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Biomaterials are synthetic or natural materials
that are used in contact with cells, tissues and/or
body fluids without any negative effect on the human
body [1]. A biomaterial can be defined as any sub-
stance or combination of substances that can be used
for any period of time, as a whole or as a part of a
system, which improves or replaces any tissue or
organ in the human body [2-4]. Metallic biomaterials,
which are mainly used for replacing damaged hard
tissues, are materials with high strength, excellent
wear resistance, as well as with good electrical and
thermal conductivity [5-7]. The biocompatibility of the
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BIOCOMPATIBLE COBALT-BASED ALLOY

Article Highlights

¢ Metallic ion release from Co-Cr-Mo alloy in artificial saliva is examined

e The concentrations of released ions are determined using ICP-MS

e The effects of artificial saliva pH values and duration of immersion on metallic ion
release are determined

e The released metallic ions concentrations are compared with literature data

Abstract

Metallic biomaterials, which are mainly used for the damaged hard tissue
replacements, are materials with high strength, excellent toughness and good
wear resistance. The disadvantages of metals as implant materials are their
susceptibility to corrosion, the elastic modulus mismatch between metals and
human hard tissues, relatively high density and metallic ion release, which can
cause serious health problems. The aim of this study was to examine metallic
fon release from Co-Cr-Mo alloy in artificial saliva. In that purpose, alloy
samples were immersed into artificial saliva with different pH values (4.0, 5.5
and 7.5). After a certain immersion period (1, 3 and 6 weeks) the concentra-
tions of released ions were determined using inductively coupled plasma-mass
spectrometry (ICP-MS). The research findings were used in order to define the
dependence between the concentration of released metallic ions, artificial
saliva pH values and immersion time. The determined released metallic ions
concentrations were compared with literature data in order to describe and
better understand the phenomenon of metallic ion release from the biocom-
patible cobalt-based alloy.

Keywords: metallic biomaterials, cobalt-based alloy, ion release, artificial
saliva, pH value.

most metallic biomaterials is based on a protective
passive oxide layer present on the metal surface [8].
The chemical composition of the passive oxide layers,
their thickness and protection degree depend on the
alloy composition, chemical environment, mechanical
stresses, etc. [9]. In recent period, electrochemically
obtained metallic powders were examined with the
aim to determine the influence of deposition condi-
tions on powder composition and possibilities for bio-
medical application [10]. The most extensively used
metallic biomaterials are commercially pure (CP) tita-
nium, titanium- and cobalt-based alloys, whilst stain-
less steels have been abandoned in recent years due
to insufficient corrosion resistance and nickel-induced
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hypersensitivity of organism [11]. The implant mater-
ials are required to possess appropriate mechanical,
physical, chemical and biological properties [12,13].
In addition to the good combination of mentioned pro-
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perties, corrosion resistance of these materials must
be sufficiently high since the contact between implant
materials and human body fluids results in corrosion
appearance. The disintegration of the implant material
and metallic ion release occur as a direct conse-
quence of the corrosion process [14-16]. The cor-
rosion stability of metallic biomaterials in simulated
body fluids can be determined by electrochemical
tests that measure the amount of released elements
through the flow of the released electrons, static
immersion test and/or tarnish test (cyclic immersion)
that measure the released elements by spectroscopic
methods [17-20]. The corrosion process progression
is related to the material microstructure, surface
roughness, alloy composition, exposure temperature
and pH value of the chemical environment [21-24].
However, it should be mentioned that the amounts of
released metallic ions do not reflect their relative
weight contents in an alloy’s composition [25].

pH value has a considerable influence on the
concentration of released metallic ions from implant
materials. The pH of the average human body fluids
is usually within the range of 7.0-7.35 (although the
pH value may fall to 4.0-5.0 range due to inflam-
mation caused by surgery or injury) [26]. Generally,
changes of pH in the human body are small due to
buffering action of the body fluids. The hard tissues
pH decreases to approximately 5.2 after implantation
process and afterwards recovers to the value of 7.4
[27]. However, pH value changes are most commonly
present in the oral environment due to acidic food
consummation or bacteria metabolic activity and
therefore dental implant materials have been tested in
solutions with different acidity levels [28,29]. Human
saliva pH is slightly acidic (~5.8). In the oral cavity,
extremely low pH value (2.0-3.0) can occur in the
case of pathological diseases of the oral cavity [30].
These oral diseases should be primarily treated with
dental prosthetic treatment. In addition, diligent and
constant oral hygiene (especially after meals) leads to
the prevention of the spread of bacteriological activity
and pH disbalance in the oral cavity. In healthy popul-
ation, low pH value cannot be maintained for a long
period because of the buffering action of the human
saliva and such a low pH value was not considered in
this study.

Co-Cr-Mo alloys have been widely applied as
implant materials because of their excellent mecha-
nical properties, corrosion resistance and biocompa-
tibility [31,32]. Chromium, the main alloying element
in Co-Cr-Mo alloys, is added to advance the formation
of a stable passive oxide layer that contributes to cor-
rosion resistance. Molybdenum is also frequently
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added to advance alloy resistance to pitting and cre-
vice corrosion. The composition of Cr and Mo in com-
mercial alloys is within the range of 11-25 mass% and
alloys that contain lower amounts of Cr and Mo are
found to be more susceptible to corrosion [33,34].
Although the metallic biomaterials are considered to
have good corrosion resistance, numerous studies
have shown that metallic ions can be released into
the surrounding environment [35-37]. Consequently,
the contact between Co-Cr-Mo alloys and body fluids
leads to the metallic ion release [38]. Therefore, the
aim of this study was to examine metallic ion release
from Co-Cr-Mo alloy into artificial saliva with different
pH values.

EXPERIMENTAL

The metallic ion release from Co-Cr-Mo alloy
(Wironit® extra-hard produced by Bego, Germany)
into artificial saliva with different pH values was inves-
tigated. The Co-Cr-Mo alloy in as cast condition was
selected to be considered in this study since this type
of implant alloy produced by casting is widely used in
dental practice, mostly for manufacturing of crowns,
bridges and denture bases [39,40]. The chemical
composition of the examined alloy is given in Table 1,
while the physicochemical properties of the inves-
tigated alloy are shown in Table 2.

Table 1. Chemical composition of the investigated Co-Cr-Mo
alloy

Element Weight content, %
Co 63.0

Cr 30.0

Mo 5.0

Fe -

C max 0.4

Other (Si, Mn) -

Table 2. Physicochemical properties of the investigated Co-Cr-
-Mo alloy

Density 8.2 g/cm®
Melting interval 1260-1305 °C
Casting temperature 1420 °C
Ductile yield 41%
Tensile strength R, 910 MPa
Elongation limit Ry 2 625 MPa
Modulus of elasticity 211000 MPa
Vickers hardness 375

Commercial Co-Cr-Mo alloy, produced in the
cylindrically shaped pieces with 8.0 mm in diameter



I.D. DIMIC et al: METALLIC ION RELEASE FROM BIOCOMPATIBLE...

Chem. Ind. Chem. Eng. Q. 20 (4) 571-577 (2014)

and 15.8 mm in height, were cut into the disc-shaped
samples (8.0 mm in diameter and 3.2 mm in thick-
ness) and polished. In order to eliminate surface con-
tamination, the samples were cleaned in ultrasonic
bath with ethanol for 10 min. After cleaning treatment,
the samples were washed with distilled water and
dried with sterile gauze. Subsequently, each sample
was placed in a separate glass container with the
testing solution (5 ml) and incubated at 37 °C. During
testing the containers were hermetically closed in
order to prevent the possible contamination and the
evaporation of the testing solution.

The testing solution used in this paper was arti-
ficial saliva produced by Helvepharm AG, Switzerland
with initial pH value of 6.8. Composition of the testing
solution is shown in Table 3. The artificial saliva pH
was lowered to a level of 5.5 and 4.0 by adding hyd-
rochloric acid and increased to 7.5 by adding sodium
hydroxide.

Table 3. Chemical composition of the artificial saliva

Component Content, %
NaCl 0.0844
KCI 0.1200
MgCl, x 6H,0 0.0052
CaCl, x 2H,0 0.0146
Sorbitol 0.3000
KH,PO, 0.0342
Carboxymethylcellulose sodium 0.1000
Water 99.3416
pH 6.8

At the end of the immersion period (1, 3 and 6
weeks) a certain amount of artificial saliva was
removed from the glass container in order to measure
the cobalt, chromium and molybdenum ion concen-
trations that were released from the alloy. The con-
centrations of released ions were determined using
an inductively coupled plasma-mass spectrometer
(Agilent ICP MS 7500).

RESULTS AND DISCUSION

The concentrations of ions released from the
investigated Co-Cr-Mo alloy into the artificial saliva
with different pH values after 1 week-long immersion
are shown in Figure 1. Even though the weight con-
tent of Mo in the composition of examined alloy is low,
the concentration of Mo ions released into the simul-
ated body fluid was the highest among all inves-
tigated after 1 week-long immersion. The results
obtained in the present study are in accordance with
the earlier reported findings that the alloying elements

present in traces can be released in larger quantities
[25]. Similarly, Okazaki and Gotoh [41] showed that
the quantity of released Mo ions from Co-Cr-Mo cast
alloy was higher than the quantity of released Cr ions
in 0.9% NaCl solution, phosphate-buffered saline
(PBS) solution and artificial saliva after 1 week,
although the weight content of Cr in alloy’s compo-
sition (28.36 mass%) was higher than the weight con-
tent of Mo (6.1 mass%). Conversely, the quantity of
released Mo ion was lower than the quantity of rel-
eased Cr ion in 1% lactic acid and 1.2% L-cysteine.
Therefore, the metallic ion release depends on the
composition of immersion solution, but does not
depend directly on weight content of this element in
the examined alloy. An early study by Geis-Gerst-
rorfer et al. [42] showed that Co-Cr-Mo alloys were
more corrosion resistant as compared to Ni-Cr-Mo
alloys, which might be related to the immersion sol-
ution, such as cell culture media, artificial saliva, sal-
ine solution, diluted acids, etc. Accordingly, it can be
concluded that the composition of immersion solution
has a significant influence on the concentration of
released metallic ions from implant materials. Further-
more, results showed that the pH value decrease
resulted in the released metallic ions concentrations
increase.

300
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Figure 1. Concentration of fons released from the Co-Cr-Mo
alloy into artificial saliva with different pH values after 1 week.

The concentrations of released metallic ions
from Co-Cr-Mo alloy into the artificial saliva with dif-
ferent pH values (4.0, 5.5 and 7.5) after 1, 3 and 6
weeks are shown in Figure 2.

As can be seen from the diagrams presented in
Figures 1 and 2, the metallic ion release is dependent
on the pH value of the artificial saliva in which the
alloy was immersed, as well as on the immersion dur-
ation. The obtained results indicate that the metallic
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Figure 2. Concentration of fons released from the Co-Cr-Mo
alloy into artificial saliva with different pH values over different
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immersion periods: a) chromium, b) molybdenum;
c) cobalt ions.

ion release from the examined alloy is directly pro-
portional to the immersion time. Namely, with the inc-
rease of time period, during which the alloy was
exposed to artificial saliva, the concentrations of all
released metallic ions were increased. Accordingly,
the increase of the metallic ion release is associated
with the corrosion susceptibility of the Co-Cr-Mo alloy.
As mentioned above, the pH value also has a great
influence on the quantity of released metallic ions.
With the decrease of solution pH value to 4.0, the
concentrations of released metallic ions were propor-
tionally increased (see Figure 1). At pH 4.0 the rel-
eased ions concentrations were rapidly increased and
these results are in agreement with the literature data.
Namely, Okazaki and Gotoh [41] denoted pH 4.0 as a
critical pH value, obtained by testing multiple biomat-
erials in several solutions of different acidity levels.
Despite their metallic ion release, the Co-Cr-Mo alloys
can be considered as corrosion resistant. Likewise,
Puskar et al. [43] investigated element release from
Co-based alloy in artificial saliva and concluded that
the concentrations of released metals were far under
the permitted level. Corrosion resistance and inert-
ness of these alloys are above all achieved through
the formation of a protective surface chromium oxide
layer.

The results of the presented examinations indi-
cate that the metallic ion release could be described
by third-degree polynomials, as dependence on the
pH value and the immersion duration. However, it is
rather difficult to estimate and predict a trend with the
data obtained so far, hence the future work will inc-
lude longer periods of immersion (at least six months)
in order to predict the tendency of metallic ion release
from Co-based alloys.

Generally, the metallic ion release is difficult to
describe and predict by equations, since it depends
on numerous factors such as alloy composition,
sample dimensions, type, composition, temperature,
pH value and volume of testing solution, etc. [21-
-25,28,29]. Beck et al. [44] analyzed elemental rel-
ease from Co-Cr alloy containing palladium (Pd) and
concluded that Co-Pd-Cr alloy released a significantly
greater amount of respective ions (Co, Cr, Mo and
total ions) compared to the traditional Co-Cr alloy. A
study by Peter et al. [45] showed that addition of
titanium and zirconium to Co-based alloy had a posi-
tive effect on the alloy hardness and metallic ion rel-
ease. Can et al. [46] emphasized that the release of
metallic ions from dental cast alloys has correlated
with the surrounding environmental conditions and
the surface of dental alloy. The results of the above
mentioned study showed that the release of metallic
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ions from sandblasted alloys was higher than from
polished alloys. Also, artificial saliva intensified ele-
ment release more than cell-culture medium. Okazaki
[47] pointed out that the metal release depends on the
chloride concentration and pH of the testing solution,
but the effect of chloride concentration on the quantity
of released metallic ions was small. Also, Denizoglu
et al. [48] highlighted pH of the immersion solution as
a very important factor for metallic ion release.
Joseph et al. [49] determined the pH effects on metal-
lic release from the Co-Cr-Mo alloy in three different
conditions: as cast, annealed and hot-forged and con-
cluded that the trends of the pH effect on Co, Cr and
Mo release were nearly the same. Actually, the
results indicated that alloy heat treatment and hot
forging had negligible effect on metallic ion release.

Dependence of the cobalt ion release from Co-
Cr-Mo alloys on the mentioned factors can be pro-
perly observed by comparing research findings pub-
lished in the literature, Figure 3.

Literature data confirm that with decreasing pH
and increasing immersion time, the concentrations of
released metallic ions are increasing [50-52]. More-
over, it can be observed that concentration of rel-

eased ions from Wironit was significantly higher when
compared to other Co-Cr-Mo alloys.

It should be mentioned that released metallic
ions can accumulate in organs and tissues and cause
local and systemic health problems due to the ions
diffusion through the entire body. Any metal or alloy
implanted in the human body is a potential source of
toxicity [53]. Nevertheless, metallic ions released into
the human body do not always damage the body.
Namely, if released metallic ions are combined with
biomolecules, then they can cause cytotoxicity, allergy
or other harmful effects. However, if metallic ions are
combined with water molecules or anions, then they
will form oxide, hydroxide or inorganic salt [26].
Therefore, the type of the molecules that react with
released ions, as well as type and concentration of
the released ions and their toxicity, must be consi-
dered in order to determine the safety of metallic bio-
materials.

CONCLUSION

The metallic ion release from Co-Cr-Mo alloy
into artificial saliva with different pH values was
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1 L. Multu-Sagesen et al. [50] Wirobond C (61Co, 26Cr, 6Mo, 5W, Atrtificial saliva + lactic acid 7, 30, 60 days
18i, 0.5Fe, 0.5Ce, 0.02C) (pH=2.3)
2 N. Rinci¢ et al. [51] Wironit (64Co, 29Cr, 5Mo, 1Si, 1Mn, Phosphate buffer (pH=6.0) 1,2, 3, 4,5, 6, 7, 14, 21,
0.5C) 30 days
3 N. Rinci¢ et al. [51] Wironit (64Co, 29Cr, 5Mo, 1Si, 1Mn, Phosphate buffer (pH=3.5) 1,2, 3,4,5,6, 7, 14, 21,
0.5C) 30 days
4 N. Rinci¢ et al. [51] Wironit (64Co, 29Cr, 5Mo, 1Si, 1Mn, Lactic acid (pH=3.5) 1,2,3,4,5,6,7, 14, 21,
0.5C) 30 days
5 F. Nejatidanesh et al. [52] Minalia (62Co, 31Cr, 5Mo) Artificial saliva 1,3, 7 days
6 F. Nejatidanesh et al. [52] Wironit (64Co, 28Cr, 5Mo) Artificial saliva 1,3, 7 days

Figure 3. Cobalt ion release from Co-Cr-Mo alloys [50-52].
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examined in this study and the following conclusions
were drawn:

1. The concentrations of released metallic ions
do not reflect their weight contents in the alloy’s com-
position.

2. With increasing immersion time the concen-
trations of released metallic ions were proportionally
increased.

3. Decrease of the pH value lead to the inc-
rease of the concentrations of released metallic ions.

4. pH 4.0 is a critical pH value since at this
value the concentrations of released metallic ions
begins to increase rapidly.

5. The metallic ion release is difficult to des-
cribe and predict using the mathematical equations,
because this phenomenon depends on many different
factors.

Acknowledgements

The authors gratefully acknowledge the support
from the Ministry of Education, Science and Technol-
ogical Development of the Republic of Serbia through
the projects Il 46010 and ON 174004. The authors
would like to express their gratitude to Marica Rakin,
PhD, Associate Professor, University of Belgrade,
Faculty of Technology and Metallurgy, for generous
help in conducting the experiments.

REFERENCES

[11  J.O. Hollinger, in: An introduction to biomaterials, J.O.
Hollinger Ed., Taylor & Francis Group, Boca Raton, FL,
2012, p. 1-7

[2] B. Risti¢, Z. Popovi¢, D. Adamovi¢, G. Devedzi¢, Vojno-
sanit. Pregl. 67(10) (2010) 847-855

[3] D. Rakovi¢, D. Uskokovi¢, in: Biomaterials, D. Rakovi¢, D.
Uskokovi¢ Eds., Institute of Technical Sciences of SASA,
Materials Research Society Serbia, Belgrade, 2010, p.
11-23

[4]  N. Patel, P. Gohil, Int. J. Emerg. Tech. Adv. Eng. 2(4)
(2012) 91-101

[5] M. Ninomi, Metall. Mater. Trans., A 33 (2001) 477-486

[6] I. MiloSev, in: Biomedical applications (Modern aspects of
electrochemistry 55), S.S. Poki¢ Ed., Springer, New York,
2012, p. 1-72

[71 D. Tanikic, M. Mani¢, D. Penadi¢, S. Randelovi¢, J.
Milovanovi¢, P. Beki¢, Mil. Tech. Courier. 60(2) (2012)
202-215

[8] J. Breme, V. Biehl, in Handbook of biomaterials pro-
perties, J. Black, G. Hastings Eds., Chapman & Hall,
London, 1998, p. 135-145

[9] D. Mareci, D. Sutiman, A. Cailean, G. Bolat, Bull. Mater.
Sci. 33(4) (2010) 491-500

[10] J. Stevanovi¢, J. Stajié-Tro$ié, V. Cosovi¢, V. Panié, O.
Pesi¢, B. Jordovi¢, Metall. Mater. Trans., B 41 (2010) 80-85

576

(1]

2]

[13]

[14]

[13]

[16]

[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]
[27]

[28]
[29]
[30]
[31]

[32]

[33]

[34]

[35]

[36]

[37]

J. B. Brunski, in: Biomaterials science: An introduction to
materials in medicine, B. D. Ratner, A. S. Hoffman, F. J.
Schoen, J. E. Lemons Eds., Academic Press, San Diego,
CA, 1996, p. 111-128

I. Cvijovic-Alagi¢, M. Rakin, Integr. Vek Konstr. 8(1)
(2008) 31-40

V.D. Mirjani¢, R.R. Arbutina, J.P. Setraj¢i¢, Lj.D.
Dzambas, Proc. Nat. Sci. Matica Srpska Novi Sad, 118
(2010) 121-126

I. Cvijovié-Alagi¢, M. Rakin, Integr. Vek Konstr. 8(2)
(2008) 121-130

G. Manivasagam, D. Dhinasekaran, A. Rajamanickam,
Recent Pat. Corros. Sci. 2 (2010) 40-54

U.K. Mudali, T.M. Sridhar, B. Raj, Sadhana. 28(3) (2003)
601-637

J.C. Wataha, J. Prosthet. Dent. 83 (2000) 223-234

|. Multu, E. Oktay, J. Mater. Sci. Technol. 29(6) (2013)
582-588

M. Mihajlovi¢é, A. Patari¢, Z. Gulusija, B. Veljovi¢, B. Jan-
ackovi¢, Chem. Ind. Chem. Eng. Q. 17(1) (2011) 45-52
Dentistry - Corrosion test methods for metallic materials,
EN ISO 10271:2011

J.C. Wataha, P.E. Lockwood, S.S. Khajotia, R. Turner, J.
Prosthet. Dent. 80(6) (1998) 691-698

J.C. Wataha, S.K. Nelson, P.E. Lockwood, Dent. Mater.
17 (2001) 409-414

J.C. Wataha, P.E. Lockwood, Dent. Mater. 14 (1998)
158-163

I. Dimi¢, . Cvijovi¢-Alagi¢, M. Rakin, B. Bugarski, Metall.
Mater. Eng. 19(2) (2013) 167-176

M. Mikulewicz, K. Chojnacka, B. Wozniak, P. Downar-
owicz, Biol. Trace. Elem. Res. 146 (2012) 272-280

T. Hanawa, Mater. Sci. Eng., C 24 (2004) 745-775

X. Liu, P.K. Chu, C. Ding, Mater. Sci. Eng. R 47 (2004)
49-121

J. Stipeti¢, A. Celebi¢, I. Baugi¢, N. Ringi¢, A. Cati¢, M.
Bauci¢, Acta Stomat. Croat. 36(4) (2002) 389-395

N. Ringi¢, A. Celebi¢, I. Baugi¢, J. Stipeti¢, E. Prohi¢, S.
Miko, Acta Stomat. Croat. 37(1) (2003) 13-16

M. Hurlbutt, B. Novy, D. Young, CDHA J. 25(1) (2010) 9-15
L.Z. Zhuang, E.W. Langer, J. Mat. Sci. 25 (1990) 683-689
S.C. Wang, M. Browne, H.S. Ubhi, M.J. Starink, J.
Microsc. 217 (2005) 118-121

A. Takaichi, T. Nakamoto, N. Joko, N. Nomura, Y. Tsu-
tsumi, S. Migita, H. Doi, S. Kurosu, A. Chiba, N. Waka-
bayashi, Y. Igarashi, T. Hanawa, J. Mech. Behav. Bio-
med. 21 (2013) 67-76

A.S. Hiyasat, O.M. Bashabsheh, H. Darmani, Int. J.
Prosthodont. 15(5) (2002) 473-478

L.C. Lucas, P. Dale, R. Buchanan, Y. Gill, D. Griffin, J.E.
Lemons, J. Invest. Surg. 4(1) (1991) 13-21

H.-Y. Lin, J. D. Bumgardner, J. Orthop. Res. 22(6) (2004)
1231-1236

S. Karimi, T. Nickchi, A.M. Alfantazi, Appl. Surf. Sci. 258
(2012) 6087-6096



I.D. DIMIC et al: METALLIC ION RELEASE FROM BIOCOMPATIBLE...

Chem. Ind. Chem. Eng. Q. 20 (4) 571-577 (2014)

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[49]

I.V. Branzoi, M. lordoc, M.M. Codescu, U.P.B. Sci. Bull.,
B. 69(4) (2007) 11-18

B. Henriques, D. Soares, F.S. Silva, J. Mech. Behav.
Biomed. 12 (2012) 83-92

K. Yoda, A. Takaichi, N. Nomura, Y. Tsutsumi, H. Doi, S.
Kurosu, A. Chiba, Y. Igarashi, T. Hanawa, Acta biomater.
8 (2012) 2856-2862

Y. Okazaki, E. Gotoh, Biomaterials. 26(1) (2005) 11-21

J. Geis-Gerstrorfer, K.H. Sauer, K. Passler, Int. J.
Prosthodont. 4 (1991) 152-158

T. Puskar, D. Jevremovi¢, D. Eggbeer, A. Lapcevi¢, B.
Trifkovi¢, D. Vukeli¢, R. J. Williams, J. Prod. Eng. 16(1)
(2013) 77-80

K.A. Beck, D.M. Sarantopoulos, |. Kawashima, D.W.
Berzins, J. Prostodont. 21 (2012) 88-93

I. Peter, M. Rosso, A. Toppi, |. Dan, B. Ghiban, Arch.
Mater. Sci. Eng. 61(2) (2013) 62-68

[46] G. Can, G. Akpinar, A. Aydin, Eur. J. Dent. 1(2) (2007)
86-90

[47] Y. Okazaki, Mater. Trans. 49 (2008) 1656-1660

[48] S. Denizoglu, Z. Y. Duymus, S. Akyalcin, J. Int. Med.
Res. 32(1) (2004) 33-38

[49] L.A. Joseph, O.K. Israel, E.J. Edet, P.A. Ekwumemgbo,
Bull. Chem. Soc. Ethiop. 23(1) (2009) 37-45

[50] L. Mutlu-Sagesen, G. Ergun, E. Karabulut, Dent. Mater. J.
30(5) (2011) 598-610

[51] N. Rinci¢, I. Bauci¢, S. Miko, M. Papi¢, E. Prohi¢, Col-
legium. Antropol. 27(2) (2003) 99-106

[52] F. Nejatidanesh, O. Savabi, A. Yazdanparast, J. Dent.
(Tehran) 2(4) (2005) 168-173

[53] L.S. Morais, G.G. Serra, E.F.A. Palermo, L.R. Andrade,

C.A. Muller, M.A. Meyers, C.N. Elias, Am. J. Orthod.
Dentofacial. Orthop. 135(4) (2009) 522-529.

IVANA D. DIMIC'

IVANA LJ. CVIJOVIC-ALAGIG?
IVANA T. KOSTIC!
ALEKSANDRA A.
PERIC-GRUJIG?

MARKO P. RAKIN®

SLAVISA S. PUTIC?

BRANKO M. BUGARSKI®

'Univerzitet u Beogradu, Inovacioni
centar Tehnolosko-metalurskog
fakulteta, Beograd, Srbija

2 Univerzitet u Beogradu, Institut za
nuklerane nauke “Vin¢a”, Beograd,
Srbija

% Univerzitet u Beogradu Tehnolosko-
metalurski fakultet, Beograd, Srbija

NAUCNI RAD

OTPUSTANJE METALNIH JONA IZ
BIOKOMPATIBILNE LEGURE KOBALTA

Metalni biomaterijali, koji se najcesce koriste za zamenu ostecenih cvrstih tkiva u orga-
nizmu coveka, su materijali velike cvrstoce, Zilavosti i olpornosti prema habanju. Nedostaci
metala, kao implantnih materijala, su njihova podloZnost korozifi, neuskladenost modula
elasticnosti metala i cvrstih ljudskih tkiva, velika gustina i ofpustanje metalnih jona koje
moZe da izazove ozbiljne zdravstvene probleme. Cilj ovog rada je bio da se ispita
olpustanfe metainih jona iz Co-Cr-Mo legure u rastvoru vestacke pljuvacke. Uzorci legure
su potopljeni u rastvor vestacke pljuvacke razlicite pH vrednosti (4,0, 5,5 i 7,5). Nakon
odredenog vremena izlaganja legure vestackoj pljuvacci (1, 3 i 6 nedelja) odredene su
koncentracijfe ofpustenih jona primenom indukcije spregnute plazme sa masenom
spektrometrijom (ICP-MS). Dobijjeni rezultati su iskoriSceni u cilju definisanja zavisnosti
izmedu koncentracije otpustenih jona, pH vrednosti vestacke pljuvacke i duZine potapanja
legure u rastvor vestacke pljuvacke. Osim toga, utvrdene koncentracije olpustenih met-
ainih jona iz ispitivane legure su uporedene sa podacima dostupnim u literaturi u cijju Sto
boljeg opisivanja i razumevanja fenomena otpustanja metainih jona iz biokompatibilne
Co-Cr-Mo legure.

Kljucne reci: metalni biomaterijali, legure kobalta, ofpustanje jona, vestacka
pljuvacka, pH vrednost.
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