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Abstract

The corrosion behavior of combinations of materials used in an orthopedic implant: the spherical part (forged or forged and
annealed) constituting the head, the weld (tungsten inert gas (TIG) or electron beam (EB) techniques), and the cylindrical part
(annealed) constituting the shaft of a femoral prosthesis } has been investigated. Open-circuit potentials, potentiodynamic curves,
Tafel slope, mixed potential theory and susceptibility to intergranular attack are electrochemical and chemical procedures selected for
this work. Electrochemical measurements using a microelectrode have been made in the following zones: spherical part, cylindrical
part, weld, and weld/sphere, and weld/shaft interfaces. To detect intergranular attack, the Strauss test has been used. At the interfaces,
corrosion currents, measured (I

#033
) and predicted (I

#061-%
) are low, in the order of the pico- to nanoampere. The electrochemical

behavior of the electron beam (EB) weld is better than that of the tungsten inert gas (TIG). Welds at interfaces can behave either
anodically or cathodically. It is better if welds, which are sensitive parts of the femoral prosthesis, behave cathodically. In this way, the
risk of starting localized corrosion (pitting, crevice or intergranular corrosion) from a galvanic couple, remains low. From this point of
view, the sample with the EB weld o!ers the best behavior. All the other samples containing a TIG type of weld exhibit a less favorable
behavior. The mechanical treatments (forged, and forged and annealed) of the steel sphere did not show any di!erence in the corrosion
behavior. No intergranular corrosion has been observed at the weld/steel interface for unsensitized samples. With sensitized samples,
however, a TIG sample has exhibited some localized intergranular corrosion at a distance of 500lm along the weld/stainless steel
(sphere) interface. ( 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Certain types of orthopedic implants such as mono-
bloc hip stems are often made of two elements welded
together. The reasons for doing such joining are rather
technical or commercial in nature than based on a clini-
cal demand. Welding may reduce the cost of manufactur-
ing the implants and makes production more easy.
Welding together two di!erent parts leads to the selec-
tion of materials more adequate to the function of the
said part. E.g. in monobloc hip implants, the stem part
may be manufactured out of low-carbon, high-strength
forged CoCrMo alloy and the head part out of high-
carbon, cast and wear-resistant CoCrMo alloy.

Nevertheless, welds are recognized as zones which are
particularly sensitive to corrosion [1,2]. The in vitro
corrosion tests usually selected for this type of system are
tests for fretting corrosion [3}11], or fatigue and stress
corrosion tests [12}17], as well as the analysis of the
metallic cations released in synthetic physiological solu-
tions [4}6,11,18]. In vivo investigations on the corrosion
resistance and analyses of released metallic ions have also
been performed on prosthetic systems [19}22]. In
a welded system, the weld itself often represents a cor-
rosion-prone area. Welding operations a!ect the proper-
ties of the weld and of the adjacent alloy. This includes
microsegregation, precipitation of secondary phases,
formation of unmixed zones, recrystallization and grain
growth in the weld heat-a!ected zone (HAZ), volatiliz-
ation of alloying elements from the molten weld pool and
contamination of the solidifying weld pool [1]. It is often
di$cult to determine why welds corrode. Several factors
are involved, like weldment design, fabrication technique,
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Table 1
Nominal composition of the REX 734 type implant steel

Composition
(wt%)

C Cr Ni Mn Mo Nb N

(0.06 21.00 9.00 4.00 2.20 0.40

weldment practice, weldment sequence, moisture con-
tamination, organic or inorganic contamination, oxide
"lm and scale, weld slag and spatter, incomplete weld
penetration or fusion, porosity, cracks (crevices), high
residual stresses, improper choice of "ller metal, "nal
surface "nish, etc. [1].

The clinical consequences of at least partially corrod-
ing implants are well known: Release of solutes, i.e. the
corrosion products, at an implant site may cause his-
tological changes in the local tissue by either direct toxic
e!ects or a local hypersensitivity reaction, since elemen-
tal nickel, cobalt and chrome as well as their compounds
are known allergens. This adverse biological response of
the tissue surrounding the implant may for example
cause loosening of a part of joint replacement and lead to
a revision surgery of the said orthopedic implant. On the
other hand, it cannot be assumed that all the released
material or ions will remain permanently localized to the
implant site. Dissolved metals can gain access to the
blood stream with the possibility of distant toxic e!ects
[23}30]. However, a thorough literature search was not
able to produce any reference on the speci"c corrosion
behavior of welds in orthopedic implants. Therefore, it
has been decided to investigate the e!ects of two types of
well-known and commercially used welding systems, to
select the least o!ensive one for orthopedic applications.

In the present study, a model orthopedic system was
studied. The system was composed of the following:
cylindrical part/weld/spherical part. Such a construct
mimics the joining of the neck of a femoral stem to the
femoral head part. In the orthopedic "eld, the use of the
so-called REX 734 stainless steel (X4CrNiMnMoNbN
21-9-5-2) becomes more widespread. The interest of the
REX 734 type steel is based on the following facts:

f high strength, even in the annealed conditions;
f high work hardening rate, i.e. large strength potential

for work-hardened semi-products;
f high corrosion resistance;
f competitive price.

On the other hand, due to its high nitrogen content, the
machining of REX 734 type material is far from being
easy. Consequently, welding this stainless steel to minim-
ize machining operations may become commercially
attractive. On this background, a basic study on the
corrosion of welds in REX 734 implant steel was in-
itiated. Mainly, the interfaces weld/stainless steel ob-
tained with di!erent welding techniques will be studied:
electron beam and tungsten inert gas. The microelectrode
technique will be applied.

The microelectrode technique allows the acquisition of
information related to the electrochemical behavior of
welding interfaces in a `reala orthopedic system, and thus
allows to compare with results obtained from prediction
techniques.

In the orthopedic prostheses "eld, the use of the so-
called REX 734 stainless steel for load-bearing implants
is becoming widespread. The interest of the REX 734
type steel is based on the following facts:

f growing use of REX 734 type steel (X4CrNiMn-
MoNbN 21-9-5-2) for orthopedic implants;

f importance of the joining for certain types of implants
(e.g. Monobloc hip stems, spine systems, etc.);

f investigation of welding as a joining method for REX
734.

2. Materials and methods

For the sake of simplicity, the weld joined a cylindrical
and a spherical (conical) part, representing approxim-
ately the shape of a femoral prosthesis. The diameter of
the samples at the weld was about 42mm, giving rise to
a length of the weld of about 132mm. Two types of
welding methods have been used:

f electron beam welding (EB, in vacuo, fully automatic,
without any "ller metal);

f tungsten inert gas (TIG, in protective atmosphere,
semi-automatic welding devices, "ller metal standard
1.4316).

The cylindrical parts were machined out of commercial
semi-products in the annealed (recrystallized) conditions.
Two di!erent metallurgical conditions are performed
for the spherical (conical) part: (a) forged and (b) forged
and annealed at 10503C for 1 h with the water quench
treatment.

The nominal composition (wt%) of the REX 734 type
steel is shown in Table 1.

For the cylindrical parts, two di!erent lots of REX 734 d
from the same supplier have been used; lot A and lot B.
The two types of welding and two metallurgical treat-
ments therefore led to four orthopedic system combina-
tions (Table 2).

2.1. Specimens

Two transversal and two longitudinal sections have
been made to obtain four identical samples (Figs. 1
and 2).
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Table 2
Combination of materials used in orthopedic implants

Code orthopedic
system

Materials

Spherical part Weld Cylindrical part

1 Forged EB Annealed (A)
2 Forged TIG Annealed (B)
3 Forged and annealed EB Annealed (A)
4 Forged and annealed TIG Annealed (B)

Fig. 1. Schematic presentation of sample preparation.

Fig. 2. Experimental setup with the electrochemical microcell.

For the corrosion tests using the microelectrode tech-
nique, a sample has been embedded through the welding
site, and polished with 1lm diamond paste.

To evaluate the corrosion resistance of the system
weld/stainless steel, two corrosion tests were performed.

2.2. Microelectrode technique

Experimental setup with the electrochemical microcell:
In order to perform corrosion tests within the range of
1lm, it is necessary to reduce the surface area of the
sample. In general, two techniques are available:

(a) the "rst possibility is to use a mounted wire. The
disadvantage of this technique is that wires can be
obtained only from a few commercial steels;

(b) the second possibility is to cover part of sample's
surface with a protective lacquer (photolacquer). The
disadvantage of this technique is the possible detach-
ment of the lacquer in cathodic polarization and
only one measurement per sample is possible.

Because of the above-mentioned problems, the size of
electrochemical cell itself has been modi"ed. Fig. 3 shows
the experimental setup with the electrochemical microcell
used. It is made of a truncated conical electrochemical
cell with a capacity of 0.7ml. The opening in the measur-
ing area is 400lm in diameter. The reference electrode is
a saturated calomel microelectrode (SCE), obtained from
Microelectodes, Inc., Londonderry, New Hampshire,
USA. It is placed at a distance of 4mm from the surface
of the working electrode. The counter-electrode is made
of a platinum wire. The working electrode is the embed-
ded sample, connected to a di!erential electrometer. The
microcell is thus moved along the polished surface of the
sample, to perform the various electrochemical measure-
ments. The system used allows a displacement of the
electrochemical microcell along three orthogonal axes.
The whole electrochemical setup has been placed in
a Faraday cage, and was controlled by an EG&G Par
model 273A potentiostat, which has been modi"ed ac-
cording to the manufacturer's instructions for a 1 nA
current range and 10 pA current noise. A quite similar
system has been used by BoK hni et al. [31}33].

Testing medium: NaCl 0.1 M solution.
Electrochemical parameters: Electrochemical para-

meters investigated were as follows:

f open-circuit potential (E
0#

) for 1 h period;
f potentiodynamic polarization curves from 250mV

versus E
0#

to 500mV;
f Tafel slopes and calculation of the corrosion currents;
f application of mixed potential theory.

Measurements have been made in the spherical part
(stainless steel), in the cylindrical part (stainless steel), in
the weld, and at the interfaces weld/cylindrical part, and
weld/spherical part (Fig. 3). Potential scanning for the
potentiodynamic polarization curves in the anodic zone
has been limited up to 500mV to avoid gas evolution
(oxygen), which, in a capillary system, could possibly stop
the current #ow or increase the resistance in the electro-
lyte (IR).
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Fig. 3. Topography of the measurement zones in sample d1; stainless steel stem zone; stainless steel sphere zone; welding zone.

Interfaces form galvanic assemblies (a pair of dissim-
ilar conductors, commonly metals, in electrical contact).
Therefore, the electrochemical values E

#033
and I

#033
as

measured at the interfaces can be added to the values of
galvanic couples (E

#061-%
and I

#061-%
).

For the measurements at the interfaces, the microelec-
trode has always been placed so that half of the surface
was on each side of the interface. Therefore, the ratio of
the surfaces for the galvanic couples has always been
equal to 1.

2.3. Intergranular test, Strauss method

Another type of corrosion may develop in the case of
welds: intergranular corrosion [1,2]. The behavior of
welds in intergranular corrosion has also been investi-
gated using the Strauss method, according to ASTM
A 262-90, Practice F [34]. For each orthopedic system
combination, three samples have been tested (Fig. 2): two
of them have been sensitized by a thermal treatment
(6803C for 1 h), and one was not. Particular attention has
been paid to the interfaces weld/stem and weld/sphere,
since these zones are usually prone to intergranular
corrosion because of the structural perturbations.

Testing conditions: 120 h at boiling temperature in
a medium containing copper sulfate}metallic copper}sul-
furic acid at 50% (236ml H

2
SO

4
, 72 g CuSO

4
) 5H

2
O,

110 g metallic copper and 400ml distilled water). After
the test, samples are rinsed in deionized water, washed in
diluted nitric acid, rinsed again in deionized water, and
dried. Samples have been observed with low-power op-
tical microscopy, and with scanning electron microscopy.

2.4. Surface analysis

Some of the corroded zones of samples were observed
by scanning electron microscopy (SEM). A JEOL JSM

6300 instrument with an energy di!raction X-ray (EDX)
(Link Isis) microprobe was used.

3. Results and discussion

The speci"c microstructures of the welds are generated
by the welding technique parameters. This e!ect has not
been studied speci"cally, and the usual parameters of
each technique have been used, without attempting to
correlate welding parameters with electrochemical be-
havior. However, changes in susceptibility to corrosion
have been observed among samples from the two welding
techniques, as described below.

3.1. Electrochemical investigation

3.3.1. The potentiodynamic polarization curves
Three polarization curves have been traced for each

sample in the parts stainless steel stem, stainless
steel sphere, welding, and the interfaces welding/stem
and welding/sphere. A mean of these measured
potentiodynamic polarization curves has then been
calculated.

These mean polarization curves for welds EB d1, TIG
d2, EB d3 and TIG d4 are shown in Fig. 4.

For the stainless steel parts, mean polarization curves
have been calculated for identical elements as shown in
Table 2. Thus, a unique curve has been established from
the three measured curves for stainless steel sphere,
forged, samples d1 and d2 (6 curves in total, grouped in
a unique mean curve). Then, similarly, forged and an-
nealed stainless steel sphere, samples d3 and d4, stain-
less steel stem Batch A from samples d1 and d3, and,
stainless steel stem Batch B from samples d2 and d4.
The curves resulting from these groupings are shown in
Fig. 5.
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Table 3
Electrochemical parameters calculated from polarization curves

Place of measure Code E
#033

I
#033

a
#

Db
!
D

(mV) (pA) (mV) (mV)

Weld EB d1 #130 491 75 186
EB d3 !131 808 270 242
TIG d2 !235 2191 236 202
TIG d4 !227 2190 221 268

Cylindrical part Annealed A d1,d3 #30 61 147 235
Annealed B d2,d4 !148 181 217 152

Spherical part Forged and annealed d1,d2 !140 166 287 108
Forged d3,d4 !168 218 235 115

Fig. 5. Potentiodynamic polarization curves as measured on stainless
steel (stem and sphere). Mean value of the measured curves on stem
samples d1, d3 (Cyl), on stem samples d2, d4 (Cyl), on sphere
samples d1, d2 (Sph), and on sphere samples d3, d4 (Sph).

Fig. 4. Mean potentiodynamic polarization curves for welds EB d1,
TIG d2, EB d3 and TIG d4.

The values of the corrosion current I
#033

and corrosion
potential E

#033
, and the Tafel slopes calculated from the

polarization curves, are shown in Table 3.
From those results, welds of the EB type exhibit a bet-

ter electrochemical behavior than those made using the
TIG welding system. Values of I

#033
are within the range

of several hundreds of picoamperes for EB welds, and in
the nanoamperes range for the TIG welds. EB welding of
sample d1 exhibits the best behavior.

Considering the calculated values for I
#033

(Table 3),
stainless steel samples show a better behavior than the
weldings. From an electrochemical point of view, there is
no visible di!erence among the stainless steel sphere
samples prepared with di!erent mechanical treatments
(forged versus forged and annealed). However, steel from
Batch A used to make the stem part of samples d1 and
d3 has a better electrochemical behavior than the one
from Batch B used to make the other stem samples. The
E
#033

value is in the cathodic range at #30mV, and the
I
#033

value is 61 pA.
Another comparative analysis can be made about

the behavior of the interfaces weld/stainless steel. In
Figs. 6}9, mean polarization curves for the interfaces
weld/stem, weld/sphere, and weld of each sample are
presented.

It is interesting to compare the I
#033

and E
#03

values
measured from the potentiodynamic polarization curves
traced at the interfaces, with the values predicted from
the mixed potential theory (Table 4).

3.3.2. The predicted current and potential after the mixed
potential theory

The direct measurement of galvanic couples provides
information on the intensity of galvanic currents. How-
ever, to better understand the speci"c kinetic parameters
of the galvanic cell, the prediction methods were also
examined. In addition, in this case, several di!erent
methods were taken into consideration: Evans' plot, ap-
plication of the mixed potential theory, plot intercepts
from potentiodynamic polarization curves, and so forth.
For the purpose of this study, the mixed potential theory
was selected.

Galvanic corrosion of alloys treated by the application
of the mixed potential theory was "rst described by
Wagner and Traub [35]. The theory is based on two
simple hypotheses: (1) any electrochemical reaction can
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Fig. 6. Means of the potentiodynamic polarization curves measured
from sample d1; weld EB d1; interface weld EB/cylindrical part;
interface weld EB/spherical part.

Fig. 7. Means of the potentiodynamic polarization curves measured
from sample d2; weld TIG d2; interface weld TIG/cylindrical part;
interface weld TIG/spherical part.

Fig. 8. Means of the potentiodynamic polarization curves measured
from sample d3; weld EB d3; interface weld EB/cylindrical part; weld
EB/spherical part.

Fig. 9. Means of the potentiodynamic polarization curves measured
from sample d4; weld TIG d4; interface weld TIG/cylindrical part;
interface weld TIG/spherical part.

be divided into two or more oxidation or reduction
reactions, and (2) there can be no net accumulation of
electrical charges during an electrochemical reaction.

When two di!erent corroding alloys are coupled electri-
cally in the same electrolyte, both alloys are polarized so
that each corrodes at a new rate [36]. If we apply the
mixed potential theory, which consists of a practical
method for obtaining the sum of the cathodic and anodic
Tafel slopes of the welding and stainless steel couples
studied, we obtain the predicted values E

#061-%
and

I
#033 #061-%

culated couple potentials and currents are
shown in a comparative manner in Table 4.

It appears that the I
#033 #061-%

values are of the same
order of magnitude (hundreds of picoamperes) as the
values measured at the interfaces. The values calculated
from the mixed potential theory are slightly higher than
those measured from the polarization curves. The cur-
rents (I

#061-%
) calculated from the mixed potential theory

are also higher than those measured at the interfaces, and
it con"rms the better behavior of the EB type welds than
those made with the TIG technique (Fig. 10).

The application of the mixed potential theory indicates
that in sample d1, the weld EB d1 is in the cathodic
position as compared to the stainless steel stem and
sphere. However, welds in samples d2 and d4 are in the
anodic position toward the stainless steel stem and
sphere. The weld in sample d3 is cathodic toward the
stainless steel sphere, and anodic toward the stainless
steel stem. In Fig. 11, the relative anodic and cathodic
positions of the materials at the interfaces are shown
according to the mixed potential theory. The intercepts
of the potentiodynamic polarization curves at the interfa-
ces, with those in the welds (Figs. 6}9), lead to the same
conclusion. As always, it is the anodic part which cor-
rodes; since the welds are more sensitive to corrosion, it is
preferable to choose a situation where the welds are in
the cathodic position, as in sample d1. If the weld is in
this cathodic position, the galvanic pile formed at the
interface will not endanger the weld for other forms of
corrosion (crevice, pitting, or intergranular corrosion)
resulting from the galvanic coupling.
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Table 4
Potential and coupling current (E

#061-%
, I

#061-%
): calculated according to the mixed potential theory. Comparison with values calculated from

polarization curves measured at interfaces

Weld Couple with cylindrical part Couple with spherical part

d1, d 3 d2, d4 d1,d2 d3,d4

E
#061-%

I
#061-%

E
#061-%

I
#061-%

E
#061-%

I
#061-%

E
#061-%

I
#061-%

(mV) (pA) (mV) (pA) (mV) (pA) (mV) (pA)

EB d1
Predicted #117 56 * * !49 335 * *

Measured !39 43 * * #21 169 * *

EB d3
Predicted !114 160 * * * * !148 236
Measured !120 138 * * * * !120 68

TIG d2
Predicted * * !213 450 !208 550 * *

Measured * * !144 130 !205 175 * *

TIG d4
Predicted * * !213 417 * * !208 504
Measured * * !178 388 * * !220 222

Fig. 10. Comparative presentation of the coupling currents calculated
from the mixed potential theory, and of the measured corrosion
currents of the welds.

Fig. 11. Assessment of the cathode and anode in the galvanic couples
tested according to the mixed potential theory.

3.2. Detecting susceptibility to intergranular attack

During the evaluation of the tested samples, particular
attention has been paid to the behavior of the interface
weld/stainless steel. Experience has shown that this zone
is most prone to intergranular attack.

After the test for the intergranular corrosion, all sam-
ples have been observed at the interfaces, in the weld, and
in the stainless steel stem and sphere, by optical micro-
scopy (10]enlargement) and by scanning electron
microscopy (100] enlargement).

The examination of these samples shows that in all
non-sensitized samples, the welds do not exhibit inter-
granular attack. Analysis results of samples d2 and d3
are shown in Figs. 12 and 13.

Sensitized samples d1 and d4 do not show inter-
granular corrosion at the two interfaces of the weld with
the two steels.

A sensitized sample d2 does not show any intergranu-
lar attack at the interface weld/stainless steel stem
(Fig. 14); however, at the interface weld/stainless steel
sphere, a zone of about 500]200lm seems to exhibit
some intergranular corrosion (Fig. 15). A higher enlarge-
ment of that zone is shown in Fig. 16.

A comparison of the EDX analyses performed in the
core of a grain and at the grain boundary does not show
any di!erence in the chemical composition. This seems to
prove that there is no detectable dechromized zone
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Fig. 12. Sample Code d2, non-sensitized TIG weld. Scanning electron
microscopy 100]. Weld (w), stainless steel stem (st).

Fig. 13. Sample Code d3, non-sensitized EB weld. Scanning electron
microscopy 100]. Weld (w), stainless steel stem (st).

Fig. 14. Sample Code d2, sensitized TIG weld (6803C, 1 h). Scanning
electron microscopy 100]. Weld (w), stainless steel stem (st).

Fig. 15. Sample Code d2, sensitized TIG weld (6803C, 1 h). Scanning
electron microscopy 100]. Weld (w), stainless steel sphere (sp). The
marked area is shown enlarged in Fig. 18.

Fig. 16. Higher enlargement (600]) of the zone with the alleged inter-
granular corrosion at the interface weld/stainless steel sphere.

Table 5
Semi-quantitative EDX analysis in the zone of intergranular attack for
material d2 (sensitized at 6803C for 1 h)

Cr Ni Mn Mo Si Fe

Surface 21.71 8.98 3.96 2.53 0.29 Balance
Grain boundary 21.70 9.24 3.99 2.18 0.30 Balance

(Table 5). According to Beaunier [37], intergranular cor-
rosion can occur without dechromization (precipitation
of chromium carbides); this is therefore an intergranular
corrosion outside of precipitation. According to the same
author, it is practically impossible to distinguish between
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Fig. 17. Sample Code d3, sensitized EB weld (6803C, 1 h). Localized
corrosion in the weld. 100].

Fig. 18. Same welding zone as shown in sample Code d3, 1000].

Table 6
Summary of observations on the resistance to intergranular corrosion

Welding Code Number of
tested samples

Sensitized
(6803C, 1 h)

Observations

TIG d1 1 No No corrosion at interfaces and in the weld
2 Yes No corrosion at interfaces and in the weld

d2 1 No No corrosion at interfaces and in the weld
(cf. Fig. 12)

2 Yes One localized intergranular corrosion zone
at interface weld/sphere (cf. Figs. 14}16)

EB d3 1 No No corrosion at interfaces and in the weld
(cf. Fig. 13)

2 Yes Localized corrosion on the welding zone
(cf. Figs. 17 and 18)

d4 1 No No corrosion at interfaces and in the weld
2 Yes No corrosion at interfaces and in the weld

the in#uence of the atomic structure of a grain boundary,
and that of the segregation.

Sample d3 (sensitized) shows some localized corro-
sion (pitting) in the weld, for a length of about 5mm
(Figs. 17 and 18).

The non-sensitized sample of the same orthopedic sys-
tem combination (d3) does not present this type of
degradation in the weld (see Fig. 13).

A summary of all the observations for the suscepti-
bility to intergranular attack is presented in Table 6.

4. Conclusion

(a) Electrochemical evaluation:

f The measured corrosion currents I
#033

and the pre-
dicted corrosion currents I

#061-%
are low, in the range of

pico- to nanoamperes. The predicted values I
#061-%

are
always higher than the measured ones.

f The welds of the type EB exhibit a better corrosion
behavior than those of the TIG type.

f It is preferable that welds, which are corrosion-sensi-
tive elements, are in the cathodic position. Therefore,
the risk of starting localized degradations (pitting,
crevice or intergranular corrosion) from the galvanic
pile remains low. From this, sample d1 is better than
the other tested samples, and combinations d2 and
d4 give the worst results.

f No di!erence in the corrosion behavior has been ob-
served among the two di!erent mechanical treatments
of the stainless steel used for the sphere (forged and
forged and annealed).

(b) Evaluation of the susceptibility to intergranular
attack:

f No particular corrosion has been observed at the
interface weld/stainless steel on non-sensitized samples.
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f For sensitized samples, only sample d2 exhibits some
localized intergranular corrosion on a short length
(500lm) of the interface weld/sphere.

f Sample d3 shows localized corrosion on some length
(5mm) of the welding.

f The materials, which exhibited some corrosion (d2
and d3), have nothing in common: welds and stainless
steels used for the stem and the sphere are di!erent
(Table 2).

According to the results obtained in this study, there is
no correlation between the various selected combina-
tions for the assembly of the prosthetic elements studied,
and their corrosion behavior. However, the corrosion
tests performed with the microelectrode demonstrate
a di!erence in the corrosion behavior of the welding
systems used in the fabrication of the orthopedic pros-
theses: the EB welding system is clearly better than the
TIG welding system. The electrochemical measuring
technique used in this study has allowed a "ne evaluation
of the interfaces, which are the most corrosion-prone
zones of the assemblies.

From the corrosion point of view, welding by electron
beam (EB) seems therefore to be a viable method for
joining implant parts made of REX 734 stainless steel,
and should be preferred to the tungsten inert gas (TIG)
welding technique.
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