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Abstract. In the last years, implant materials have gained growing importance in all areas of
medicine. In the human body, materials may be exposed to high mechanical loads which comprise
friction and wear besides multiaxial, multistep fatigue loading. Furthermore, the body electrolyte is
very corrosive containing proteins, enzymes and cells besides salts. Basically, the success of an
implant depends on the interface which develops between the implant surface and the biosystem
and is determined by the surface properties of the implant material. Besides geometrical and
morphological characteristics, electrochemical properties are extremely important. Generally,
corrosion and fatigue tests on implant materials are performed in physiological salt solutions under
strongly simplified (loading) conditions. Concerning the fatigue behaviour, it is hardly known,
however, in which way the complex environmental and loading conditions in the human body
influence the cyclic deformation and crack growth behaviour.

Introduction

Over the last decades, implants have become more and more important in all areas of modern
medicine. First of all, the used materials have to be biocompatible which was defined as the “ability
of a material to perform with an appropriate host response in a specific application” [1]. There is
always some sort of interaction between the physiological environment and the foreign body. This
response is strongly influenced by the surface properties of the implant material. In order to achieve
long term success of an implant, a functional interface between the physiological environment and
the implant has to be formed and maintained. Therefore, not only the material has to sustain the
conditions in the body but also, and first of all, the physiological environment must tolerate the
implant material and structure in an adequate manner.

Under physiological conditions, load bearing implants are subjected to a complex interaction of
mechanical and chemical-biological loading components (comp. [2]). Cyclic loads and media
containing salts in rather high concentrations besides proteins, enzymes, and cells are one aspect of
the in vivo loading scheme. Generally, the mechanical properties of implants and implant materials
are characterised under strongly simplified loading and environmental conditions. How much the
higher complexity of the in vivo conditions comprising the mechanical loading pattern as well as
the chemical-biological environment influences the fatigue life, the cyclic deformation behaviour as
well as crack formation and growth — a state that must never be reached — has hardly been
investigated yet. Fatigue loading and the resulting microstructural changes on the surface may
strongly affect the interface to the living tissue.

Despite their physiological and mechanical relevance, microstructural investigations of the
cyclic deformation behaviour of implant alloys under variable amplitude loading in the crack free
fatigue state in quasi-physiological environment have scarcely been performed up to now.
Especially the influence of proteins is only known roughly. The main question that arises is, how
good the physiological conditions have to be simulated to achieve reliable information on the long-
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term behaviour of implant materials. In the following, the present knowledge on the corrosion,
fatigue, and corrosion fatigue behaviour, mainly of titanium implant alloys, is summarised.

Surface Properties of Metal Implant Materials

Surface Oxide Layer Titanium and its alloys are appreciated as implant materials especially
because of their outstanding biocompatibility and corrosion resistance. These may basically be
attributed to the strongly adherent surface oxide layer of 2 to 10 nm thickness, mainly consisting of
TiO, [e.g. 3-10]. A further property extremely advantageous for biomedical applications is the
spontaneous regeneration of the oxide layer in milliseconds even after damage in poorly
oxygenated media [e.g. 11-14].

While some investigators report the oxide layer to be amorphous [15-17] others describe it to
consist basically of anatase and rutile (TiO,) with a tetragonal lattice structure [13, 14, 18]. In
contrast with the passive layers formed on stainless steel or cobalt and nickel based alloys, which
are electron conductive, titanium forms a semi-conducting passive layer completely ion-conducting
at the potential of the physiological environment [16]. Additionally, the diffusion of metal ions or
oxygen through the passive layer is slow, inhibiting redox reactions at the interface nearly
completely. The reactions between biological macromolecules and the surface are controlled by the
electronic structure and the resulting conductivity of the surface thereby determining the
biocompatibility [19]. Such redox reactions may lead to conformational changes of biological
macromolecules possibly transforming native proteins into antigens and thereby informing the
immunological system to recognise an artificial material as a foreign body.

For (a+p)-alloys like TiAl6V4 or TiAl6Nb7, information on the composition of the oxide layer
is contradictory. Some authors report that the passive layers on titanium alloys are not different
from that on pure titanium [3]. Elsewhere it is pointed out that, depending on the phase, the oxide
layers on titanium alloys also contain oxides of the alloying elements [21-24]. The wettability of the
oxides on cp Ti and TiAl6V4 with water, and, therefore, the surface energy, seem to be comparable
according to contact angle measurements [5].

During or after implantation, the relatively thin natural surface oxide layer may be damaged due
to, e.g., scratching or mechanical loading. By means of oxidation and coating methods, the
chemical composition, the structure and the thickness of the oxide layers on the implant surface can
be influenced to optimise the resistance against mechanical damage and, therefore, against
corrosion. Well known methods are acid, thermal and anodic oxidation and the sol-gel-process [e.g.
25, 27-34]. Generally, thermal oxide layers on pure Ti, but also on Ti alloys, predominantly consist
of TiO; in the rutile structure[17, 25, 33]. For certain - and (near j3)-alloys, mixed oxides of Ti and
special alloying elements were observed [33]. Electrochemically prepared oxide layers may be in
the crystalline or amorphous state depending on the anode potential and the used electrolyte
solution [13, 34]. Scratch tests in Hanks’ solution and calf serum showed that thermal oxide layers
behave rather brittle with cracks and splitting near the scratch line, while anodic oxide layers
deform plastically together with the substrate. During repassivation, ions of the medium were
incorporated in the newly formed oxide layer and proteins were adsorbed [35, 36].

Corrosion Behaviour. As compared to cobalt base alloys, titanium and its alloys exhibit a
superior corrosion resistance [37]. Under in vivo conditions, breakthrough of the passive layer has
never been observed [38]. Pitting und crevice corrosion were neither found on implants of titanium
alloys nor of cobalt base alloys [cited in 39, 40] under in vivo conditions while in vitro tests in
isotonic saline solution indicated a weak susceptibility of the latter material class [41]. Even
though, in contrast with pure titanium, transient microscopic breakdown of the oxide layer was
described to occur in titanium alloys [42]. Cp-titanium exhibits lower current densities than
TiAl6V4 and several - and (near B)-alloys [25]. Only the alloy TiTa30 shows a value near that of
cp titanium.
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Anyway, there are reactions between the surface and the surrounding liquid which in vivo lead to
a thickening of the oxide layer [13, 38]. These reactions result in a release of species containing
titanium and/or, possibly, alloying elements, into the surrounding tissue and in adsorption of
oxygen containing species from the biological liquids to the surface. The corrosion resistance of cp-
titanium, the (a+p)-alloy TiAl6V4 and various P- and (near [)-alloys can be improved by
increasing the oxide thickness to around 100 nm, independent of the oxidation procedure [25, 33].

The open circuit potential (OCP) depends strongly on the alloy composition and the surface
treatment [43]. For example, the OCP of the B-alloy TiNb13Zr13 is lower than that of TiAl6V4 in
the natural state but increases to a similar value after diffusion hardening. A further indicator for a
high corrosion resistance is a high polarization resistance which is at least two magnitudes higher
than the values observed for the stainless steel 316L and the Co-Cr-base alloy Vitallium [33, 44].
The reciprocal polarisation resistance is proportional to the rate of electron exchange and correlates
well with fibrinogen retention data. The rate of electron exchange was shown to have a significant
effect on the type and magnitude of interaction between fibrinogen and the surface with a greater
rate of electron exchange resulting in stronger protein-surface interactions [45].

An important factor determining the corrosion resistance of titanium alloys is the microstructure,
that is the phase composition and form. TiAI6Nb7 specimens alloyed with a certain amount of Ta to
improve the corrosion resistance were subjected to different heat treatments. Independent of the
microstructure, all specimens remained in the passive state up to a potential of 1 V. Nevertheless,
microstructures with a more even distribution of the alloying elements had an improved corrosion
resistance as compared to two-phase microstructures with pronounced differences in the content of
the alloying elements.

Under physiological conditions, implants are not exposed to pure salt solutions but to protein
containing serum. Nevertheless, corrosion tests on implant materials are generally performed in
simulated body solutions like physiological saline, Ringer’s or Hanks’ solution. These simulated
body solutions approximate the in vivo conditions concerning the ion strength and, possibly, the
content of anorganic salts. The influence of proteins and enzymes is only considered in a very low
number of investigations with sometimes contradictory results. The difference between testing in
pure salt solutions or simulated body fluids containing proteins may, therefore, be important. While
storage of CoCrMo-alloy powder in albumin solution resulted in selective dissolution of cobalt and
molybdenum and formation of a chromium rich outer layer, the corrosion of titanium and
aluminium was not influenced [38]. Other investigators report a decreased corrosion resistance of
TiAl6V4 in albumin containing Ringer’s solution. In a further investigation, an albumin containing
0.15 M NaCl-solution caused more corrosion damage on a cast CoCr alloy and pure chromium than
the pure salt solution [46].

Fatigue Properties

Life-oriented Investigations. The microstructure and the mechanical properties of titanium and its
alloys are essentially influenced by the forming conditions and the various thermomechanical
treatments. Previous work on the fatigue properties was mainly life-orientated. The influence of the
microstructure, different surface treatments, the loading conditions, the temperature and different
corrosive media on the endurance limit was investigated thoroughly [47-64]. For commercially pure
titanium (cp-Ti), the forming conditions and the state of solution hardening are important factors
determining the fatigue strength. In Fig. 1, S, N-curves for stress-controlled loading of warm
formed cp-Ti grade 2, cold formed cp-Ti grade 4 and the binary alloy TiAl6V4 with a fine globular
microstructure are shown [65]. Due to solution and strain hardening, the grade 4 material exhibits
higher fatigue strength values as compared to the grade 2 material. As expected, the fatigue strength
of the TiA16V4 alloy is even clearly higher than for the cold formed cp-Ti grade 4.
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In the case of (a+p)-alloys, globular microstructures exhibit higher endurance limits than
lamellar ones [47]. Generally, however, the latter have a higher resistance against crack growth and
creep failure [66]. Therefore, globular microstructures are prescribed for implant alloys. In the high
cycle fatigue regime, near-a and (o+f) titanium alloys can be extremely mean stress sensitive [67].
This means, that the HCF endurance limit at low tensile mean stresses is much lower than expected
from a linear interpolation between the fatigue strength at R=-1 and the ultimate tensile
strength[55, 56, 67].

] R=-1,f=5Hz
700 ¢ " .- laboratory air
-
]
600 ° mlf
E ® cp-Ti Grade 4 -
S 500 71 4 cp-TiGrade 2 .
S m Ti Al6 V4 ® .
400 + ]
300 1 “ Fig. 1:
A . N A S, N-curves from axial
200 stress-controlled  loa-
o gt T e r e ot . | ding of ep-Ti grades 2
10 10 10 10 10 10 and 4 and TiAl6V4 at
Ny R =-1[65].

Surface hardening methods like cold rolling or shot peening induce compressive surface residual
stresses which in principal increase the endurance limit and decrease the crack growth velocity. In
the case of a degeneration of the residual stresses, however, the influence of the surface roughness
predominates so that the endurance limit and the crack growth velocity are influenced negatively
[50-53]. The endurance limit is determined by the resistance against crack formation as well as
crack growth. Therefore, the mechanical properties of (a+f)-titanium alloys may be specifically
influenced by an appropriate combination of thermomechanical treatments and surface hardening
[68].

Generally, fatigue tests on metal implant materials with different surface conditions were
performed life orientated in physiological salt solutions under constant amplitude loading.
Overloads, as they may occur, e.g., during stair-walking, resulted in a pronounced decrease in the
fatigue life of TiAl6V4 specimens in 4-point bending tests also when the tests were performed in
laboratory air [69]. Nevertheless, they are mostly not considered.

Cyclic Deformation Behaviour. Compared to life-orientated experiments, the cyclic
deformation behaviour of titanium and its alloys has been examined to a much lesser extent. Cold
working has a strong influence on the cyclic deformation behaviour. While hot worked cp-Ti grade
2 exhibits characteristic cyclic softening and hardening phases, cold worked cp-Ti grade 4 shows
continuous softening [63]. The cyclic deformation behaviour of TiAl6V4 after different thermal
treatments was examined at room and increased temperatures in [69, 71-76]. Generally, the cyclic
deformation behaviour of TiAl6V4 is characterised by cyclic softening [68, 70, 71, 73]. The cyclic
softening, the strong Bauschinger effect and the high rate of cyclic hardening in a given hysteresis
loop are due to the nature of the restricted slip process in the binary TiAl6V4 alloy [70, 71]. They
play an important role in the crack nucleation process. Further, cross-slip is hardly possible, which
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makes the fatigue induced microstructural changes strongly dependent on the loading history. The
strongly path dependent dislocation content and behaviour result in different CSS-curves when the
loading amplitude is decreased after preceding higher loading cycles.

0.5 : - 50 800
|| Load increase test R |
Gamin = 300 MPa, AN, = 2x10*
0.4 7 Ac, =25 MPain AN = 108 40 700
0.3 | TiAlBV4 30 600
|| R=-1,f=5 Hz, laboratory air, RT J_rl / | I Fig. 2:
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N (109) -
=5 Hz) [77-79].

As mentioned above, temperature measurements are very well suited for characterising fatigue
processes [80-82]. As compared to single step tests, load increase tests in combination with
mechanical hysteresis and temperature measurements offer a good possibility to determine the
cyclic yield strength of a material with a very limited number of specimens [80, 81, 83-85]. The
cyclic yield strength represents an estimation value of fatigue strength as has been shown for
different steels with ductile microstructures by correlating results of load increase and single step
tests [81, 84]. Also for high strength materials as the steel 42CrMo4 in a quenched and tempered
state exhibiting very small plastic deformation values, cyclic temperature curves allow the
estimation of the fatigue limit while this is not possible with mechanical hysteresis measurements
[85]. For high strength and brittle materials, very localised and inhomogeneous plastic deformations
are often not measurable due to the integral strain measuring principle. In Fig. 2, characteristic plots
of the temperature and the plastic strain amplitude versus the number of cycles are shown for
TiAl6V4 [86]. The temperature change indicates microstructural damage at a much lower stress
amplitude than the plastic strain amplitude does. Up to a stress amplitude of 375 MPa hardly any
change of the temperature can be observed. This initial phase is followed by a slight temperature
increase which can be fitted by a linear function. When the stress amplitude is increased to
0, =525 MPa the temperature increases more intensely due to intensified plastic deformation
processes. From o, =575 MPa onwards, the temperature increase is even more pronounced. As
outlined above, this pronounced temperature increase at o, = 575 MPa yields an estimation value
for the cyclic yield strength which itself can be used to estimate the endurance limit [80, 81]. At the
beginning of loading the plastic strain amplitudes are very small in the range of the resolution of the
capacitive strain sensor. A more pronounced increase in the plastic strain amplitude is first observed
for a stress amplitude of 575 MPa. The evaluation of the temperature- and plastic strain amplitude-
curves yielded an estimation value for the endurance limit of TiAl6V4 for loading in laboratory air
of Rp it = 600 MPa. For TiAl6Nb7 the estimation value was 650 MPa.

The SEM and TEM micrographs in Figs. 3 and 4, respectively, show the very fine, equiaxed
microstructure according to DIN ISO 5832 part 3 which only slightly differs in the transversal and
longitudinal direction. As proven by energy dispersive X-ray analysis, the small grain in the centre
of the TEM micrograph in Fig. 4 a is a  grain surrounded by different grains of the o phase. A
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grain boundary can be seen in the upper left part of the micrograph. The microstructure of the
TiAl6Nb7-alloy is shown in the SEM and TEM micrographs below (Figs. S5, 6). In the Nb-
containing alloy, the grains of the  phase are more stretched as compared to the V-alloyed one.
This differ

Fig. 3:

SEM: Fine globular mi-
o : crostructure of the alloy

oross-section TiAl6V4 [77-79].

Fig. 4:
TEM: Cross-section of
TiAl6V4 with a fine
globular microstructure
[79, 86]

Fig. 5:

SEM: Fine globular mi-
. crostructure of the alloy
cross-section 6 pym long. section (drawing dir. <—) | 6Hm TiAl6Nb7 [77-79].

Fig. 6:

TEM: Cross-section of
TiAl6Nb7 with a fine
globular microstructure
[79, 86].
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Microstructural Investigations of Fatigue Damage. Microstructural fatigue damage was
examined by light and scanning electron microscopy for defined fatigue states and after specimen
failure and correlated with the measured development of the hysteresis parameters as well as the
temperature [87]. Figure 7 shows the surface of a TiAl6V4 specimen axially tested in a stepwise
load increase test in laboratory air. When replicas indicated surface damage at a stress amplitude of
600 MPa, the test was interrupted and the specimen surface was examined by scanning electron
microscopy. Besides marks originating from the mechanical polishing procedure, deformation lines
were observed parallel and under an angle of about 30° towards the long axis of the specimen and
the loading direction, respectively. XRD measurements revealed a slight <10T0> texture of the o

phase nearly parallel to the longitudinal rod axis which is due to the combined cold and warm
drawing process during fabrication. The c-axis of the hexagonal unit cell is inclined by 70° versus
the longitudinal rod axis thereby lying vertical to the rod surface along the rod diametre. The
prevalent orientation of the slip bands corresponds to the measured texture of the material and the
slip systems of the hexagonal lattice structure.

Fig. 7:
Development of micro-
structural damage on
the surface of TiAl6V4
(load in-crease test, R =
-1, f = 5 Hz, labor. air,
y = g . _+ || RT, 6amin = 100 MPa,
e e : Nyep = 10%, Ac, = 50
MPa in AN = 10°,
N = 9.8104 1 loading direction <)

[87].

Corrosion Fatigue Properties

Fatigue Life Behaviour. Fig. 8 shows S, N-curves for stress-controlled axial loading of cp-Ti
grade 4 in laboratory air and Ringer’s solution [65]. For stress amplitudes lower than about
500 MPa, loading in Ringer’s solution results in a distinct reduction of fatigue life as compared to
laboratory air. In the range of finite fatigue lives, the S, N-curve further exhibits a much higher
slope. As expected, the influence of the Ringer’s solution therefore becomes stronger with
increasing fatigue life. As shown above for laboratory air, the (a+f3)-alloys TiAI6Nb7 and TiAl6V4
generally show higher fatigue limits as compared to the cp-Ti grades [77, 78].

While physiological saline solution did not decrease the fatigue lifetime of TiAl6V4 and
TiAl5Fe2.5 specimens in rotating bending tests, the lifetime of TiAl5Fe2.5 specimens was
decreased after implantation in the soft tissue of rabbits for eleven months. The authors attributed
this to the lower oxygen content in the tissue as compared to oxygen saturated testing media as
specimens tested in Ringer’s solution saturated with nitrogen instead of oxygen exhibited lower
fatigue strength values as compared to specimens tested in air or oxygen saturated Ringer’s solution
[88]. The decrease in fatigue strength became apparent for fatigue lives higher than about 2 x 10°
cycles and was even more pronounced for fatigue lives higher than 2 x 10° cycles. This clearly
indicates a corrosion process acting together with the mechanical loading as repassivation of
damaged surface areas is not possible in the nitrogen saturated medium. However, in the case of the
implanted specimens, they must have experienced some sort of surface damage or change during
implantation in the absence of mechanical loading which then was detrimental to their mechanical
stability during cyclic loading in an oxygen saturated environment.
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Cyclic Deformation Behaviour. While fatigue life data are readily attained from rotating
bending tests, information concerning the cyclic deformation behaviour of the specimens cannot
easily be yielded. For testing in corrosive media, corrosion potential measurements are very suitable
to gain information on surface damage. Under equilibrium conditions, passivating materials like
titanium and its alloys exhibit a constant free corrosion potential in electrolyte solutions. At the
beginning of testing, the measured value actually is the free corrosion potential of the oxide layer in
oxygen saturated Ringer’s solution. This potential was measured by an Argenthal electrode adapted
to a Haber-Luggin capillary. As long as no surface reactions take place the free corrosion potential
stays constant. The possible potential changes under cyclic loading in corrosive media depend on
two competing processes [65, 89]. The generation of new surfaces due to the development of slip
bands and/or crack formation and growth shifts the corrosion potential towards more negative
values. Repassivation occurs instantaneously resulting in a return of the potential towards more
positive values. The actual value of the corrosion potential is, therefore, determined by the relative
velocities of the formation of new surface and its repassivation. The velocity of the repassivation
itself depends on the kinetics of the metal surface reactions and the conditions for oxygen access.
Predecessing tests showed that surface damage, in contrast to scattering effects, is indicated by a
sharp decrease in corrosion potential followed by an exponential recovery. Changes in potential as
small as 10 mV clearly indicate microstructural damage.

Axial tests on TiAl6V4 and TiAl6Nb7 with a fine globular microstructure in oxygen-saturated
Ringer’s solution exhibited very small plastic strain amplitudes due to the high strength of both
alloys [77-79]. In dependence on the stress amplitude and the development of the plastic strain
amplitude, the cyclic deformation curves can be classified into three groups. As expected in the
transition range of the S, N-curve, specimens which reached 2*10° cycles without failure showed
very low values of the plastic strain amplitude (g,, <= 0,05 %o) over the whole loading time. At
higher stress amplitudes, TiAl6V4 exhibits an initial softening followed by a hardening phase. For
TiAl6NDb7 certain medium stress amplitudes lead to a saturation state of the plastic strain amplitude
over the greatest part of fatigue life followed by a slight softening shortly before final failure. For
even higher stress amplitudes both alloys show pronounced and continuous cyclic softening until
specimen failure.

Under physiological conditions, implants are not exposed to pure salt solutions but to protein
containing serum. This difference is important as an influence of proteins on the corrosion
resistance was reported for different implant materials [e.g. 44]. In load increase tests on TiAl6V4
and TiAl6Nb7 with a fine globular microstructure, no influence of the medium on the fatigue
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behaviour and the estimated endurance limit could be detected [77, 78]. However, this may be due
to the rather short testing times in the load increase tests. The influence of proteins being a
corrosion effect may possibly only show after longer exposure times.

Microstructural Investigations. Figure 9 shows a typical fatigue crack on the surface of an
axially loaded specimen of cp-Ti grade 4 detected by a potential drop [65]. In the area of the crack
tip slip bands can be clearly seen. During rotating bending in corrosive environment, corrosion
potential measurements are very suitable to gain information on surface damage. Even specimens
that did not fail after 2:10° cycles exhibit microcracks in the outermost surface (Fig. 10). Figure 11
shows the surface of a specimen loaded with a surface stress amplitude of 680 MPa. When the
corrosion potential had decreased by around 26 mV and 47 mV, the test was interrupted. A crack of
about 200 pm length normal to the loading direction was observed by light microscopy after the
first interruption. It had grown to about 400 um after the second interruption. The crack growth
behaviour on the surface of a TiAl6Nb7 specimen during rotating bending in Ringer’s solution is
shown in Fig. 12. In the area of the presumed crack origin (bottom left), the surface of the specimen
shows distinct signs of reaction with the surrounding medium. It may be assumed that this area was
activated due to strain localisation. At the crack tip, crack branching occurs (top right) and plastic
deformation marks are visible (bottom right). Loading in calf serum leads to even stronger surface
reactions (Fig. 13).

Fig. 9:

SEM: Deformation
marks and fatigue
crack on the surface
of a cp-Ti grade 4
specimen axially loa-
ded in Ringer’s solu-
tion [65].

loading direction

Fig. 10:

SEM: Surface dama-
ge on TiAI6Nb7 spe-
cimen after rotating
bending loading in
Ringer’s solution to
2'10° cycles without
failure.

Ti Al6 Nb7 rotating bending
Ringer’s solution, T =37 °C
f=10 Hz, 6,5, = 680 MPa
N =N, =2-108

max
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Ti Al6 Nb7, rotating bending, R =-1, f = 10 Hz, Nmax =210
Ringer's solution, T = 37 °C
1 6,00 = 800 MPa 200 pm
-200
S
E AU, =- 26 mV Fig. 11
> Development of da-
-100 AUy =-47mV 7 mage on the surface
of rotating bending
1t i ond int . loaded TiAI6Nb7
stinterruption: nd interruption: ; adica.
N, = 139140 N, = 140650 specimen as indica
0 i i i ted by decrease in the
1.2 13 1.4 15 free corrosion poten-
s tial.
N (10°)
crack length = 250 pm
Ti Al6 Nb7
rotating bending
Ringer's solution
T=37°C
f=10Hz Fig. 12:
Ormaxa = 800 MPa SEM: Surface dama-
N = 139140 ge on TiAl6Nb7 spe-
s cimen rotating ben-
B ding loaded in Rin-
'1:5, ger’s solution after
£ test interruption at a
38 defined decrease in
the free corrosion
potential.
Conclusions

Permanent implants are meant to replace the function of a part of the body for the lifetime of the
patient. The long term behaviour of load bearing implants is influenced, on the one hand, by the
reaction of the body to this foreign object, and, on the other hand, by the mechanical behaviour of
the implant and the surrounding tissue. The key issue is the interface between the implant and the
tissue with the aim of a long lasting, intricate bond between the two. To achieve this, several
aspects have to be considered. The biological-chemical and the mechanical stability of the implant
materials have to be characterized and optimized with respect to the requirements of the
physiological system. The environmental and loading conditions in the body are rather severe and
extremely different from the general conditions during laboratory testing. High cyclic loads have to
be sustained in an aggressive environment containing salts, enzymes, and proteins. As these
conditions affect the implant surface and thereby the formation and long-term stability of the
interface to the biological system, the corrosion, fatigue and corrosion fatigue behaviour of titanium
alloys have been reviewed with respect to the influence of these different conditions.
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| Fig. 13:
TiAIBNb7, mechanically polished SEM: Surface damage
R=-1,f=5Hz, | on mechanically poli-
Oamin = 300 MPa, Ny, = 2410 shed TiAI6Nb7 speci-
Ac, =25 MPain AN = 103 men axially loaded in
calf serum, T =37 °C calf serum in a load
N =4*10° increase test to G, =
775 MPa [90].
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