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A Link Between the Tribology and Corrosive Degradation of Metal-on-Metal

THRs✩

A. R. Beadlinga,∗, M. G. Bryanta, D. Dowsona, A. Nevillea

aInstitute of Functional Surfaces, University of Leeds, UK

Abstract

The degradation of Metal-on-Metal (MoM) Total Hip Replacements (THRs) is a complex mix of tribological, cor-

rosive phenomena and their synergistic processes. Previous links between the corrosion of these devices and their

sliding conditions over a cycle have been observed in simulator studies instrumented with a three-electrode electro-

chemical cell. This study further quantifies that link; demonstrating clear repeating periodicity in the anodic current

transients of a 28 mm diameter MoM bearing under a standard ISO-14242 walking profile. A simplified 2D model and

an expression of the Hamrock-Dowson equation was utilised to estimate the Theoretical Minimum Film Thickness

(hmin) over a cycle, which was shown to match closely to the measured anodic current in both shape and magnitude.

Keywords: Metal-on-Metal, Biotribocorrosion, Total Hip Replacement

1. Introduction

After discovering higher than acceptable revision

rates for Metal-on-Metal (MoM) bearings in Total Hip

Replacement (THR) there has been a rapid decline in

their use over the past decade [2, 3]. Despite this 1,0965

MoM primary hip replacement operations were per-

formed in the UK in 2014 [4]. Whilst this only accounts

for 1.16 % of the total operations performed that year,

MoM devices are still being used and thousands are still

implanted in patients world wide. Thus there has been10

a large focus in the literature on explaining their higher

than acceptable revision rates. Several simulator studies

have examined MoM devices in adverse loading scenar-

✩The data associated with this paper are openly available from the

University of Leeds data repository. http://doi.org/10.5518/88 [1].
∗Corresponding author

Email address: a.r.beadling@leeds.ac.uk (A. R. Beadling)

ios and demonstrated increased wear rates. Bowsher et

al. [5] demonstrated a seven-fold increase in volumet-15

ric wear for 40 mm MoM bearings due to a fast-jogging

profile. This was also coupled with a twenty-fold in-

crease in wear particle surface area; likely resulting in

increased release of metal ions. Of particular note are

microseparation and malpositioning of these devices,20

either due to sub-optimal placement during surgery or

component migration. Angadji et al. [6] demonstrated

a three and seven-fold increase in steady-state volumet-

ric wear rate for 40 mm MoM bearings by increasing

the angle of acetabular inclination from 35° to 50 and25

60° respectively. Williams et al. [7] and Al-Hajjar et

al. [8] both demonstrated three to five fold increases in

steady-state volumetric wear for 28 mm diameter MoM

bearings with high acetabular inclination or by applying

microseparation.30
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Whilst significant, these wear rates are still fractions

of those noted for typical Metal-on-Polymer designs.

During pre-clinical testing of MoM devices the low

wear rate and wear particle size distributions were used

to demonstrate their suitability for younger and more ac-35

tive patients [9, 10, 11, 12]. That promise did not trans-

late into clinical success and younger patients demon-

strated some of the worst MoM failure rates [2, 3, 13].

Gravimetric assessment of metallic devices after con-

tinuous 1 Hz simulator testing may not fully capture the40

degradation mechanisms at the interface or be indicative

of how well these devices perform in-vivo.

This group has attempted to quantify the corrosive

degradation of MoM bearings by instrumenting various

hip simulators with a three-electrode electrochemical45

cell. This facilitates in-situ monitoring of corrosive pro-

cesses from the device and allows the estimation of the

contribution of corrosion to total material loss. Third-

body wear debris and higher loading conditions were

found to greatly increase the direct release of metallic50

ions into the lubricant [14, 15]. The effect of corro-

sion has also been observed to change over the course

of long-term simulator tests with marked shifts in Open

Circuit Potential and corrosion current during running-

in of the device [16]. Adverse loading scenarios have55

also been observed to increase the percentage contribu-

tion of corrosion to total degradation [17]. This has all

combined to demonstrate the importance of in-situ cor-

rosion monitoring as a tool to aid assessment of implant

performance [18].60

A comprehensive model which links the corrosive

degradation of a metal sliding contact to total wear has

therefore long been a goal. Hesketh et al. [19, 20] made

an initial attempt to correlate repeating patterns noted

in anodic currents measured from Metal-on-Metal bear-65

ings with a so called ‘severity factor:’

I ∝

Wω

hmin

(1)

where I is the current generated by sliding (amps), W

is the axial load (N), ω is the angular velocity (rad.s−1)

and hmin is the theoretical minimum film thickness (nm).70

As conditions become more severe at the interface, i.e.

load increases or the lubricating film thickness reduces,

this should cause an increase in depassivation of the

surface and correspond to an increase in the measured

anodic current transient. The ‘severity factor’ demon-75

strated a similar shaped profile to anodic current tran-

sients. The peaks did not appear to align however, and

the onset of current was often in advance of high sever-

ity portions of the cycle. This noted phase difference

was not well understood as current should align with80

or follow surface damage. This study aimed to further

understand this observed link between corrosive degra-

dation and the tribological conditions over the course of

a cycle.

2. Material and methods85

2.1. Material

A 28 mm diameter Metal-on-Metal device was

placed in a Full-ISO Electromechanical Hip Simula-

tor (ProSim, UK). The bearing comprised of a Cobalt

Chromium Molybdenum alloy (CoCrMo) Femoral90

Head and Acetabular Liner. Polyether ether ketone

(PEEK) fixtures were used to electrochemically isolate

the components from the simulator. The liner was held

in place by a Titanium alloy (Ti6Al4V ) Acetabular Shell

which was cemented into the cup fixture using labo-95

ratory grade Poly(methyl methacrylate) (PMMA) bone

cement. The Femoral Head was held in place using
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a 316L Stainless Steel spigot. Care was taken to seal

the modular taper connections with silicone sealant to

prevent the ingress of lubricant into the modular taper.100

Thus the taper interface did not form part of the elec-

trochemical cell and any electrochemical measurements

only concerned the bearing surface. The lubricant used

was Foetal Bovine Serum (FBS) diluted to 17 gL−1 total

protein content with Phosphate Buffered Saline (PBS)105

to facilitate electrochemical measurement. The protein

content of the lubricant was selected as per the qualifi-

cation previously set by Hesketh et al. [16, 20]. Sodium

Azide (NaN3, 0.03 % (w/v)) was also added in order to

retard bacterial growth.110

2.2. Methods

The simulator was instrumented with a three-

electrode electrochemical cell to facilitate in-situ mea-

surements of corrosive degradation. A working elec-

trode (WE) connection was taken from both the Acetab-115

ular Shell and the 316L Stainless Steel spigot. An illus-

tration of the test cell can be seen in Figure 1. The work-

ing electrode therefore comprised of all component sur-

faces present in the cell which were exposed to the lubri-

cant. A combination Silver/Silver Chloride (Ag/AgCl)120

reference electrode (RE) and Platinum (Pt) counter elec-

trode (CE) completed the cell. All measurements were

performed using a PGSTAT101 Potentiostat (Metrohm

Autolab, Netherlands).

To begin the ‘bedding-in’ process the bearing was125

articulated under a standard ISO 14242-1 [21] loading

profile, shown in Figure 2, for 333,000 cycles at 1 Hz.

This consisted of a twin-peak loading curve with 3,000

N peak loads at ‘heel-strike’ and ‘toe-off’ and a 300 N

swing phase load. The rotational axes were +25°/-18°130

Flexion/Extension, +7°/-4° Adduction/Abduction and

Figure 1: Schematic Illustration of the Hip Simulator test cell.

Figure 2: Standard ISO 14242-1 Walking Profile [21].

+2°/-10° Internal/External Rotation.

The hypothesis of this study was that the phase dif-

ference between current and ‘severity factor’ was a lag

following from the previous cycle, rather than advance135

peaks of current. In order to determine if the phase dif-

ference was purely a time delay in the electrochemical

cell or a function of the cycle tribology the bearing was

run at different cycle frequencies; ranging from 0.4 to

1.4 Hz. The Open Circuit Potential (OCP) was con-140

tinuously monitored for 1,800 seconds at 1 Hz during

sliding.

Finally an anodic over potential of +50 mV vs. OCP
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was applied to the working electrode during sliding.

The resultant anodic current transient was sampled at145

100 Hz. The resultant current was governed by the

Butler-Volmer equation (Equation 2) and enabled moni-

toring of the depassivation/repassivation kinetics during

a cycle.

I = Icorr

{

exp

(

αanFη

RT

)

− exp

(

−
αcnFη

RT

)}

(2)150

where I is the current as a result of applied poten-

tial (amps), Icorr is the corrosion current at OCP (amps),

αa and αc are the anodic and cathodic charge transfer

coefficients, n is the number of electrons in the half-

cell reaction, F is Faraday’s Constant (96,490 C/mol),155

η is the applied overpotential (V), R is the Ideal Gas

Constant and T is the temperature (Kelvin). In order to

synchronise the measured current with the point in the

cycle a direct analogue voltage signal for Axial Load

was taken from the simulator load cell and sampled by160

the potentiostat at 100 Hz along with the current.

A series of three daily living scenarios were also ex-

amined under the same testing method. They consisted

of a ‘Physiological Gait’ profile at 1 Hz, a ‘Stair Climb’

profile at 0.666 Hz, and a combined ‘Chair Down - Up’165

profile at 0.5 Hz. These profiles were derived from data

provided by Fabry et al. [22] which was based on the

work of Bergmann et al. [23, 24].

2.3. Hamrock-Dowson Model

A simplified 2D model, shown in Figure 4, was170

utilised in an attempt to correlate the tribology at a

given point in a cycle with the electrochemical degrada-

tion. An expression of the Hamrock-Dowson equation

(Equation 3) [25] was used to estimate the minimum

film thickness over three cycles.175

hmin = 2.8R
′

(

ηu

E
′

R
′

)0.65
(

W

E
′

R
′2

)

−0.21

(3)

Figure 3: Daily Living profiles derived from data provided by Fabry

et al. [22].

where R
′

is the Equivalent Radius (m), η is the Lubri-

cant Viscosity (0.005 Pa.s), u is the Entraining Velocity

(ms−1) and E
′

is the Equivalent Elastic Modulus (Pa).

R
′

and E
′

are derived from Equations 4 and 5 respec-180

tively:

R
′

=
r1r2

r2 − r1
(4)

E
′

= 2

(

1−υ2
1

E1
+

1−υ2
2

E2

)

(5)

where r1, E1 and υ1 are the radius (m), Elastic Mod-

ulus (Pa) and Poisson’s Ratio for the Femoral Head and185

r2, E2 and υ2 are the radius (m), Elastic Modulus (Pa)

and Poisson’s Ratio for the Acetabular Cup.
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Figure 4: Schematic of the simplified 2D model for a Femoral Head

articulating within an Acetabular Cup.

Standard values of Young’s Modulus and Poisson’s

Ratio for CoCrMo alloy were used (230 MPa, 0.3) and

a diametrical clearance of 100 µm was taken. In order to190

calculate the lubricant entrainment velocity (u) at each

point in the cycle the change in position for each rota-

tional axis was used to calculate an angular velocity (ω).

This was then converted to a sliding speed for each axis

for the 28 mm diameter bearing and combined to give a195

resultant vector.

The minimum film thickness was then inverted

(1/hmin) in order to give peaks at points in the cy-

cle when the film was thinnest. This would corre-

spond to more asperity-asperity contact during sliding200

and thus more depassivation of the surface; represented

by peaks in current. The data associated with this paper

are openly available from the University of Leeds data

repository. http://doi.org/10.5518/88 [1].

3. Results205

3.1. OCP

Once sliding was initiated a cathodic shift in OCP

was noted at all frequencies. At the lower cycle fre-

quencies however (< 1.0 Hz) larger and more sustained

Figure 5: Open Circuit Potential for a bed-in 28 mm MoM bearing

articulating under an ISO 14242-1 profile at cycle frequencies ranging

from 0.4 to 1.4 Hz.

cathodic shifts were observed. At 0.4 Hz for example210

the OCP shifted cathodically to approximately -185 mV

and remained stable there during sliding. At 0.6 and 0.8

Hz there were also larger cathodic shifts but the OCP

gradually shifted more noble to similar values noted for

the standard 1.0 Hz (≈ -100 to -130 mV). At 1.4 Hz this215

relationship appeared to change with a slight cathodic

shift upon sliding and then continued to shift cathodi-

cally over the remainder of the experiment. The larger

and more sustained cathodic shifts appeared to result in

larger anodic current transients, shown in Figure 6.220

3.2. Anodic Polarisation

At all but one cycle frequency a twin peak profile was

noted with a primary peak at ‘toe-off’ and a typically

larger secondary peak at the initiation of ‘heel-strike’

of the next cycle. At 0.4 Hz a third peak was observed225

inbetween the primary and secondary peaks at the com-

mencement of the swing phase portion of the cycle. The

position of the peaks in anodic current remained fairly

consistent between the other frequencies and occurred
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Figure 6: Anodic Current Transient (+50 mV vs. OCP) and Axial Load for a 28 mm MoM bearing under an ISO 14242-1 profile at cycle frequencies

ranging from 0.4 to 1.4 Hz.

at similar points in the cycle. A trend of decreasing an-230

odic current magnitude with increasing cycle frequency

was also noted. The time delay between ‘heel-strike’

and ‘toe-off’ peaks in load and the following primary

and secondary peaks in current was recorded for all fre-

quencies and is shown in Figure 7. The delay between235

the peaks decreased with increasing cycle frequency.

Figure 8 shows the peak anodic currents and initial

OCP cathodic shift for each frequency. These values are

plotted against the maximum entrainment velocity (u)

over a cycle, determined by Equation 3. As described240

above, greater initial cathodic shifts in OCP were ob-

served when reducing the cycle frequency from 1.0 Hz.

This was coupled with an increase in the peak anodic

current noted during polarisation after 1,800 seconds.

Increasing the frequency from 1.0 Hz also resulted in245

larger initial cathodic shifts at 1.2 and 1.4 Hz, but the

peak anodic current continued to fall possibly due to

changes in the lubrication regime.

Figure 7: Time delay between peaks in Axial Load and Anodic Cur-

rent Transient for different cycle frequencies.

3.3. Hamrock-Dowson Model

Figure 9 shows the axial load and calculated resul-250

tant entrainment velocity over three cycles for each cy-

cle frequency. An assumption of the Hamrock-Dowson

equation is that the system is in steady-state and neglects

6



Figure 8: Initial OCP Cathodic Shift and Peak Anodic Current for a 28

mm MoM bearing under an ISO 14242-1 profile at cycle frequencies

ranging from 0.4 to 1.4 Hz.

phenomena such as squeeze film. The lubricant is also

assumed to have a constant viscosity and entrainment255

occurs at a 1:1 ratio with angular velocity. Thus the

shape and locations of peaks in entrainment velocity did

not vary but the magnitude of those peaks did change.

The maximum entrainment velocity at each frequency

varied to a much larger degree than the minimum, in-260

creasing from approximately 0.014 to 0.048 ms−1. The

points of minimum entrainment occurred at approxi-

mately 50 and 100 % through each cycle, i.e. at ‘toe-off’

and the initiation of ‘heel-strike’ for the next cycle. This

corresponded to the peaks in anodic current for each fre-265

quency noted in Figure 6.

The inverted minimum film thickness appeared to

give a much better correlation between the anodic cur-

rent and the tribological conditions at a given point in

the cycle than the ‘severity factor’ previously proposed270

by Hesketh et al. [19, 20]. Figure 10 shows for each

cycle frequency the peaks in anodic current aligned rea-

sonably well with points of minimum film thickness.

The magnitude of current also appeared to scale with

the magnitude of inverted film thickness between the cy-275

Figure 9: Axial Load and Resultant Entrainment Velocity at the con-

tact for a 28 mm MoM bearing articulating under an ISO 14242-1

profile at cycle frequencies ranging from 0.4 to 1.4 Hz.

cle frequencies. Moving from 0.4 to 1.4 Hz the peak an-

odic current fell from approximately 22 to 13 µA. The

maximum inverted film thickness also fell from approx-

imately 0.15 to 0.06 nm−1. When viewed on the same

scale, as in Figure 10, there appeared to be a good corre-280

lation between the overall tribological severity at a given

frequency and the resultant anodic current.

3.4. Daily Living Cycles

Figures 11, 12 and 13 show the anodic current tran-

sients and inverted film thickness as a function of cy-285

cle percentage for ‘physiological gait,’ ‘stair climb’ and

‘chair down - up’ profiles respectively.

Under ‘physiological gait’ the shape of the anodic

current transient was different to those noted for ISO

14242-1 profiles. The transient appeared to only con-290

sist of a single peak of approximately 30 µA which oc-

curred at the initiation of ‘heel-strike.’ This peak in cur-

rent aligned with a peak in the inverted film thickness,

although the model appeared to break down further in

the cycle. A second peak in inverted film thickness was295

noted approximately at ‘toe-off’ but was not coupled

7



Figure 10: Anodic Current Transient (+50 mV vs. OCP) and Inverted Theoretical Minimum Film Thickness for a 28 mm MoM bearing under an

ISO 14242-1 profile at cycle frequencies ranging from 0.4 to 1.4 Hz.

Figure 11: Anodic Current Transient (+50 mV vs. OCP) and Inverted

Theoretical Minimum Film Thickness for a 28 mm MoM bearing un-

der a ’Physiological Gait’ cycle derived from data provided by Fabry

et al. [22].

with a peak in current, which continued to fall until the

next ‘heel-strike.’ There was a slight change to the cur-

rent curve around this point but was not a clearly well

defined peak. Both of the inverted film thickness peaks300

occurred approximately at points of maximum and min-

Figure 12: Anodic Current Transient (+50 mV vs. OCP) and Inverted

Theoretical Minimum Film Thickness for a 28 mm MoM bearing un-

der a ’Stair Climb’ cycle derived from data provided by Fabry et al.

[22].

imum Flexion / Extension; at where the entrainment ve-

locity was at a minimum. The simplicity of the model

may have underestimated the film thickness at the ‘toe-

off’ point of the more complex physiologcal profile.305

Under the ‘stair climb’ profile the current transient

8



Figure 13: Anodic Current Transient (+50 mV vs. OCP) and Inverted

Theoretical Minimum Film Thickness for a 28 mm MoM bearing un-

der a ’Chair Down - Up’ cycle derived from data provided by Fabry

et al. [22].

took on a completely new shape, not seen previously. A

large primary peak initiated just after the ‘toe-off’ point

approximately 75 % through each cycle. The magni-

tude of this peak was also double that of ‘physiologi-310

cal gait’ at approximately 59 µA. A much smaller sec-

ondary peak was observed soon after at approximately

20 % through each cycle. Again the simplified 2D

model for inverted film thickness did not appear to align

with the current transient and showed completely dif-315

ferent shapes and peaks that occurred at different points

through each cycle.

The anodic current transient for the ‘chair down - up’

profile demonstrated multiple peaks throughout each

cycle ranging from 17.5 µA to 28 - 29 µA. Some of the320

peaks were also fairly broad and occurred over as much

as 50 % of each cycle which would translate to high cor-

rosive material loss. Whilst again there did not appear

to be a good alignment between the current and the in-

verted film thickness, the simplified model did appear to325

pick up on the complex nature of the profile; resulting

in several points of minimum film thickness.

4. Discussion

The present study has shown that there is a close link

between the electrochemical degradation and the tribo-330

logical conditions at the bearing surface of a Metal-on-

Metal device. The simplified 2D model used to esti-

mate the theoretical minimum film thickness showed

close agreement to the anodic current transients cap-

tured for the 28 mm diameter bearing articulated un-335

der the ISO walking profile. This appeared to confirm

that at these points in each cycle more asperity-asperity

contact occurred as a result of a thinner lubricating film

and resulted in more severe depassivation of the pro-

tective oxide layer and thus greater corrosive degrada-340

tion at the sliding interface. At all but the slowest fre-

quency (0.4 Hz) a clear repeating two-peak shape was

noted both in the inverted film thickness and anodic cur-

rent. The anodic current transients shown in Figure 6

closely matched typical shapes seen in previous stud-345

ies on a pneumatic simulator for 28 mm MoM bearings

[17]. The position of both primary and secondary peaks

aligned reasonably well at similar points in the cycle.

Also the magnitude of the peaks scaled similarly be-

tween the frequencies under ISO walking after bedding-350

in.

The reduction in time delay observed between peaks

in load and the primary and secondary peaks in current,

shown in Figure 7, further suggests a response to the

tribology at that point in the cycle. Had the phase dif-355

ference been purely a time delay inherent in the elec-

trochemical cell, the current peaks would have been ex-

pected to occur a fixed time after a peak in load for all

frequencies. This did not appear to be the case and in-

fact the time delay reduced at a similar ratio to the in-360

crease in cycle frequency. This further suggested that
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the peaks were occurring at the same point in the cycle,

rather than being delayed after the loading peak. They

were therefore not thought to be simply out of phase

with the load, but a response to some other tribological365

factor at that point in the cycle. The ‘severity factor’ first

proposed by Hesketh et al. was a first attempt to charac-

terise this and link it to the corrosive degradation. The

‘severity factor’ appeared to be similarly inadequate as

simply syncing to the loading curve. Both axial load370

and angular velocity, components of the severity factory,

are functions of the minimum film thickness. Current

peaks also appeared to occur at points of minimum en-

trainment, rather than maximum load or ‘severity.’ An

inverted film thickness parameter therefore appears bet-375

ter suited to describing the tribological conditions at the

interface for tribocorrosion.

Determining film thickness is not a trivial task; espe-

cially for the 28 mm bearing used in the present study

for example which operates typically in a mixed lubrica-380

tion regime. Whilst the simplified 2D model may have

shown good agreement across the different ISO profile

frequencies, when applied to the daily living profiles the

model broke down. Under ‘physiological gait’ a sec-

ondary peak in inverted film thickness was not found in385

the anodic current transient. The profile shape for ‘stair

climb’ did not match at all. Interestingly the inverted

film thickness for ‘chair down-up’ showed a profile with

several sharp peaks over a cycle which was evidenced

in the anodic transient although no clear alignment be-390

tween peaks was noted. The observed current transients

were also much larger for the daily living profiles than

had been noted for the ISO walking profiles. This may

have been a combination of the profiles’ severity and

also the device had not been bedded-in with these pro-395

files, meaning that the larger ranges of motion exposed

new areas of the bearing surface to articulation.

There is significant evidence emerging in the litera-

ture that simple gravimetric assessment of devices fol-

lowing cyclic continuous 1 Hz simulator testing is not400

necessarily a reliable indicator for real world in-vivo

performance. For the industry gold standard MoP bear-

ings the main failure mechanisms are reasonably well

understood; i.e. wear debris induced osteolysis and

aseptic loosening [26, 27]. As such a gravimetric wear405

rate and debris particle size distributions from simulator

benchmarking may be useful for this bearing combina-

tion. For other materials, devices or bearing combina-

tions with less understood or unknown failure mecha-

nisms a much more thorough and systematic approach410

to testing is needed. Particularly for sliding interfaces

with a metallic surface in-situ techniques such as elec-

trochemistry are critial [18]. Comparing such devices’

gravimetric wear rates to a MoP design, as was done

during pre-clinical testing of second-generation MoM415

[9, 10, 11, 12], is not useful.

de Villiers et al. [28] examined MoM bearings with

AgCrN coatings in an orbital hip simulator and found

Co and Ag ions present in the lubricant after testing de-

spite negligible gravimetric material loss. Saikko et al.420

[29, 30] examined various adverse loading techniques

across different devices and bearing combinations. Un-

less the test condition exceeded a devices’ ‘endurance

limit’ gravimetrically determined wear rates generally

displayed low variance between tests. The present au-425

thors have also examined the effects of adverse loading

scenarios such as microseparation and found an order

of magnitude increase in electrochemical degradation

compared to two to four fold increases in gravimetric

wear reported in the literature [17]. This suggests a shift430

in the importance of corrosion to total material loss and
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may be a more important indicator of the performance

of MoM prostheses which fail due to metalosis, AL-

VAL, ARMD and pseudotumors [31, 32, 33, 34, 35].

Simulator design is also improving with next gener-435

ation simulators capable of more axes of motion and

wider operating profiles. This will enable future test-

ing to incorporate adverse loading and daily living cy-

cles to great effect. When comparing these new simu-

lators to the previous generation however, a more com-440

plicated three-axes of motion Full-ISO walking profile

only marginally increased the reported gravimetric wear

[36] and was used to justify the continued use of the pre-

vious generation. With the new simulators a new gener-

ation of pre-clinical assessment is needed. In-situ meth-445

ods for assessing material loss and more varied testing

regimes than continuous 1 Hz articulation.

Coupled with improved testing techniques there also

needs to be a greater understanding on how tribolog-

ical systems can affect total material loss. The mod-450

elling of interfaces with metallic surfaces has therefore

been a focus in the literature. Cao et al. [37, 38] re-

cently presented a new model which attempted to com-

bine and predict mechanical and chemical mass loss for

MoM bearings. The model shows a good correlation455

with gravimetric wear rates reported in the literature for

MoM simulator studies [38]. The model only acheived

this by considering the steady-state wear which, as dis-

cussed, is not necessarily a good indicator of MoM per-

formance.460

The Cao model predicts the degradation of MoM

bearings to be electrochemically dominant which has

not been found to be the case for 28 or 36 mm bear-

ings in simulators instrumented with a three-electrode

electrochemical cell [16, 17, 19, 20]. Looking closely465

at the degradation over a cycle the Cao model also

shows points of zero electrochemical degradation which

roughly align with the maximum anodic current peaks

observed in the present study [37]. Another new model

proposed by Gao et al. [39, 40] also incorporated tribo-470

corrosion as a pathway to material loss and successfully

predicted a typical running-in and steady-state wear pat-

tern. The Gao model suggests the wear rate is highly

dependant on EHL film thickness which can change as

a result of material loss.475

Whilst there has been much success, a tribocorrosive

contact is an incredibly complicated interface and dif-

ficult to model and predict. As evidenced by the sim-

plified 2D model used in this study. There was some

success correlating the model with an ISO walking pro-480

file, but it was not capable of describing the more com-

plicated daily living cycles. Existing models in the lit-

erature are improving but don’t always agree with ex-

perimental data. More work is therefore needed as a

comprehensive 3D tribocorrosion model, validated with485

in-situ experimental techniques, would be an incredibly

powerful tool for pre-clinical assessment of devices and

assisting patient selection.

5. Conclusions

A simplified 2D Hamrock-Dowson model correlated490

well with measured anodic current transients from a

Metal-on-Metal bearing articulated under bed-in and

steady-state conditions, demonstrating a clear and im-

portant link between the tribology and corrosive degra-

dation of these devices.495

• The corrosive degradation of a MoM bearing un-

der sliding is closely linked to the tribological con-

ditions at a given point in a cycle.

11



• Peaks in current, and thus depassivation, occur at

the same point in the cycle despite cycle frequency.500

• The Theoretical Minimum Film Thickness calcu-

lated using a simplified 2D model appeared very

similar in both shape and magnitude to anodic cur-

rent transients.

• A more detailed comprehensive 3D model is re-505

quired to fully describe the tribology and depassi-

vation under more complex daily living cycles.
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