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Stainless steels, cobalt-chromium and titanium alloys are the most 
common materials used in orthopaedic and dental surgery, either as 
temporary scaffolding during healing of bone fractures or as 
permanent replacement to bone. However, the human body constitutes, 
a very aggressive environment towards these materials, leading to 
their premature failure by corrosion, wear or a combination of both. 
These processes are, in turn, responsible for the release of toxic ions 
which accumulate in the tissues surrounding the implant or in other 
parts of the body. 

Crevice corrosion accounts for about 908 of al l the cases of corrosion 
found in orthopaedic surgery. Bone plates are particularly susceptible 
to this type of attack, which occurs on the surfaces which come into 
contact wi th f ix ing screws and not at the bone/plate interface. Around 
stain less steel plates high concentrations of chromium are found, 
while iron and nickel are carried away in the blood stream. 

In vitro and in vivo electrochemical techniques are particularly useful 
in studying the processes of degradation of m e t a l l i c materials. The 
necessity to keep the number of experiments wi th animals to a 
minimum and the need to test a wide range of new materials w i l l lead 
to an increase in the use of electrochemical techniques. Their 
usefulness w i l l be documented with some typical cases: selection of 
alloy composition for dental materials, use of metal l ic screws for the 
f ixation of carbon plates, metal l ic porous coatings for cementless 
prostheses, and coating of prostheses with ceramic materials for 
increased biocompatibil i ty and corrosion and wear resistance. 
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1. Introduction 

The types and applications of biomaterials are very wide, ranging from 
conventional materials, like 316L stainless steel used for fixation plates 
in orthopaedic surgery, to resorbable polymers, useful in drug delivery. 
Barenberg gives a comprehensive l ist of fields of development and 
important issues in the production and testing of biomaterials. About 508 
of the world production comes f romthe U.S.A.. A figure often quoted for 
the annual growth rate of the biomaterials industry is 158. Metallic 
materials, and particularly stainless steels, Co-Cr alloys and Ti and i ts 
alloys, represent the greatest majority of the biomaterials market. In 
spite of the progresses made with bioceramics and biopolymers, the 
mechanical strength of the above metals makes them s t i l l unreplaceable 
for most orthopaedic applications. However, their high modulus of 
elasticity, in comparison with that of bone, is responsible for stress 
shielding, resulting in bone resorption. This is one of their main 
disadvantages, being often claimed that Ti and its alloys would be 
preferable to stainless steel and Co alloys because its modulus of 
elasticity is about half of that for the latter materials t 2 : ) . Another 
disadvantage of metallic materials is their susceptibility to corrosion in 
the body fluids, which w i l l be addressed in the following section. 

2. Degradation of metals in the body 

Corrosion, wear and fatigue are the most frequent causes of biomaterials 
failure. The release of toxic ions and the incorporation of wear debries are 
reasons for concern, particularly because very high concentrations can be 
reached in the vicinity of the implants. Table I gives some figures for the 
contamination of tissues surrounding stainless steel, titanium and 
Co-Cr-Mo implants < : 3- ). Very high concentrations are normally associated 
with presence of metallic particles which slowly dissolve and/or are 
phogocytized by macrophages. The values in Table I can be compared with 
the normal contents of Cr, Ni and Fe in blood, plasma (or serum), sweat and 
bone t 4 J given in Table II. The difference creates a concentration gradient, 
hence inducing a general increase in the metal content of blood and tissues 
away from the implant. 

The most frequent type of attack is crevice corrosion, often accelerated 
by fretting. Retrievel studies, mainly on fixation plates made of stainless 
steel, have shown that crevice corrosion accounts for ca. 908 of all cases 
of corrosion ( 5 ' 6 ) . In one of these studies t 5 J 708 of the devices were 
corroded. Attack is often located at the surfaces of contact between plate 
and screw (Fig. 1) and not at the bone/plate interface t 3 ' 5 J . Fretting 
between material and bone may however occur, particularly in the case of 
loose hip prostheses t 5 J . Fig. 2 shows severe attack at the tip of the stem 
of a hip prosthesis. 
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TABLE I - CONCENTRATION OF METALLIC ELEMENTS IN TISSUES  
AROUND IMPLANTSC3J 

MATERIAL 

3I6L S.S 

SAMPLE 

Fe 
Cr 
Ni 

CONCENTRATION (ppm*) 

300 
<d.l. 
<d.1. 

20000 
10000 
1400 

Ti 

Co-Cr-Mo 

Ti 

Fe 
Co 
Cr 
Ni 

<d.l - 73000 

90 
<d.l. 
<d.l. 
<d.l. 

3650 
2200 
10200 
1500 

p̂pm of dry tissue 

TABLE II - CONCENTRATION OF METALLIC ELEMENTS IN BIOLOGICAL 
SAMPLES ( 4^~ 

ELEMENTS SAMPLE CONCENTRATION (ppb*) 

Cr Blood 2-6 
Plasma or Serum 0.04-0.5 
Sweat 25 
Bone 460 

Ni Blood 2.9-7.0 
Plasma or Serum 0.6-6.5 
Sweat 7-270 
Bone 900 

Fe Blood 200-680 ppm 
Plasma or Serum 0.4-1.70 
Sweat 0.020-0.630 
Bone 91 

* wet weiyht 
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Fig. 1 - Intense Corrosion at a hole of a fixation plate made of AISI 316L 
stainless s t e e l t 5 ; i 

25KU X368 8005 166.00 CMMUF 

Fig. 2 - Attack of the stem of a Charnley type hip prosthesis made of 316L 
stainless steel*-5-1 
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Tissue reactions to released ions depend on their specific toxicity. In this 
respect Ti is practically non-toxic t 2 ) and no cases of rejection of Ti 
implants are known. Presence of V in the common Ti6Al4V alloy is a 
matter for concern due to its toxicity. This has led to the development of 
V-free titanium alloys t 7 ) . The toxicity of different metal salts on 
embryonic rat femura is given In Fig..3, showing that V has a toxicity 10 
times greater than Ni, Cr and Co. Data on the toxicity of other elements is 
given by Tsalev l 4 ) . The subject w i l l be addressed again in this work in 
conjunction with the electrochemical properties of biomaterials. 

Fig. 3 - The influence of metal chlorides on the growth of embryonic rat 
femora. In the ordinates is represented the weight ratio between femora 
grown in media containing metal ions and those grown in metal-free 
media ( 7 ) 

3. Passive surface characteristics 

All metals used as biomaterials owe their corrosion resistance to the 
presence of an oxide/hydroxide f i lm, known as the passive film. Its 
properties are therefore very important in guaranteeing a high degree of 
resistance to localized attack. 

Comparison between corrosion resistances of different materials are 
often made with the help of polarization curves. Essential potentials in 
these curves are (see Fig. 4) the passivation potential, E p a s s , and the 
pitting potential, Ep. Since localized corrosion is the most frequent cause 
of failure In these materials, comparisons based on Ep are often used. 

Table III gives Ep values for several materials, showing that Ti and its 
alloys are far superior to stainless steel and Co-Cr-Mo alloys. In the 
absence of fretting Ti is in fact practically immune to corrosion, due to 
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its high Ep 
in comparison with the free corrosion potential in the body. The 

hiqh levels of Ti found in tissues surrounding Ti implants is often 
attributed to fretting and fretting corrosion. Several surface treatments 
can be employed to improve the resistance to these forms of degradation, 
some of which w i l l be indicated below. 

^corr. 

-pass 
ïcorn 

\ ^ PASSIVITY 
(OXIDE] AE SAFE 

ACTIVE 
V DISSOLUTION 

LOG i 

Fig. A - Schematic anodic polarization curve of a passive metal. The metal 
can be used safely within a potential interval in the passive region, not 
too close to the regions of f i lm instability. Within crevices the corrosion 
potential can sometimes fal l in the active region (E c o r r ) . External surfaces 
of fixation plates are normally in the safe potential region (E' c o r r) 

In the absence of mechanical stresses, passivation treatments are often 
used to improve the corrosion resistance of biomaterials. The treatments 
are carried out in solutions of HN03 and although the exact changes 
occurring on the surface are not known in detail the effect is normally an 
Improvement of the resistance to breakdown. Significant improvements 
occur for stainless s t e e l , l 8 - 1 0 J sometimes of the order of 600 mV In Ep

 ( 9 ) . 
An explanation based on Cr enrichment of the f i lm, due to selective 
dissolution of Fe, has been put forward by Asami & Ashimoto ( 9 ) . An 
alternative explanation Is removal of sulphide inclusions during the 
passivation treatment ( 1 0 ) .Sulphides constitute the majority of inclusions 
in stainless steels and are often preferential sites for attack. For 
Co-Cr-Mo alloys the effect of passivation treatments is not as marked as 
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TABLE III - Breakdown potentials for Implant metals In Hank s 
solution 

Breakdown Potential, vs. Sat 
Metal Calomel Electrode 

Type 3I6L stainless steel 
Co-Cr-Mo 
Co-N1-Cr 
T1-N1 
T16A14V 
Tantalum 
Titanium (pure) 
T1-4,5Al-5M0 - l ,5Cr 

a Breakdown varies within this range 

for stainless steel whereas for T16A14V the corrosion rate can 
decrease by a factor of 4 0 ( 1 2 ) . Treatment in HN03 Induces the 
transformation of TiO into T102 ( a n a t a s e ) u 3 ) . a process that would ensure 
a higher degree of corrosion resistance. T102 Is also the oxide formed upon 
anodic oxidation of t i t a n i u m l 1 4 ) , whereas TIO is found on surfaces exposed 
to water and 3.5% NaCl s o l u t i o n s ( 1 3 ) . 

Under fretting the process of degradation is accelerated. Small particles 
are released from the rubbing surfaces, damaging the passive layer, which 
is thus in a permanent process of rupture and repair. As a consequence, the 
dissolution rate increases and the tissues become impregnated with high 
amounts of metal. The poor wearing properties of TI and i ts alloys are a 

major drawback to their use as hip prostheses. Several solutions have been 
attempted, Including dense alumina and Co-Cr-Mo heads, normally wearing 
against UHMWPE (Ultra High Molecular Weight Polyethylene). Coating 
titanium surfaces with a hard coating, such as titanium nitride, has been 
used ( 1 5 ) but the process is s t i l l in the development stage. The 
implantation of nitrogen Ions produces considerable improvements in 
corrosion and wear behaviour ( 1 2 - 1 6 ) . significant decreases In wear rate 
were found after implantation with C + ions ( 1 7 ) . The surface modifications 
responsible for the effects of ion implantation are not yet well 
characterized. The hardness of surface layers may change as a result of 

+0,2 to 
+0,42 
+0,42 
•1,14 
•2,0 
•2,25 
•2,4 
•2,4 

0,3' 
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modifications in the composition of the titanium oxide (which may be 
converted into an oxynitride) or of suboxide layer formation of hard 
compounds, e.g. titanium nitrides or carbides. Electrochemical changes in 
the properties of the implanted surfaces must be involved in the 
trfbological processes occurring in liquid media, since tests have 
consistently shown a decrease in the corrosion rate by a factor of 40 upon 
implantation of TI6A14V with N + i o n s ( , 2 ) . 

The electronic properties of passive f i lms can be useful In interpreting 
the corrosion resistance of the parent metals ( 1 8 ) , particularly if they 
provide Information about the type of conduction and oxide structure. 
Passive f i lms have semi-conducting characterists and thus concepts like 
donor density and flat band potential, used in the characterization of 
semi-conductors, have been introduced in the study of passive 
surfaces ( , 9 - 2 0 \ The Mott-Schottky relationship, 

J - r - J - ( £ - £ , „ - K I ) 
c 2 i eo.eND

 e 

where 

C = f i lm capacitance 
ED= permitlvity of vacuum 
i = dielectric constant 
e = electron charge 

ND= density of charge carriers 
E = electrochemical potential 

E^ = flat band potential 
K = Boltzmann constant 
T = absolute temperature 

is obeyed for passive f i lms on stainless steel and titanium in contact with 
a physiological solutions ( 2 1 ) . A curve representative of the behaviour of 
AISI 316L stainless steel is given in Fig. 5. Extrapolation of the linear part 
gives E^ ( E ^ - 0 . 3 6 5 V/SCE). N D can be obtained from the slope of the 
straight line (ND=2.03x102 1 atom/cm3). The donor density for titanium 
oxide was more than one order of magnitude lower than for the f i lm on 
stainless steel. Assuming that electron transfer is the rate determining 
step in passivation kinetics, the results can be used to explain the 
superior corrosion resistance of titanium. A low electronic conductivity is 
a necessary but not sufficient condition for low susceptibility to 
corrosion, since initiation of attack is often associated with non-metallic 
inclusions. 
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-0 .5 0 0.5 

P O T E N T I A L ( V . S C E ) 

Fig. 5 - Mott-Schottky plot for AISI 316L stainless steel in a physiological 
solution containing 137 mM Na + , 4.0 mM K + , 6.6 mM Ca 2*, 5.0 mM M g 2 + , 1 10 
mM CI" and 3.68 mM a c e t a t e ( 2 1 ) 

4. In vitro evaluation of corrosion resistance 
4.1. General Applications 

In the previous section a criterium for comparing corrosion resistance 
was given, using the value of the breakdown potential taken from anodic 
polarization curves. This method gives an indication of the resistance to 
attack initiation, which occurs as pitting corrosion. As seen before, this is 
not the most frequent type of attack, crevice corrosion being responsible 
for about 90% of all cases of corrosion in fixation plates. An adequate 
method of screening materials for resistance to crevice corrosion 
consists of analysing the hysteresis loops produced in anodic polarization 
curves after passivity breakdown. Briefly, the method consists of 
measuring the difference between the repassivation potential, E^, and Ep. 
En?p 1 S t n e Potential for which the polarization current reaches again 
passive values, i.e. after the process of pit growth has ceased. The degree 
of crevice corrosion susceptibility in stainless s t e e l s ^ and 
Co-Cr-Mo 1 2 5 ' 2 4 ^ alloys has been related to the difference E -E rt. As the 
difference becomes smaller the resistance to crevice attack should 



- 576 -

Increase. An application of the method Is given in Fig. 6 for Mo addition to 
Co-25Cr alloys. Above 3.5% Mo, the difference E p - E p r o t = 0, which signifies 
that higher Mo contents render the alloys immune to crevice corrosion. 
According to Cahoon and Cheung ( 2 4 ) the absence of Mo from wrought Co-Cr 

Ep"Eprot 

1 2 3 4 5 6 7 8 
Mo CONTENT(WT%) 

Fig. 6 - Effect of Mo on the protection potential of Co-25% Cr-Mo al1oys ( 2 4 ) 

alloys is responsible for their susceptibility to crevice corrosion, whereas 
cast Co-Cr-Mo are immune due to presence of Mo. 

Both methods described above imply the application of large 
overpotentlals and hence they do not provide information about corrosion 
rates under normal physiological conditions. The latter normally involve 
very low dissolution rates, assuming that localized attack has not 
installed Itself. Under these circumstances the release of toxic species 
would be minimal and therefore measurements of corrosion rates would 
have l i t t le practical significance. Under fretting, however, the rate of 
metal ion release may become extremely large and then corrosion rate 
determinations may be important. They are often done by indirect methods, 
i.e. either analysing urine and blood for the wanted metallic elements or 
determining the polarization resistance, R , 

either by linear sweep polarization or by the a.c. Impedance technique, in 
which case 

R p = ( , 1 m R
2 ) E-Ecorr 

w+0 
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where R2 denotes the real part of the complex faradaic impedance and w 
the angular frequency of the a.c. signal. In both cases Rp and i c o r r are 
related by the Stern-Geary equation 

\ = ba.bc . 1 
com 

2.303 (ba+bc) Rp 

where ba and b c are, respectively, the anodic and cathodlc Tafel slopes. Rp 

measurements by the d.c. technique have been conducted on Ni-V-Cr 
casting dental alloys ( 2 5 ) and on alumina sprayed stainless steel ( 2 6 ) . Due 
to the small current densities encountered (ca. 1/M.cm"2) In the latter 
work the authors could not, however, discriminate the influence of 
passivation treatments and size of A1 2 0 3 particles. Other applications of 
Rp measurements w i l l be exemplified later on, when a possible correlation 
between blocompatlblllty and electrochemical parameters Is discussed. 

4.2. Applications to Systems Consisting of Different Materials 

Avoidance of contact between different materials constitutes a 
generalized rule of thumb In corrosion engineering and biomaterlals are, In 
this respect, no exception. In spite of the potential danger of acceleration 
of corrosion kinetics on the least noble material, one must consider the 
dangers of galvanic coupling In a correct perspective. Consider for example 
the anodic polarization curve of Fig. 4. Coupling a passive material to 
another material does not necessarily lead to catastrophic consequences, 
provided that E c o r r does not fal l or rise to potentials close to E p a s s or Ep, 

respectively. Keeping this in mind the question one should ask is wether 
coupling between a particular set of materials can be considered safe or 
unsafe. The question is revelant for a number of applications, like for 
instance: carbon fibre reinforced carbon (CFRC) plates fixed to bone by 
metallic screws ( 2 7 ) , titanium alloy hip prostheses with a cobalt alloy 
head l 2 8 ) , carbon coated metallic heart valves and carbon dental implants 
with metall ic cores. 

Direct coupling and measurement of the galvanic currents < 2 8 _ 3 0 \ as well 
as predictions based on the mixed potential theory ( 1 1 , 2 9 - 3 1 } , have both 
been used. The latter method is il lustrated in Fig. 7 for a stainless 
steel/carbon couple. The anodic polarization curve of stainless steel was 
drawn In a deaerated solution, considering that corrosion occurs almost 
always at crevices, where a medium depleted In oxygen exists. The 
cathodic polarization curve of carbon was drawn in a solution saturated 
with oxygen. 
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A comparison between both methods is given in Table IV for couples of 
carbon with 316L stainless steel, a Co-Cr-Mo alloy and TI6A14V a n o y t 3 0 ) 

TABLE IV - CORROSION CURRENTS (nA) FOR GALVANIC COUPI FS  
WITH CARBON 

METHOD 316LS.S Co-Cr-Mo T16A14V 

Z.R.A. 1300 120 5 
M.P.T. 920 16 1035 

Z.R.A. - Zero resistance ammetry 
M.P.T. - Mixed potential theory 

A good agreement Is obtained for the f i rst two alloys, whereas for 
T16A14V the discrepancy Is very significant. For this alloy application of 
the mixed potential theory gave too high corrosion rates for considering 
them representative of the actual currents flowing In a couple. The reason 
for the discrepancy Is probably associated with the fast potentioklnetlc 
technique used for determining the anodic polarization curve, which does 
not enable a sufficiently protective oxide to form on the electrode surface. 

4.3. Applications to Coated Materials 

Coated biomaterials are relatively new. Metallic beads or mesh have been 
used to providing a porous surface Into which connective tissue can grow, 
as a means of strengthening the bonding of Implants to bone. This method 
has gained great importance in femural hip replacement, in which 
smooth prostheses were previously fixed to the bone by an acrylic bone 
cement. High failure rates with use of cement In active patients ( 3 8 ) , 
temperature rise during pollmerizatlon (leading to tissue necrosis), and 
toxicity of the monomer are leading progressively to the replacement of 
smooth prostheses by porous prostheses. 

Prostheses with a metallic porous coating have, however, some drawbacks. 
One Is bead loosening and the other Is Increased metal Ion release. Loose 
beads were found In the synovial f luid after revision arthroplasty 
involving a cast cobalt chromium coated tibial p lateau ( 3 9 ) . An Increase In 
surface area, the occluded geometry of the pores and the possibility of 
occurrence of crevice attack at the points of contact between beads or 
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wires may al l be responsible for enhanced metal ion release. The pitting 
potential of stainless steel decreases by ca. 400 mV upon coating with 
metallic beads of the same m a t e r i a l ( 4 0 ) , as seen in Fig. 8. The same figure 
shows that no f i lm breakdown occurs for titanium. In this case the passive 
current density increases as a result of the greater surface. Based on 
these simple screening electrochemical tests It may be concluded that 
titanium can be used without risk of localized corrosion, whereas coated 
stainless steel is not recomended. 
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CURRENT(jjA) 
10" 

Fig. 7 - Application of the mixed potential theory to the prediction of 
galvanic corrosion currents flowing in stainless steel/carbon couples ( 3 0 ) 

Dense alumina is being increasingly used for the head of femural 
prostheses due to i ts high wear resistance and to i ts practically inert 
behaviour in the body. Attempts to use it as a coating of stainless steel 
have not yet overcome two major diff iculties: brittlness of the coating, 
and transformation, during plasma spraying, of relatively 1nertoC-Al 20 3 to 
soluble ^ - A 1 2 0 3 . Release of aluminium ions causes concern because of the 
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mounting evidence that it may inhibit bone formation M , ) , leading to 
various forms of osteomalacia. In terms of corrosion behaviour of the 
substrate Santos and M o n t e l r o ( 4 2 ) report a decrease in the passive current 
density of 316L stainless steel, associated with partial shielding of this 
material by a porous A 1 2 0 3 coating (see Fig. 9). Introduction of an 
intermediate sprayed coating for improved adhesion leads to a reduction in 
the corrosion resistance of 316L stainless s t e e l ( 2 6 ) . 

ElmV.sHE 

1000 -

10 10 100 
LOG i, A.nnf2 

500 

0.1 10 

LOG i. A.m2 

Fig. 8 - Anodic polarization curves of porous and dense (a) AISI 316L 
stainless steel and (b) titanium in Hank's solution at 3 7 9 C ( 4 0 ) 

5. Aggressive and Inhlbltlve Species In Physiological Media 

The main ions present in the extra cellular fluid are Na + , K + , C a 2 + , M g 2 + and 
Cl~. Of these only Cl~ is aggressive, its concentration being about 
100 mM/1 ( 3 2 ) . The role of chloride ions in localized corrosion is well 
known, and hence no special mention need be made about the way it 
influences passive f i lm stability and corrosion kinetics. It is more 
interesting to consider the effect of organic species 1n these processes, 
and particularly that of proteins. In spite of the Importance of the subject 
the number of works published Is very scarse. From existing data It 
appears that their effect depends on wether static or fretting corrosion 
are taking place. They have a distinct Inhibitory effect on the corrosion 
rate of stainless steel under f r e t t i n g ( 3 3 > 3 4 ) but under stat ic conditions the 
results are contradictory <34'35). 
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Fig. 9 - Anodic polarization curves of AISI 316L stainless steel before (b) 
and after (a) plasma spraying with <x>Al 2 0 3

( 4 2 ) . The solution composition 
is the same given in Fig. 5; room temperature 

Early results of Revie and Greene ( 3 6 ) , which show that Isotonic saline 
solution (0.9% NaCl) Is considerably more corrosive towards titanium than 
living tissue (rabbit and dog), could be interpreted as a sign of the 
favourable influence of proteins on corrosion kinetics. Their results, 
obtained by linear polarization measurements, are shown in Fig. 10. 
The complexity of the processes occurring in living tissue do not permit, 
however, a straightforward correlation, since many other factors may play 
a significant role. At present It Is not legitimate to conclude that a living 
organism is less aggressive than current physiological test solutions, 
simply on the account of the above results. In fact exactly the opposite 
conclusions have been reached in fatigue testing of stainless s t e e l ( 3 7 ) . 

6. Application of Electrochemical Techniques in Biocompatlbiu-
ty Testing 

Severe restrictions exist In most european countries regarding animal 
experimentation. This, together with the variability of results and costs, 
have provided strong arguments in favour of a series of laboratory 
experiments aimed at predicting the behaviour in vivo. Animal 
experimentation w i l l always have to be done but improvement of in vitro 
techniques w i l l gradually reduce the number of such experiments. 

A few attempts have been made to apply simple electrochemical tech
niques in predicting biocompatibility of metall ic materials. The works 
carried out by Sawyer and coworkers ( 4 3 ' 4 4 ) at the State University of New 
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York, constitute perhaps the best and most complete example of the 
usefulness of these techniques so far. As an example, Table V relates the 
tendency for thrombus formation on various metals with the corresponding 
corrosion potentials, E c o r r . Thrombus deposition does not occur on those 
metals that have a E c o r r higher than the equilibrium potential. Metals with 
a tendency to go into solution w i l l therefore tend to be antithrombogenic. 

10 

Fig. iO - Comparison of the in vivo and in vitro corrosion rates of 
titanium 1 3 6 '. 1 - isotonic sodium chloride; 2 - rabbit and dog 

More recently Steinernann t 4 5 J has related toxicity of various materials 
with their polarization resistance, 1̂ , in the rabbit. Fig. 11 shows that 
toxic metals tend to have lower Rp than inert materials. Intermediate 
behaviour involves those materials that form a connective tissue 
membrane around the implants. Gold and silver are in this group. They are 
not as resistant to degradation in tissues as other materials, often 
considered less noble, like 316L stainless steel. This is probably 
associated with complex formation. 

The polarization resistance method has also been employed by Zitter and 
Plenk ( A 6 ) , who measured R p i n a K4Fe (CN)6/K3Fe (CN)6 redox system. They 
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TABLE V - nFPFNDFNCF OF THROMBUS DEPOSITION ON E ° AND TABLE V 
^corr 

METAL E° M / M
n + (V/NHE) E c o r r (V/NHE) THROMBUS 

Mg -2.375 -1.360 No 

Al -1.670 -0.750 No 

Cd -0.402 -0.050 No 

Cu 0.346 0.025 Yes 

N1 -0.230 0.029 Yes 

Au 1.420 0.120 Yes 

Pt 1.200 0.125 Yes 

found this system appropriate because the free corrosion potentials were 
close to those measured in tissue culture fluid. Differentiation between 
materials behaviour was greater, however, for what they call the "straddle 
test". The test applies a constant potential difference of 250 mV between 
two identical electrodes and measures the current vs. time curves. The 
Idea is to simulate the behaviour of materials In contact with tissues 
with different degrees of oxygenation. Gold, stainless steel and 
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Fig. 11 - Polarization resistances grouped according to tissue reaction of 
m e t a l s ( 4 5 ) 
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cobalt-based alloys gave the highest currents, both In the "straddle tests" 
and by the polarization resistance method. Separate experiments have 
shown that human fibroblast growth Is inhibited by gold and stainless 
steel and that bone-healing is disturbed by these materials. On the basis 
of their work they conclude that the higher the current densities the 
worse the biocompatibillty. If further work confirms this conclusion, 
electrochemical methods could become invaluable in predicting the 
behaviour of biomaterials in vivo. 
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