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The main responsible of the long-term failure of tdtaee replacements is wear of the UHMWPE comporwaar is
associated to high contact pressures and relativpldcements between the bearing surfaces and thedinedtional

character of the sliding has a great importance eTinain objective of this work is to analyze the im@oce of
multidirectionality in wear of these components.awevolution has been predicted taking into accowntnot, the
multidirectional character of the relative sliding. Eeqmental tests have been used to fit the parametetee models.
Three-dimensional finite element models of four Bfpknee prostheses were developed in order to evakgttact areas,
pressures and relative slidings. Validation of the cohtreas and pressures was made using data froreriexental tests
and commercial brochures. The results obtained showedna erestimation of up to a 64% on the wear deptarthe
multidirectional model was not considered.

Keyword: total knee arthroplasty, ultra high molecular weigiolyethylene, contact areas and pressures, wedtidirectional
sliding

1. INTRODUCTION Alternatively, full contact finite element schemes between

Wear of the bearing component, usually manufacturégformable solids can also be considered [3, 24, 33, 37,
in ultra high molecular weight polyethylene, remain%G]' Several studies may be found in the literature where

being the principal cause of long-term failure of kndihite elements are _used to simulat(_e the whole ggit cy_cle
prostheses, limiting the longevity of them [2, 19]114: 31, 13], applying loads and displacement histories
Although these clinical devices present survival rates g@iMing from knee simulators [43] or using standardized
about 90% for a period of fifteen years, their increasiti*e-histories [17].

implantation in younger patients makes necessary to study Most computational predictions of wear use the

this phenomenon to increase their durability. Wear causéssical Archard’s law [1], which considers wear depth
the emission of small polyethylene particles leading ¥ be proportional to the module of the relative sliding

inflammation processes in the articulation [26, 39, 9)etween contact surfaces without taking into account
These reactions produce resorption of the bones clos€hgnges in the direction of motion. In Total Knee

these prosthetic implants, phenomenon known Aghroplasty (TKA), however, although there exists a

osteolysis, leading to the long-term loosening of ttear principal direction of sliding that corresponds to

prosthesis and its posterior failure [34, 10, 46]. the anterior-posterior direction, sliding is actyal
Wear is a material damage mechanism usuanwultidirectional. This induces changes on the wear rate

coupled with other damage processes like fatigue [38 .d causes a bigger volume of removed material when

Contact pressures and relative displacements betweenC népared oa purfely unlax.lal approfach [6. 27,7, 44].
Hence, the aim of this work is to analyze the

bearing surfaces are the main factors in promoting wear

[45, 25]. Several approaches have been used to anam@)rtance of the multidirectional character of sliding
wez;lr of the polyethylene component, either throu the wear evolution in four different knee prostheses.

studies of removed implants [2, 16, 15], by experiment \1vo_wear models, uni and multidirectional, have bet_en
_sttudled. Parameters of these wear models have been fitted

tests in vivo [35, 28], or by computational strategies [1by means of experimental tests on a Pin-on-Cylinder
40]. -on-

) . . (POC) and on a Simplified Knee Simulator (SKS). Values

~One of the problems of computational techniqueg contact pressures and relative displacements were
relies on obtaining reliable contact pressure distributiogsined by means of the finite element method using an
on the polyethylene component. Some authors make giicit approach. Validation of the different models was
of the e,!agtlc foundation theory, also known as “bed gfomplished by comparing the computed contact areas
springs”, in multi-body dynamic models [11, 12], O[ith values found in commercial brochures and/or

between rigid bodies with softened contact [14}ptained in experimental tests. Numerical results are good
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comparing with commercial brochures (4.08%) ar
experimental tests (5.1%) for high loads. Finally, the-—
models were applied to predict wear evolution in fou,
prostheses. The results showed variations up to 6-
between the two models.

2. MATERIAL AND METHODS

2.1. Geometrical and FE Models

In this work four knee prostheses from ZIMMER Inc.
have been considered, all models belong to the Natuiadure 2: Prosthesis of Rotating Platforms
Knee IP Family: Natural Knee Il Congruent (NKC),
Natural Knee Il UltraCongruent (NKUC), Natural-Knee
Il Posterior Stabilized System (NKPS) and Natural Knes
Il Rotating Platforms (NKRP). It should be noted that
the first three are fixed bearing while the forth is nebi
bearing. The congruent model provides smaller contau.-
areas than the others while the rotating platforms on-
gives rise to the biggest ones.

The geometries of the femoral and tibial component
of the four prostheses previously listed, were
reconstructed usinGATIA™ V5R7 (IBM, USA), from
drawings supplied by ZIMMER. Finite element models
of the polyethylene insert for NKC, NKUC and NKP§|gure 3: Femoral component for the four prostheses

were composed of 23563, 47209, 52288 elements apd,manle. This hypothesis is usual in the literature [29,

27199, 53941, 59160 nodes respectively (Figure b1 polyethylene was considered as a multi-linear elastic
Finally, the rotating platform prosthesis is composed Qf

) e odel with hardening defined by Kurtz [20], where
three different parts: femoral component, tibial plateaiyeing due to irradiation is considered. The stress-strain
and polyethylene insert. The latter was meshed Witfl e employed is included in Figure 4 and in Table 1.
45981 elements and 20474 nodes (Figure 2.a). Only
surface meshes for the femoral component of the four
models were generated since this component was

considered fully rigid. Its mesh was composed of 20193

Table 1
Polyethylene constitutive parameters (see Fig. 4)

elements and 20150 nodes (Figure 3) while the tibial E T
plateau was meshed with 10201 rigid elements and 33269 4, 55 pmpa 13.774225 MPa
nodes. (Figure 2.b). 401.255 MPa 21.74 MPa
L _ 157.5522 MPa 26.265 MPa
2.2. Constitutive Behavior 40,75 ~
Due to the big difference in Young modulus between the
metallic CrCo alloy and the polyethylene components
(193 GPa versus 940 MPa), the former was approxima*g"
as a rigid solid while the latter was modelled eT S E
3 4

(a) Natural Knee II (b) Natural Knee II (c) Natural-Knee II
Congruent Ultracongruent Posterior  Stabilized E

System

ik

Figure 1: Finite Element Meshes of the polyethylenengert of
the three fixed tray prostheses Figure 4: Polyethylene stress-strain curve
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2.3. Loads and Boundary Conditions in red impressions on the developer sheet at points of

Two different sets of loads were considered. The fir%?ntaCt' After the loading test, the marked films were

consists of a compressive load in the femoral compon&afioved anf(élwanalyz_e_(lj usmgdabd|g|ta:] scanner and a
acting at different fixed positions while the second is @MPuter software (Visilog) and obtain the contact areas

load history corresponding to the whole gait cycle. Tl the corresponding calibration. As the condyles of
first set of analyses was employed to validate the fin{dS Prosthesis are asymmetric, results for the medial and
element model comparing the obtained results witgteral condyles are obtained §eparately|n addition to th_e
experimental ones or with data available in commerci@pPal area value. The experimental tests are shown in
brochures. The second load history was used to estim#Ble 2.

the relative sliding history between the bearing
components and posteriorly to predict polyethylene wear.

In the first set of analyses, the four prostheses were

Table 2
Experimental tests for the ultraconguent prosthesis

calculated at 0°, 15°, 60° and 90° flexion angles wiRdy Weight  Load (BW = Flexion Activity
imposed loads of 726 N, 2904 N, 3267 N and 3630 RV 74 k9) angle

along the vertical direction, corresponding to 4, 4.5 aneBw 2904 N 0°, 15° Gait cycle
5 times the average body weight of a 60 years old, mglgw 3630 N 60° Stairs climbing

patient [8, 32]. In order to validate the results obtaingd
with the computational models described above, several
experimental tests to determine the contact areas and

pressures were developed for the NKUC, using the For the analyses reproducing the gait cycle, the
pressure-sensitive film technique (Fuji Film) [23]. Thgnposed loads and flexion angles simulating the gait cycle
Fuji-film employed for these trials was Pressurex Filwere extracted from the I1SO standard 14243-1 [17]
Low, with a sensitivity range from 2 to 10 N/rhi@85- (Figure 5). This cycle is composed of an axial load, an
1422 PSI). This film consists of two layers, the developentero-posterior load cycle, a torque around the vértica
sheet and the ink-filled microcapsule sheet. This resuligection and a flexion turn around the lateral-medié.a

xBW 3267 N 90° Stairs descending
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Figure 5: Loads and flexion angles during the gait ycle
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2.4. Wear Models Two external programs were implemented into Visual

The most used model to predict wear in mechanicgf* (Visual C++, Version 6.0)o evaluate the wear depth
components is the one proposed by Archard [?], t13d wear volume as a post processing step. Needed data

predicts the evolution of wear depth on a slidingas extracted from Abaqus output files. The first script
contacting surface as: omputes wear depth at each node, and the second one

evaluates wear volume by using wear depth and a FE
n interpolation on the surface mesh. Updating of the mesh
Swear = Nk; Pd =KX pl YA (1) to include the remove of the wear material has not been
- considered in this analysis.
whereN is the number of the cyclésjs the wear rate of

the material,p, is the contact pressure addis the 2.5 Experimental Tests to Fit the Wear Models

amplitude of the relative sliding between contact surfacies . . .
L . . wo different experimental tests were developed to fit
computed by multiplying the instantaneous slip veloci

v by the simulation time increment %e constants of the wear models previously presented, a
i ' Pin-On-Cilinder (POC) test to fit the parameter dof th
Wang [44] and then Turrekt al. [41] slightly archard’s law in a uniaxial sliding motion and different
modified the Archard’s approach to take into account thg,itidirectional tests developed on a Simplified Knee

multidirectional character of sliding. In this work twosimulator (SKS) that fit the multidirectional models.
wear models have studied. A more general model, initially

proposed by Sawyast al. [38], defines the wear rate The POC machine used in this experiment consists

as a linear relationship with the parametér that of a metallic disc and a UHMWPE cylindrical pin. Aload
P P f 150 N is applied while the disc turns (Figure 6.a). The

quar)t_lfles_ the mtt_ensny of _the cross motion (2)' A.S“g KS is an experimental machine based on the friction of
modification of this model is achieved by considering an

. . X a femoral head over a polyethylene flat plaque (Figure
exponential relation betwednando” (3). 6.b). The metallic head applies a vertical load of 500 N

k=k +ko (2) and suffers an oscillatory turn of +45°. Polyethylene
keeps an “eight-form” oscillatory movement modelling
k = gtBinai (3) an antero-posterior translation of +5.5 mm and an

internal-external rotation of +5°. Every test consists of 5

wherek , k A'y B are experimentally determined fitting ilions of cycles.

constants ana” is defined as the normalized crossinH1
intensity:

o, =6,/0, 4 X
beingo, the crossing intensity, defined as
Oi =~/Z(81A9,- )°/n (5) (. /] WAt R
i= A A= @ AN

with A8, =6, -6,.6, is the dominant orientation of g 7 2] A
tribological intensity defined as

E:Z‘Isjej/z;sj 6)
1= 1=

whereej indicates the instantaneous crossing orientati
relative to a fixed medial-lateral axis.

Finally, 5, is the worst-case crossing intensity define
for normalization purposes. The assumed worst-ce
situation is an uniform circular counterface motion. Tt
wear depth of the material, or tribological intensity,
for each cycld, is finally computed by the Archard’s
law:

n n
5, = kz pd= kz RIVIAt (7) Figure 7: Finite element models for the Pin-on-Cylinderand
=1 i=1 the Simplified Knee Simulator tests
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Finite element models for the POC and the SKS we 400
developed to quantify the data needed to fit the we 3%
models. For the POC, the disc and the polyethylene %3
were modelled. Boundary conditions reproduced exac g **
the motions and restraints corresponding to tl £
experimental test. The FE model of the SKS consists ‘éjzz
two components: femoral head and polyethylene pIafJ =
Both models are shown in Figure 7. The disc and t
femoral head were considered as a rigid solid. 0°-2004N  60°-3630N  90°-3267N

(mm?)

—
-

i

O Numerical Resuits
M Experimental Results
OCatalogue Results

areas

-

-

Figure 8: Comparison of contact areas [mrf] amongst
3. RESULTS numerical, experimental and brochure results for tte
ultracongruent prosthesis

3.1. Validation of the Finite Element Models

The contact areas for the experimental tests aB@. Contact Areas and Pressures Along the Gait Cycle

numerical analyses are shown in Table 3. r&f(q“ntact areas and pressures are represented in Figures 9
I 0,
differences resulted lower than 15%, except for the ca 4 10. NKUC and NKPS show very similar contact

of 0° and 726 N. In such case, we believe that tIEqleeas along the whole gait cycle, with average values of
experimental value was incorrect, since at 0° t 9 9 ycle, 9

) L and 138nnt, and maximum values of 210 and 213
prosthesis congruence is high. The pressure range

0 : : )
the film employed was from 2 to 10 MPa, so there isnglm2 respectively. NKRP always provides the highest

ontact areas with an average of 188 and a maximum of

non negligible zone with pressures lower than 2 MP: : .
that the experimental technique is not able to captu‘r@4 mnt. Finally, NKC shows the lowest ones with an

- ) average value of 110 and maximum of 20&%. As
providing areas which are smaller than the actual ones

justifying the differences between experimental a sfpected, the lowest contact pressures appear in the
numerical results RP for complete joint extension (Figure 10). On the

other hand, NKC presents the lowest contact pressures,

The brochure of ZIMMER provides data for thregyith a maximal pressure rather constant along the whole
positions (0°, 60 and 90° for 2904, 3630 and 3297 N,

respectively). Our numerical results are very similar **
those of the brochure, with and average error of 4.08 4© |
The comparison amongst the results is shown 3%° ;-

i E300
Figure 8. £
3250
;:- 1l
Table 3 3200
Comparison between the experimental and numerical S1s0
contact areas (mrf) obtained for the Ultracongruent qo0 P - - - Rol Plat
prosthesis (NKUC) i — Lircong
50 s —— Post. Stab.
K —e—Cong
Flexion Angle Gk ol
0 10 20 30 40 50 60
0° 15° % Gait Cycle

726 N 2904 N 726 N 2004 N Figure 9: Contact areas for the four prostheses dunig the gait

cycle [mn?]
Medial Condyle 46 141.25 46.19 111.25 20
Lateral Condyle 55.61 180.06 46.87 116.49 -
Experimental 101.61 321.31  93.06  227.74 E 25 -
Numerical 192.5 354.6 108.4 214.8 % 20
Error % 47.21% 9.38% 14.15% 5.68% g
g 15
60° 90° [
B 10 ; :
726 N 3630 N 726 N 3267 N £ s [
o / - --Rot Plat. ——UlrCong. 'a
. o 5 —=—Post Stab. —e—Cong '
Medial Condyle 42.78 12251 N 35.32 83.21 *
Lateral Condyle 55.07 128.84 36.52 90.79 0
. 10 20 30 40 50 60
Experimental 97.85 251.35 71.84 174
. % Gait Cycle
Numerical 108.4 2445 77.4 170.5 ) )
Error % 9.73% 2720 7.18% 2.87% Figure 10. Maximal contact pressure for the four pratheses

during the gait cycle [MPa]
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cycle, close to 25 MPa. This results from the elastoplas
behaviour of the UHMWPE, presenting a behaviol
curve practically flat at 26 MPa.

Figure 11 shows the anterior-posterior (A-P§ T

displacement for each of the four prostheses studied. 84 \\/~
in the results of areas and pressures, NKUC and NK3 ——ros S \\ /
show analogue performance with maximal values abe ® - Zggﬁgm 5 #1
-2 mm. NKC and NKRP show much higher A-F 5 S — \ /
displacements. In the case of NKC, this is caused by [ S
low congruence between the bearing surfaces. T~l1°0 0 20 20 40 50 60
contact zone is lower than in the other models, so 1 % Gait Cycle

constraint the polyethylene finds to move with respegc_t 12 Avial rotat e for th "
the femoral component is low. For NKRP, the'due +~/xatrotation angie for the prostheses
polyethylene has no movement restriction but only those

deriving from the contact of both metallic surfaces. N
VoIPOC=6-10' > (k+ ko) ), d/
i=1

i N . (8)
- Volsim=5-1F [ 3" (k+ ko} )6, dA
£ i=1
S N
£ e .
§o VolPOC= 6 10“in§:1: ex( A Bno ), d.
S e e N VolSim=5-1C°[ > ext A Bno; 5 d ©
et ‘ AR A
70 - g1 | 3‘0‘ i o s Where 60000 and 5 millions corresponds to the number
% Gait Cycle of cycles for each test, aidis the wear depth for every

Figure 11: Anterior-Posterior displacement for the faur CyCIe'

prostheses [mm] For the POC, 39 nine experimental tests were
performed obtaining an average for polyethylene wear
Internal-external rotations are shown in Figure 18f 0.040383mn¥/km Using the FE approach, the better
Again, NKUC and NKPS present similar values, with fitting of thek parameter of Archard’s law results in 2.814
maximum of 2 degrees. In the NKC higher angles appestQ7 mn¥/Nm. However, data from SKS are necessary
that may be explained again by the low congruencefof the multidirectional model. Average wear volume of
the contact surfaces. For the NKRP, the tibial tray atite POC tests was 86.46n% for 5 millions of cycles
the polyethylene component presented very different axiald the maximal contact pressure about 50 MPa. Values
rotating angles. Polyethylene exhibited very low values$ the constants that better fit the two multidirectional
while the tibial tray suffered important rotations. This imodels are presented in Table 4.

the consequence of the application of the anterior- Figure 13 shows values of for the POC and SKS
posterior force and torque to the metallic tibial tray. Thegesic \aues ob' for the POC are nearly zero since it

results were similar to other presented in the literaty@ninits 4 clear unidirectional motion. On the other hand,
[30, 14, 13]. SKS presents higher values af" since its

multidirectionality character is remarkable.
Table 4

Values of constants for the three studied wear mode Table 5 shows the maximal wear depth and volume

predicted by the numerical simulations. The Archard’s law
Archard’s law Linear Multi. Model Exp. Multi. Model  fits well the results of the POC tests but is not capable of
evaluating correctly the SKS, being necessary to determin
this volume with the model that takes into account the
multidirectional character. The error found is 82%.

k=2.814e-07k =2.72e-0k =105e-05 A=-19.55B=0.34

3.3. Fitting of the Wear Models

The POC and SKS results data are employed to fit thé- Wear Estimation
constants of the wear models. So the estimation of themerical results of maximal wear depth and volume
total volume wear is after one million cycles are shown in Table 6. Figures
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W

Figure 13:c¢" for POC and SKS experiments

Table 5
Highest wear depth (mm) and weare volume (m#h values for the POC and SKS tests

Exp Results Archard’s law Multidirectional Model
- - Linear Model Exponential Model
- Volume Depth Volume Depth Volume Depth Volume
POC - 0.44 0.047 0.449 0.055 0.449 0.055 0.450
SKS - 86.69 0.401 15.38 2.63 86.69 2.38 86.57

16, 17 show the maximal wear depth contours for t;
Archard’s law and linear multidirectional models
respectively. In all cases the congruent model prese &
the greatest wear depth, while the NKRP show tI--
smallest ones. Comparing the wear volume, the fc--
prosthesis present very similar volumes. However th=.
effect is very different when comparing the result
predicted by the multidirectional models. Now, the NKI
presents the maximal wear volume, followed by tt &
NKRP, NKPS and finally the NKUC.

Figure 14 shows the variabje for the four
prostheses. Logically, the predominant orientation is €. _
for all the cases. However, it is observed that congru&f§ture 14: for the four prostheses

and rotating platform prostheses present greater zones ) o
with values far from 90°, indicating a higher Contours fog* are shown in Figure 15. Values for

multidirectional motion. It is expected that thesBKUC are similar to NKPS with average values of 0.017

prostheses present higher wear estimation in the cas@f 0.022. The NKC shows the highest average value of
the multidirectional wear model. about 0.034. The NKRP presents average values of 0.028,

Table 6
Maximal wear depth and wear volume results after oa million cycles for the four prostheses

Archard’s law Multidirectional model
- Linear Multi. Model Exp. Multi. Model
Max. Depth Volume Max. Depth Volume Max. Depth Volume
NKUC 0.085 11.15 0.171 19.72 0.284 33.82
NKPS 0.119 11.31 0.255 22.35 0.418 36.96
NKC 0.093 11.33 0.299 31.18 0.396 45.36

NKRP 0.071 11.31 0.135 24.68 0.229 39.30
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platforms. A gait cycle was reproduced to obtain contact
pressures and relative sliding between the contacting
surfaces. Fundamental variables like contact areas and
pressure and relative sliding of the bearing surfaces have
been analyzed. The evaluation of wear has been carried
out following two different models, taking into account
or not, the multidirectional character of the sliding.
Experimental tests on a POC and on a SKS machines
have been made to fit the parameters of the two wear
models.

[EiiE oot

L Contact areas resulted higher for the NKRP during
) the whole cycle. NKUC and NKPS presented a similar
Figure 15: g for the four prostheses performance and the NKC showed the smallest contact
reas. With respect to contact pressures, NKRP showed
e lowest values in the whole cycle and NKC the
E;hest. These results agree with those found by
fferent authors [30, 14, 42, 13] although the protheses
h(@?valuated by these authors were not the same studied
in this work. So, the results obtained are not completely
comparable. Contact pressures also agreed with that
4. DISCUSSION AND CONCLUSIONS found by Ottoet al. [31], who obtained a pressure of
The main objective of this work is to study the importandey MPa at 13% of the gait cycle for a rotating platform
of multidirectional motions in wear of the polyethylengrosthesis. NKUC and NKPS gave rise to similar values
insert in TKA. Four models of prostheses have be¢ MPa at 13% of the gait cycle) and between those of
studied, three with fixed and one with mobile bearingge NKRP (17.5 MPa) and NKC (26 MPa). Kinematics
of NKUC and NKPS was again very similar. NKC and
NKRP showed higher relative sliding and axial rotation
angles.

although it shows values very similar to NKUC an
NKPS in most of the bearing surface, it presents hig
values in the posterior zone where the tribologica
intensity is very small so it has a low influence in t
final wear depth.

Table 7
Difference in % of the removed material
volume (mn¥) between Archard’'s law and
linear multidirectional model

Prosthesis  Unidir. Linear  Difference (%) Exp. multidir
multidir
NKUC 11.15 19.72 43.46 33.82
NKPS 11.31 22.35 49.40 36.96
Figure 16:Wear depth after one million cycles for he four models NKC 11.33 31.18 63.66 45.36
using the Archard’s law ' ' ' '
NKRP 11.31 24.68 54.17 37.30

Regarding the estimation of wear of UHMPWPE,
the Archard’s law predicts values very similar for the fou
models analyzed, about iin? after one million cycles,
appearing remarkable differences amongst them when the
multidirectional character is considered and higher
respect to the Archard’s model. NKUC presents the
smallest value, NKC the biggest and NKPS and NKRP
similar and intermediate between the other two. These
results are similar to other found in the literature [2, 18,
21]. Table 7 shows these differences, that can be as high
as 64%. The highest difference appears for the NKC
Figure 17:Wear depth after one million cycles for he four models prosthesis due to the high multidirectional motion of this

using the linear multidirectional model low congruence model.
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NKRP exhibits a wear volume close to NKUC angroject DPI2006-14669 and Zimmer Inc. for providing tirawings
NKPS but slightly higher. Although NKRP presents & the different prostheses.

higher degree of congruence than the fixed bearing
models, the relative slidings are more marked. Analogous
results are found by some authors [18, 21], presentﬁllb
similar wear for fixed and mobile bearing prosthesis.
Possibly, higher differences amongst these two mod
could be found in other activities like stairs climbing or
descending, where the congruence is very different at high
flexion angles. Therefore, consideration or not of the
multidirectional character of sliding can drive td3]
remarkable differences in the estimation of wear.

We have found that the exponential model estimates
a wear volume bigger than those found in the literatugg,
On the contrary, the multidirectional linear model gives
more appropriate results comparing with other
experimental results previously published. Nevertheless,
these experimental results were obtained from differdnt
prosthesis models and materials, so further experimental
tests with this geometries and materials are needed to
better fit parameters of the wear model and to valid%?
some of the results we present in this investigation.

It is important to remark some limitations of this
study. A simplified kinematics of the articulation, taken
from standards, has been considered. A more compléte
analysis considering the actual kinematics of the joint
would be needed to obtain a more specific study. F8F
example, considering data coming from inverse dynamics
analysis obtained from volunteers using a motion captl?e
system and load platform. In order to fully simulate the
global performance of the joint it will be necessary to
introduce the complete geometry of the knee components;
bones, ligaments, tendons, etc, with reliable material
behaviours. Moreover, the loads and boundary conditions
could be obtained from in-vivo kinematics, i.e. motiof1]
capture devices and inverse dynamics or fluoroscopy.
Instead of only a gait cycle, other activities, such as stairs
climbing or descending could be also considered. The
characterization of the wear models have been perforn[1]e2&
employing only two types of experimental tests, POC and
SKS. It would be desirable to carry out furthe[rls]
experiments for a better characterization. Another
possible limitation is the simplified modelling of the
UHMWPE behaviour. Some more complex constitutive
models have been reported, includidgplasticity, [14]
viscoplastic phenomena or dependence on cyclic loading
[4, 5]. However the differences amongst the models are
not expected to be too high in this range of stresses [661
20 MPa). Some authors have also studied the influence
of removing the wearied material by modifying the finite

element mesh [47]. [16]
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