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Magnesium as biodegradable biomaterial could serve as bone augmentation material in implant dentistry. The
knowledge about the predictability of the biodegradation process is essential as this process needs to go hand in
hand with the formation of new bone to gradually replace the augmentation material. Therefore, this work aimed
to assess if the electrochemistry (EC) measurements of the corrosion process correlate with the surface features at
various time points during the surface degradation, in order to describe the degradation process of Mg and Mg
alloys more reliably, under the assumption that differences in EC behavior can be detected and related to specific
patterns on the surface.

In this test setup, a special optical chamber was used for electrochemical measurements on Mg and Mg-alloys
(Mg2Ag, Mg4Ag, and Mg6Ag). Specimens were investigated using different circulating cell culture solutions as
electrolytes, these were minimum essential medium (MEM), Hank’s Balanced Salt Solution (HBSS), and MEM+
(MEM with added sodium hydrogen carbonate) at 37 °C. Open circuit potential measurements (OCP) over 30 min
followed by cyclic polarization were performed. The electrochemistry data, including OCP, exchange current
density and corrosion potential, were compared with visible changes at the surface during these treatments over
time. The results show that the addition of silver (Ag) leads to a “standardization” of the degradation regardless
of the selected test medium. It is currently difficult to correlate the visible microscopic changes with the data
taken from the measurements. Therefore, further investigations are necessary.

1. Introduction has healed to a structurally sound degree [3,4].

Magnesium and Mg-alloys preferentially degrade non-uniformly [5].

Magnesium used as a base metal for implantable devices has a
number of favorable properties such as a low density, the possibility to
manufacture tiny structures, easiness of manipulation during surgery,
the properties of its degradation products (Mg2*ions) to promote the
deposition of calcium and phosphorus and the growth of compact bones
[1] as well as its complete degradation and absorption, making a second
operation unnecessary, e.g. when used as osteosynthesis material [2].

Compared to other biodegradable metals like zinc or iron, magne-
sium is chemically more reactive. The rapid degradation in a humid
physiological environment remains the main obstacle to widespread use,
as it leads to rapid loss of mechanical integrity followed by the structural
collapse of the magnesium-based implant, possibly even before the bone
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This is due to a complex degradation behavior and is based on the
galvanic coupling occurring where the anodic and the cathodic partial
reaction of the redox-reaction system take place on the same surface
area [6]. The consequence thereof is, that over the surface in contact
with the electrolyte (the body fluid or simulated body fluid) one part of
the surface is oxidized and degraded due to the anodic reaction (1),
while the two electrons are transferred to the cathodic partial reaction,
where hydrogen evolution (HE) takes place (2). The Hydrogen evolution
reaction (HER) is the main cathodic reaction during magnesium corro-
sion and occurs spontaneously [30-32]. Furthermore, the overall reac-
tion consumes H' ions causing a higher concentration of OH™ ions (3),
thus an increased pH in the physiological electrolyte, causing
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Table 1
The major components of MEM, HBSS and MEM plus (formulations offered by
manufacturer).

MEM (g/L) HBSS (g/L) MEM Plus (g/L)
NaCl 6.8 8 6.68
CaCl, 0.2 0.14 0.2
KCl 0.4 0.4 0.4
CaCl, 0.2 0.14 0.2
MgSO4 0.97 0.098 0.2
NaH3PO4 0.14 0.06 0.14
w/o Phenol red w/o Phenol red w/o Phenol red
Special Vitamins w/0 Amino Vitamins
additives Amino acids w/ acids Amino acids
oNaHCO3 NaHCO3 0.35 +0.35 g/L
KH,PO4 0.06 NaHCOs3
MgCl; 1.0

precipitation of magnesium phosphate and carbonate [7]. In the next
step, the dissolved Mg" and the OH™ ions precipitate as magnesium
hydroxide layer on the surface of the Mg or Mg alloys (4) [5,8].

2Mg — 2Mg" + e (anodic partial reaction) (@D)]
2H"+2¢~ —H, (cathodic partial reaction) 2
2Mg + 2H' +2H,0-2Mg*" +20H" +2H, (overall reaction) 3
Mg**+20H" —Mg (OH), (product formation, hydroxide layer) “4)
Mg (OH),+ 2C1~—=MgCl,+20H " 5)

Silver has been used by humans for thousands of years due to its
strong antibacterial effects. Already under Alexander the Great’s reign,
silver vessels were used to store drinking water and food [9]. The
formulation of silver has evolved from bulk silver in vessels and coins to
ionic silver supplemented as silver salts (such as AgNO3) or adsorbed on
carrier materials [10]. Silver exhibits low toxicity in the human body,
and minimal risk is expected due to clinical exposure by inhalation,
ingestion, dermal application or through the urological or hematoge-
nous route [11]. Innovative binary Mg-Ag alloys were built as bone
implant material to add antibacterial properties to biodegradable mag-
nesium. When combined with its propensity to degrade in physiological
conditions, the antibacterial property may last for the duration of the
implant. Among the criteria for determining biocompatibility and anti-
bacterial reaction [12], the various corrosion rates from aand  phases
influence the corrosion mechanism [13]. The corrosion potential of
Mg-Ag metal compounds is shifted in an anodic direction by adding
silver. Because these complex interactions remain a critical concern, it is
important to explore the corrosion behavior of magnesium-silver alloys
in detail [14,15].
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For in vitro experiments to study the biodegradation of Mg and Mg
alloys, various types of simulated body fluids have been used [27,28]. So
far, there is no clear consensus on the best type of environment to
simulate physiological in vivo conditions [16]. The corrosive environ-
ment of Mg in the human body is composed of 0.14 M NaCl solution and
a small amount of other inorganic substances (such as Ca2+, PO?{ and
HCO3%") [17]. The normal pH of blood is 7.4, generally buffered by the
CO2/HCO3 system [18]. The presence of chloride ions usually leads to
accelerated corrosion [19], since the formation of MgCl, releases OH™
ions from the precipitation layer (5), which in turn can react with the
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Fig. 2. Description of I vs. E curves (The blue circle marks the range of back-
ward scan for assessing I .o, the red circle for the forward scan and the red
arrows marked the scan direction and points of interest.). (For interpretation of
the references to color in this figure legend, the reader is referred to the Web
version of this article.)

Table 2
Surface roughness of specimens after polishing.
materials Sa Sa Sa Sa Sa +SD
(left) (right) (up) (down) (middle) (Sa)
Mg2Ag 1.426 1.688 1.706 1.523 1.747 0.1371
(pm)
Mg4Ag 1.018 1.233 0.963 1.034 1.187 0.1163
(pm)
MgbAg 1.352 0.932 1.097 0.908 1.138 0.1796
(pm)
Mg XHP 1.316 1.313 1.337 1.328 1.329 0.0099
Mg Pure 1.341 1.298 1.327 1.305 1.315 0.0172

microscopic view of the position
of the measurement areas onto
the surface of the specimen

Red - HBSS
Green-MEM+
Blue - MEM
Black — specimen

Fig. 1. left: electrochemical flow chamber under the video-microscope (magnification x135) right: the measurement areas on the surface of the specimen for each of

the electrolytes.
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Fig. 3. Initial states of MgXAg alloys before the electrochemical measurements in HBSS — MEM and MEM+-.
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Fig. 4. Comparison of the OCP vs. time curves of Mg XHP and Mg pure on the top and MgXAg (from left to right: 2Ag, 4Ag, 6Ag) in MEM, HBSS and MEM -+ at 37 °C
in a flow chamber.

dissolved Mg?" ions, while phosphates and carbonates may promote the

Table 3 formation of protective or partially protective corrosion products [12].
Final potential(V) after 30 min OCP in 3 different electrolytes. The presence of organic components, such as proteins, cells, or bacteria,
Mg/Mg alloys Mg XHP Mg pure Mg2Ag Mg4Ag Mg6Ag can additionally affect the corrosion reaction [20]. Compared to room
HBSS —1.920 _1.802 1652 1637 1.649 temperature, the body temperature of 37 °C can accelerate the corrosion
MEM _1.645 _1.768 _1.681 _1.653 _1.628 reaction on the one hand and modify it to some extent on the other, since
MEM+ -1.596 -1.613 ~1.608 the solubility of calcium phosphate is also dependent on the temperature
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Fig. 5. situation at the surface of MgXAg alloys after OCP measurements over 30 min in HBSS - MEM and MEM+-. Initial degradation is marked by red arrows. (For
interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 6a. Comparison of the electrochemical behavior of Mg XHP and Mg pure in HBSS (top) and MgXAgalloys (buttom) at 37 °C in a flow chamber.

[21]. These different influencing factors deriving from the bodily envi-
ronment make investigations of the corrosion process very complex and
thus challenging.

The results of many literature outcomes have plainly showed that the
consumption of Mg is exceptional regarding its electrochemical
behavior. In nature, the corrosion of Mg and its alloys is an
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electrochemical process, and their corrosion performance or character-
istics can be ultimately attributed to their electrochemical behavior.
Revealing the electrochemical reactions involved in the corrosion pro-
cess can provide a theoretical basis for understanding the characteristic
corrosion phenomena for Mg and its alloys [22]. Therefore, the study
aimed to correlate electrochemical (EC) measurements with surface
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Fig. 6b. Comparison of the I vs.E curves of cyclic polarization of Mg XHP and Mg pure in MEM (top) and MgXAg alloys (bottom) at 37 °C in a flow chamber.
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Fig. 6¢. Comparison of the I vs.E curves of cyclic polarization of MgXAg in MEM + at 37 °C in a flow chamber (the drop down in the curves in case of Mg4Ag is
caused by loss of electrical connection by hydrogen gas bubbles adhering to the surface of the specimen).

changes at different points in time under the influence of three different
electrolytes based on the cell culture medias HBSS and MEM to predict
the degradation process more reliably.

2. Material and method

In these experiments, MEM (Biochrom GmbH, Germany) and HBSS
(Life Technologies Limited, UK) buffers, commonly used in the litera-
ture, were selected. In contrast to MEM, where amino acids and vitamins
are added to the basic ingredients, HBSS contains additional NaHCO3
(Sigma-Aldrich Chemie GmbH, Germany), as shown in Table 1. To
better compare the corrosion process, in the MEM Plus group 0.35 g/L
sodium bicarbonate was added.

Mg XHP (purity: 99.99%) and Mg pure (purity: 99%), as well as three
Mg-Ag alloys - Mg2Ag, Mg4Ag and Mg6Ag which contain 1.87%, 3.82%
and 6.00% silver and 98%, 96% and 94% magnesium by weight,
respectively - were cast and processed with solution T4. All specimens
were cylindrical with a diameter of 10 mm and a thickness of 5 mm. In
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order to describe the initial degradation process in a time frame of 1 h,
an optical coupled electrochemical measurement set up was used [24].

2.1. Preparation of magnesium specimens

Mg XHP, Mg pure and MgXAg (X = 2,4,6) samples were prepared by
partial encapsulation in an epoxy resin to keep the sample intact during
grinding. The surface was ground from 800 till 2500 using silicon car-
bide sandpaper (150 mm Hermes, Germany) with water, then polished
with 1.0 pm silica suspension and etched by a solution, mainly con-
sisting of glacial acetic acid and picric acid, for 10 s for each specimen.
Afterwards, the surface of the specimens was washed with ethanol and
dried.

2.2. Grain size and roughness measurement

For comparison of the surface conditions the specimens were
inspected using a video microscope (Keyence VHX-5000, Japan) and the
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Table 4

The mean values + SD of Eqr and ico,r data from 5 cycles forward and backward
scan of Mg and MgXAg in HBSS, MEM and MEM + at 37 °C under flow
conditions.

forward 1[A] E[Vvs 1[A] E[Vvs 1[A] E[Vvs
HBSS SCE] MEM SCE] MEM-+ SCE]

Mg2Ag 2.2 x -1.508 3.73 x -1.513 6.15 x -1.414
107° 40,092 107° +0.052 10°° +0.028
+1.49 +4.74 +1.19
x107° x107° x 1076

Mg4Ag 5.63 x -1.515 1.41 x —1.458 2.26 x —~1.526
1075 +0.023 10°° +0.022 10°° +0.018
+4.59 +4.23 +1.53
x 107° x 107 x 1076

Mg6Ag 4.2 x —-1.270 2.86 x —1.509 7.35 x —1.304
10°° +0.10 10°° +0.015 10°° +0.037
+2.37 +3.67 +2.13
x 107° x 107° x 107°

pure +4.94 —~1.597 +2.65 -1.467
x 107° x107°

XHP +5.48 -1.878 +1.19 -1.560
x 107° x 107°

backward

Mg2Ag 8.62 x —1.297 1.27 x —1.435 5.94 x -1.415
10°° +0.07 107° +0.014 10°° +0.02
+5.44 +4.60 +1.88
x 1076 x 107 x 107

Mg4Ag 5.59 x —~1.419 7.28 x -1.371 2.4 x —1.495
107° +0.02 107° +0.019 107° +0.022
+2.90 +1.93 +5.57
x 107° x 107° x 107°

Mg6Ag 1.1 x —~1.378 7.4 x —~1.493 5.26 x —~1.279
107° +0.04 10°° +0.034 10°° +0.042
+6.41 +1.49 +1.30
x 107° x 107° x 107®

pure +3.30 —~1.674 +2.45 -1.575
x 1076 x107°

XHP +3.06 —~1.924 +1.00 -1.751
x 107® x 107

roughness at 5 spots of each specimen
microscope (Alicona, Austria).

was measured using an IF-

2.3. Electrochemical measurements

For electrochemical measurements, the specimens were connected to
a copper wire using a silver amalgam. The reactions at the surface of the
specimens were observed using a video microscope (Keyence VHX-
5000) through a special electrochemical cell [24] (Fig. 1). The electro-
chemical data were manipulated and accumulated by the software
PStrace (PalmSens, Netherlands) connected to a mini-potentiostat
(Emstat3+, PalmSens, Netherlands). The solutions were pumped
through the system using a lab pump (Watson Marlow 5050Di, United
Kingdom). The speed was set as 4.3 ml/min and the temperature was set
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to 37 °C (310K). The OCP (open circuit potential) was measured over
30min followed by cyclic polarization over 6 cycles between a potential
range of +£500 mV vs. OCP (open circuit potential). The microscopic
video observations during the measurements were recorded with OBS
Studio (version 26.0.2). Scanning Electron Microscope (SEM) pictures
were made by Desktop SEM Phenom XL G2 (Thermo Fisher Scientific,
America). The specimens were washed in pure alcohol and blow dried
before SEM.

2.4. Data collection and analysis

From each of the cyclic I-E curve the exchange current density icorr
was determined at E,rr, The body temperature of 310K, the number of
the transferred electrons per reaction (n = 2), the Faraday’s constant F
with -96485 As-mol™! as well as the Stern-Geary-Coefficient with
0.01335 were used in equation (6), the linearized Butler-Volmer
equation.

_ RT  Stern — Geary — Coefficient
" nFR, R,

Io (A/em?) (6)

One example of a specific I vs E cyclic curve with the marked data
points is shown in Fig. 2.

3. Results
3.1. Roughness measurements

The roughness values of the investigated specimens are comparable,
as the data show in Table 2. Mg2Ag shows the highest roughness fol-
lowed by both pure Mg specimens and then Mg4Ag and Mg6Ag.

The pictures in Fig. 3 show the initial states of the surface of the
MgXAg alloys prepared for the electrochemical measurements in HBSS,
MEM and MEM+.

3.2. Electrochemical measurements

In all cases the OCP values starts from a very cathodic point and after
the first 5 min reach a value which was more or less constant over the
rest of the measurement time up to 30 min as shown for the different
investigated alloys in Fig. 4.

Contrary to expectations, no major differences were found for the
OCP for the MgXAg alloys. Only in case of the pure and ultra-pure Mg it
can be seen that the OCP after 30 min in MEM is more anodically shifted
in comparison to HBSS. The final potentials after 30 min are summarized
in Table 3.

The situation at the surface after 30min OCP is shown in Fig. 5.

Even if the OCP values hardly differ, the images show visible dif-
ferences after 30 min, as seen in Fig. 5. In HBSS, a difference in the
amount and distribution of the HE spots and the oxide-covered area can

Egor [V vs. SCE]
Ecorr [V vs SCE]

@ Mg2Ag HBSS
-@- Mg2Ag MEM
-~ Mg2Ag MEM+

-@- MgbAg HBSS

-@- Mgéag HBSS
M$A9 e 12 4| -@- Mggag MEM
@ MQAAg ] - Mg6Ag MEM+

Eor [V Vs SCE]

1000 1200 1400 1600 0 200 400

600

t[s]

600 800 1000 1200 1400 1600

tls]

800 1000 1200 1400 1600 0 200 400

Fig. 7. Changes of E.,,, of the forward scan with time for MgXAg alloys in 3 different electrolytes at 37 °C und flowing conditions.
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Fig. 8a. Comparison of icorr VS. Ecorr data from cyclic polarization (top) of Mg2Ag alloy in HBSS, MEM and MEM + together with the situation at the surface after the

electrochemical measurements.

be observed. In MEM all surfaces show strong traces of oxidation, either
through dark discoloration, as in the case of Mg2Ag, or paths of localized
“migrating” reactions, marked with red arrows, on Mg4Ag and Mg6Ag.
If NaHCOj3 is added to the MEM solution, the initial traces of localized
oxidation are less clear and can only be seen on Mg6Ag.

3.2.1. Cyclic voltammetry

The cyclic voltammograms show different shapes, depending on the
kind of solution as well as the kind of material, pure Mg or MgXAg al-
loys. There are differences related to the position of the Eq;r and the icopr
data depending on the solution in which was measured. In case of the
pure and ultra-pure Mg the behavior under cyclic polarization is
completely different, as the curves in Fig. 6a show. In HBSS, pure Mg as
well as MgXHP show no breakdown, so no additional HE (Hydrogen
evolution) takes place during anodic polarization, but in MEM the
typical behavior can be observed with fast hydrogen streams at some
places at the surface. Characteristically, very small bubbles are created,
appearing as a little stream.

In Fig. 6a to c the curves of the differently composed MgXAg alloys,
polarized in different electrolytes are presented. Depending on the Ag-
content some differences in the behavior can be observed. Phenome-
nologically, the behavior in HBSS and MEM + are comparable but
slightly different to the behavior in MEM. The CV of the alloys tested in
MEM (Fig. 6b) indicate that magnesium and Mg-Ag alloys exhibit hys-
teresis. This suggests that the material experienced pitting corrosion to
some degree during immersion in the electrolytes. It is important to
realize that as more silver content is included, the alloys become more
prone to pitting corrosion. However, this seems to be suppressed again
by adding NaHCOsg, as can be seen in Fig. 6¢c. Mg6Ag shows pitting
corrosion behavior only in the first cycle but with the passing of time,
respectively the numbers of cycles, a decrease of corrosion current can
be observed.
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The essential data of the E,, position of the forward and backward
scans and the icor data respectively are presented in Table 4.

Fig. 7 shows the changes of E., depending on time, which is also
related to the numbers of cycles.

In all cases an anodic shift of E., with time can be observed. Hereby
the clear anodic shift of Ecorr for Mg6Ag in NaHCO3 containing elec-
trolytes is surprising.

The data show also, that at anodically shifted E.oy potentials the
values of i are significantly lower as in case of more cathodically
located ones, as exemplified in Fig. 8a—c.

Fig. 8a to ¢ show the surfaces after the electrochemical polarization.

After the treatment, clear changes can be seen on the surfaces, with
one exception, Mg6Ag in HBSS. There are clear traces of localized
“moving” oxidation reactions, impressing as black, meandering lines. In
the case of Mg4Ag in MEM plus, the areas of pitting, typical for static
electrolytes, can be seen. Mg6Ag in HBSS surprises with an almost even
coverage of the surface with an oxide layer without noticeable degra-
dation spots.

3.3. Scanning electron-microscopy (SEM)

The SEM images (Fig. 9) of MgXAg show the surface of the specimens
in three kinds of electrolytes after 200 min of electrochemical testing.
MgO and Mg(OH), are the main corrosion products around pits and
cracks [25]. After electrochemical testing, all three alloys showed an
irregularly spaced non-circular concavity pattern, all exhibiting a
depressed surface. Mg2Ag showed both homogeneous and pitting
corrosion, while Mg6Ag exhibit only mild and evenly distributed signs of
pitting corrosion compared with the other two alloys in the same elec-
trolytes. When NaHCOj is added to the MEM electrolyte with the same
alloy, larger pits are clearly formed.
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Fig. 8b. Comparison of icorr VS. Ecorr data from cyclic polarization (top) of Mg4Ag alloy in HBSS, MEM and MEM + together with the situation at the surface after the

electrochemical measurements.
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Fig. 9. Three MgXAg alloys showing special surface structure, SEM after 200mins electrochemistry experiment.

4. Discussion

The exchange current densities of (icorr Or ip) represent intrinsic
electron transfer rates between an analyte and an electrode [26]. These
rates give insights into the composition of the analyte and the electrode
and their interactions. In order to fully understand the degradation
mechanism of magnesium and its alloys, the excess of HE over the Mg
surface should be quantified [23].

Based on our question and aim, we expected to find a reliable cor-
relation between the electrochemical behavior, especially when exam-
ining the exchange current density which describes the degradation rate
in in-vitro environment, and the composition of the electrolytes. Sec-
ondly, we expected to investigate the influence of the visible changes
including the hydrogen evolution and degradation product deposition at
the surface by optical inspection during open circuit degradation and
electrochemical polarization of MgXAg alloys [14,15].

As the here presented data show, a difference in the electrochemical
behavior of Mg XHP and Mg pure depending on the used in-vitro solu-
tions, HBSS and MEM, exists. To simulate the CO, buffer activity in MEM
for the measurements of the MgXAg alloys a third electrolyte, MEM+,
was used.

The measurements performed in this experiment didn’t clearly show
any systematic factor for the difference in electrochemical behavior for
MgXAg alloys. A comparison of the optical recordings before and after
polarization (cyclic voltammetry) shows that a surface that is already
showing active corrosion is then attacked to a greater extent. An initially
only slightly oxidized surface can, however, be changed dramatically by
the polarization.

This can be explained by various influences, based on the alloy
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composition and its structure, such as the grain sizes and orientation as
well as the chemical activity [29].

Based on our observation, no specific spots could be detected which
could be fitted to the hydrogen evolution or the oxidation and precipi-
tation of less soluble products at the surface. All analyzed surfaces have
shown their own specific structure, which can be seen at the end of the
treatment in Fig. 8a—c.

On the freshly polished Mg surface exposed to an aqueous solution
(such as MEM or HBSS solution), corrosion proceeds on the edge of the
growing patch, thereby causing the corrosion product to precipitate in
the vicinity. Magnesium corrosion products have shown enhanced cat-
alytic activity for HER [13-15].

Using the possibility to assess the forward as well as the backward
scan for description of the electrochemical activity of the different
MgXAg alloys, it can be shown that a slight relation between the Ag
content and the anodic shift of E., at the height of ico;r can be seen. In
case of Mg6Ag, the CO,, containing electrolytes, HBSS and MEM+, show
the same activity, in contrast to COa-free electrolyte (MEM). But in case
of Mg2Ag and Mg4Ag it is not detectable, as Fig. 10a and b show.

In every investigated case, a kind of pitting corrosion as the main
form of degradation was observed at the end and it can be seen in the
SEM pictures, Fig. 9. The inhomogeneity of the metal surface is one
important cause of pitting corrosion [33]. The chloride ion concentra-
tion in the solution accelerates the degradation [19].

For the electrochemical assessment of the degradation of Mg and Mg-
alloys these conditions are confounding [34,35]. The reduction of active
reaction area as well as the link between anodic and cathodic reaction
pathways make a prediction of degradation more complicated. The
application of the video-optical set-up gives more information regarding
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influence of Ag content on iCorr in HBSS, MEM and MEM+
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the influence of the composition of the electrolyte on the degradation
behavior of MgXAg alloys, because the pictures during the investigation
were different, namely changing positions of the oxidation, the
above-mentioned meandering black lines, and also fixed positions for
the hydrogen formation in the vicinity of which no visible change in the
surface appearance were detected.

This makes it difficult to get a reliable picture of the degradation of
Mg and Mg alloys. The visible changes on the surfaces impressed in some
cases as a strong degradation and modification of the surface were not
well expressed in the electrochemical data, as summarized in Fig. 11.

Due to the galvanically coupled reaction on the surface, only a trend
of degradation can be given. There are more experiments necessary to
find the key effect or the key location(s) of surface changes, which can be
correlated to the measured electrochemical activity.

5. Conclusion

The varying rates of corrosion from one phase to another influenced
the mechanism of pitting corrosion. The corrosion potential of Mg-Ag
metallic compounds was moved in anodic direction by adding silver
content. The composition of the alloy as well as the composition of the
electrolyte have a significant influence on the electrochemical perfor-
mance of the investigated alloys.

Most interestingly, we discovered that the silver content is a critical
element in pitting corrosion protection of magnesium alloys while
keeping the overall corrosion rate under control. It is also vital to pay
more attention to the concept of protein evoked effects during magne-
sium corrosion, as it undoubtedly plays an important role in reducing
both homogeneous and pitting corrosion of magnesium materials used
in the body. Dependent on this performance, biodegradable implants
containing MgXAg binary alloys would have a multifunctional use. In
the next step the observation period can be extended, or the pH changed
to monitor changes in the magnesium corrosion site. It is also our aim to
track the factors influencing the trend of pitting corrosion during the
reaction.
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