a result of the corrosiveness and harsh attack of the saliva onto the exposed surface of the
implant fixtures. SEM and EDX investigations confirmed also that only one of the two Straumann®
implant gets corroded, while the other one gets more protected. All results were in good agreement
with each other showed clearly that the corrosion of the implant system increases with increasing the
immersion time.
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