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Introduction

CoCrMo alloys are regarded as highly biocompatihbgerials
and have been employed in the fabrication of pessth since
the 1940's. The biocompatibility is closely linkeml the high
resistance towards corrosion due to the spontanfeootion
of a passive oxide film, the integrity of which Hasen strongly
correlated to the chemical and mechanical stakdlitimplants.
Nonetheless, the release of metal into the bodw iwell-
documented fact. Uniform passive dissolution rsglfrom
the slow diffusion of metal ions through the passiim,
transpassive dissolution under highly oxidizing @itions, the
local breakdown of passivity as a consequence oéliked
forms of corrosion such as pitting or crevice ceioa, or as a
consequence of mechanical events such as fretimgsion are
all possible mechanisms. However, the exact chamic
electrochemical and tribo-electrochemical mechasitimt lead
to the release of metal from CoCrMo prosthesesiar&nown.
With this work, the electrochemical properties @GIMo were
investigated under simulated biological conditions.In
particular, the effects of ions in the electrolgtdution, of pH,
temperature, and of time of exposure to the biddwas well as
of specific polarization conditions on the pasdiehavior were
studied. Furthermore, the electrolyte solution waliected for
analysis by inductively coupled plasma mass spsctiy (ICP-
MS) to study metal ion release undewitro conditions.

Major results

Electrochemical behavior

In simulated body fluid (sbf), the electrochemitahavior of
the alloy is almost identical at room temperatund at 37°C.
Also a variation of the pH value between pH 2 aldshows
only a very minor effect on the corrosion behavkeurther, the
electrochemical behavior is basically identicalsiif and NaCl

solutions; hence, the specific ions present in(slgf., c&* and
PO43') do not strongly interact with the surface of @@CrMo

alloy.

Aging in air leads to a slow increase in the priveoess of the
passive film; however the films formed in air arlovdy

modified at open-circuit potential in sbf and filyahll show an
identical behavior. The kinetics of passivation ifggof the
passive film) is relatively slow .

Measurements of pure Co, Cr and Mo showed thas@aghly

active at low applied potentials, whilst Cr coulé been to
retrace the current potential response of the aflaye passive
region, indicating an increasing influence of Cr the

electrochemical behaviour of the alloy at theseeptils. In
particular, Cr was found to dominate the -electroubal

properties of the alloy in the passive and transipastates.

In the transpassive region, an additional currergakp
corresponding to oxidation of the Cr(lll) oxidenfilinto Cr(VI)

species was observed. The Cr oxidation reactiormass
transport dependent, which indicates that Cr(Vigcéps are
dissolved in the solution.

Chemical analysis of the electrolyte

For samples exposed to open-circuit potential ¢anmEed in the
passive region, only Co can be detected in tharelgte - the
concentration of Cr and Mo is below the detectianit!
Polarization in the transpassive region leads teery strong
increase in the metal ion concentration in thetedgde - in this
case all elements can be detected. It is notewdlntitythe ratio
of the metal ion concentration very nearly corresfsoto the
composition of the alloy; hence oxidizing conditoin the
region of transpassivity of the alloy lead to a rhea
stoichiometric dissolution of the alloy.

In order to simulate passive film destruction (glechemical,

without wear) / repassivation cycles, as could beoantered
under mild rubbing conditions, samples were cytiica
polarized between potentials in the cathodic anadin
(passive) region. This type of polarization treatinkeads to a
similarly strong enrichment of Co in the electrelytas

polarization in the transpassive region. Howeveyclic

polarization leads to a selective dissolution of @d of the

alloy.

Tissue analysis fromin vivo experiments

Tissue samples retrieved from experimental sheeph wi
cemented CrCrMo implants were analysed for evidasfc€o,
Cr and Mo, as a result of wear and or corrosiogtieas at the
surface of the metal implant. In all cases, aasdeof metal
from the prosthesis has taken place. In additiohe t
concentrations of all three metal elements measuar#te tissue
increase with increasing instability of the implaimt all samples
analysed, the concentration of Co always largebeesed that
of Cr and Mo. The ratio of the metal ions analysethe tissue
does not reflect the composition of the alloy; éast, a strong
selective dissolution of cobalt was observed.

As described above, a similar selective dissolutimde could
be observedn vitro, when the alloy was exposed to cyclic
reduction/oxidation cycles. A comparison of timevitro metal
ion release modes with results from fnevivo studies will be
carried out.



