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Abstract: Frictional behaviors of articulating surfaces

have been recognized as critical factors affectihgir
service life because these behaviors play very itapbrole

Tribological behavior of hip joints are effected many
factors including, bearing material, surface hassnand
roughness, materials oxidation, number of motiocley

on wear of ultrahigh molecular weight polyethylenecontact stresses, particles sizes, counts andbdistm in

(UHMWPE) which causes failure of artificial
replacements. The objective of this study is toedeine
temperature rise as a function of sliding time arakimum
load for the articulating surfaces of vitamin E rled

UHMWPE acetabular component paired with a cobalt-
chromium (CoCrMo) femoral component. Additionally

frictional torque between the bearing surfaces maasured
and friction coefficient was calculated.
measurements of the joints were carried out on sdoou
made hip joint friction simulator. The prosthesesrevin 28
mm diameter. Applied static loads were changed f&nd
N to 1500 N. In flexion-extension plane, a simp#&rhonic

oscillatory motion between *24was applied to the
UHMWPE acetabular component. The period of moti@s w

1 Hz and the tests were run up to 11000 cycles.peeature
rise in acetabular and femoral component is reabrsigh
embedded thermocouples. Also the tests are repeathd

UHMWPE acetabular component. The results are cosapar

in terms of UHMWPE and vitamin E blended UHMWPE.
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heating,

1. INTRODUCTION

Total joint replacements have been applied tlos
patients that affected by osteoarthritis [1]. Alligh these
replacements improve life quality of the patientseir
premature failure causes lots of problem for bodtigmts
and surgeons. In present days the lifetime of &ficaal hip
joint is about 15-20 years. This duration is nobwgh for
patients younger than 60 years of age. For artiogia
surfaces, biotribological behavior like frictionyblrication
and wear are the primary failure factors that limgjtthe
service life of the prosthesis [2,3,4].

Frictional

joint lubricant [5]. The wear debris generated from beari

materials could cause adverse tissue reactiongtiase
loosening, osteolysis and at the end implant 1B 7,8,9].

Metal Backing
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Figure 1. Total Hip Prosthesis

Friction between articulating surfaces cause
temperature rise in the acetabular cup and fentorad.
This heating may influence the rate of wear, faigereep
and oxidative degradation of bearing materials J1D,
Beside this, temperature rise can damage the sudirog
tissue and lubricant around the artificial joint dan
contribute cup loosening [10]. Lu and McKellop reted
that frictional heating may promoted the protein
precipitation from the lubricant. This caused pmbpe
change of lubricant. Thermal precipitation of thetpins
may cause depletion of the proteins and incomplete
boundary lubrication so may accelerate adhesive veda
[12]. Bergmann et al. measured the changes of



temperature of hip prosthesis in vivo conditionhey hoped that the results would serve further undedsta
measured the temperature of the hip implant in teepa frictional behavior of vitamin E blended UHMWPE.

body after one hour walking. The maximum tempegatur

value was 43.2C [13]. In an other study synovial fluid’s 2. MATERIALSAND METHODS

temperature was found as 46 by 2D and 3D finite

element analysis. By considering that the bioldgica Acetabular cups were machined from Chirulen 1028 an
defects are occur at 4@, it is clear that frictional heating  Chirulen 1020 E rods. (MediTECH Medical Polymers,
negatively affects service life of artificial jas[10,14] Vreden, Germany). The inner surface of the sampie®
So measurement of temperature rise and evaluatingmachined same as an acetabular cup and in accereatic
frictional behavior of the bearing materials is ongant for ISO 7206-2:2011 and ISO 21535 [28,29]. To provide
development of new materials and designs for eiifi uniform construction for heat dissipation, metatkiag or
joints with long service life [9]. fixing tools were not used except screw to fix tHanples.
For this reason the outer surfaces of the samplese w
ylindrical in 40 mm diameter and three screws wesed

or fixation. The acetabular cup samples were pairth

Different material combinations are used in a tdtial
replacement. The most cammon combination is met
femoral head- ultra high molecular weigth polyeémgd ) ) .
(UHMWPE) cup. Besides ceramic-ceramic, metal-meta/COCrMo commercially available femoral heads (TSbbTi

ceramic-UHMWPE combinations of bearing materiale arAIetIer San. Ve Tic. Ltd.Sti. Istanbul, Turkiye). h&

used [15]. UHMWPE has been the most cammonly useWostheses were in 28 mm diameter. Surface roughoies
acetabular cup material for past four decades Ilsecafiits acetabular cups was measured by Taylor Hobson Form

: o ; g Talysurf Intra. Surface roughness of, UHMWPE 0.6in9,
excellent biocompatibility, chemical stability, imgt load A
damping properties and low friction coefficient8]. But, vitamin E blended UHMWPE was 0.64im. These values

: : . itable for the reference of ISO 7206-2:2028].[
the wear debris of UHMWPE is a threatining factor f are suita !
implant failure. So there was a need for enhangéroén Mechanical and thermal properties of UHMWPE, VE-

UHMWPE properties. Radiation cross-linking of UHM&P UHMWPE and CoCrMo can be seen in table 1.

has showed higher wear resistance than conventional Frictional measurements of the joints are carrigidom a
UHMWPE but mechanical properties and oxidationcustom made hip joint friction simulator. For elivating
resistance has decreased [3,17,18,19]. Delaminatiaxperimental inaccuracies the prosthesis are iedevtith
commonly occurs when mechanical properties decreasespect to anatomical position as in previous studi
[20]. Oxidation with subsequent embrittlement 0f[11,12,30]. Applied static loads are changed fradd A to
UHMWPE decrease abrasive wear resistance of therialat 1500 N. In flexion-extension plane, a simple harimon
[21, 22].1t was reported that addition of vitamin E incresse oscillatory motion between +24s applied to the UHMWPE
oxidation and delamination resistance of conveamtiand acetabular component. The period of motion is lakid the
cross-linked UHMWPE while maintaining the mechahicatests are run up to 11000 cycles in 5 ml, 25% Badalf
properties [21,23,24,25]. (Sigma-Aldrich) lubrication condition. To avoid hadal
fopontami_nation 0.3% §odium azide_ and_ 5 mM EDTA was
added in to the lubricant. The viscosity of the ricént
measured with NDJ-1 Rotary Viscometer as 0.002 Plaes
experimental setup can be seen in Figure 2.

Although the researches have being done
determining the wear behavior of the total joint
replacements in order to improve design, materiad a
manufacturing quality and service life of thesenisj it is
still unknown phenomena how to design wear redistan
artificial joint parts and select ideal materiairpdor these
kinds of replacements. Therefore examining thdifnmcand
wear characteristics of the prosthesis materials jpath for
in vivo clinical applications and in vitro laborayo Datalogger
simulations is still one of the most important txpifor
researchers [6,16,26,27].

Little literature research is available about fdogl
heating of vitamin E blended UHMWPE. The objectife
this study is to determine temperature rise asnatiion of
sliding time and applied load for the articulatisgrfaces of
vitamin E blended UHMWPE and conventional UHMWPE
acetabular component paired with a cobalt-chromium
(CoCrMo) femoral component. Additionally frictional
torque between the bearing surfaces was measuréd an
friction coefficient was calculated. Frictional tperature
rise and frictional torque values of UHMWPE were
compared with literature results. So these samplese
reference for our experiments. The results for Mita E
blended UHMWPE were compared with UHMWPE. It is

Figure 2. Experimental setup



Table 1. Mechanical and thermal properties of UHMWPE,

VE-UHMWPE and CoCrMo

Variable Unit VE- CoCrMo
Average Average Average

Density Kg/ni 936 937 8270

Young’s MPa 660 683 200

Modulus

Poisson’s 0.46 0.46 0.3

Ratio

Thermal W/(m*K) 0.4 0.4 121

Conductivity

Temperature rise increased by increasing normal
loading. VE-UHMWPE cups temperature rises were abou
0.12-0.60 °C lower than conventional UHMWPE cup
samples. Temperature rise in CoCrMo femoral heatige
paired with VE-UHMWPE, were about 1.6 lower than
CoCrMo femoral head, while paired with conventional
UHMWPE sliding pair.

Table 2. Frictional temperature rise peak values for
UHMWPE/VE-UHMWPE acetabular cupsAT;) and
CoCrMo femoral head\{T4) sliding surfaces top points.

Temperature rise in acetabular and femoral componerm

was recorded with embedded thermocouples as shown i200

fig.2. For acetabular cup surface temperature nmeamnts
were taken from seven points. 3 mm diameter holesew
drilled in to backside of the cups to 0.5 mm frdra surface.
The holes and number of location for each thermpleocan
be seen in the cross-sectional view of the samawidg in
Figure 3. After initial calibration of thermocouplethey
were adhered in the holes by heat conduction dhirst
thermocouple was located at the central axis ofthe this
point was on the normal load axis and center ofstiténg
surfaces. Second, third, fifth thermocouples welaced
right sides of the load axis and sixth, seventh aighth
thermocouples were attached left side of the loaslwith 3
mm intervals along the motion direction. For fenidraad
surface temperature measurement fourth thermocoupse
placed inside the bottom center of taper hole ef liead.
Output signals were collected by a data loggeraHic-08)
that connected to computer program. Then the testyrer
values were calculated according to pre-calibragignation.

CoCiMo
femoral head

UHMWPE
acetabular cup

Holes for / o

thermocouple

Load (N)  UHMWPE VE-UHMWPE
AT,=6.01 °C  AT,=5.89 °C
AT,=9.48°C  AT,=7.88 °C

250 AT;=1019°C AT, =9.89 °C
AT,=17.86°C  AT,=16.50°C

1000 AT;=1122°C AT, =10.87°C
AT,=20.76°C  AT,=19.31°C

1500 AT, =13.6C AT, =13.03C
AT,=29.0°C  AT,=26.03°C

The temperature rises for both VE-UHMWPE and
UHMWPE cups taken from top contact points (locatign
for different loading conditions can be seen ingig
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Figure 4. The temperature rises for both VE-UHMWPE and
UHMWPE cups taken from top contact points (locatibnfor
different loading conditions.

The temperature rises for CoCrMo femoral headsepair
with both VE-UHMWPE and UHMWPE cups can be seen
in fig.6. The temperatures were taken from top &oint
points (location 4) for different loading conditgn

For each loading conditions and each material pairs

Figure 3. Drawing of acetabular cup and femoral head Withtemperature rise curve showed similar charactesistis

thermocouple holes. The numbers on holes, showottation of
each thermocouple.

3. RESULTS

Frictional temperature rises, recorded during 10.080cle
for acetabular cup and femoral head sliding susaip
points (1. and 4. Locations) under different loadin
conditions, can be seen in Table 2.

shown in fig.5 and fig.6. It is important to noteat these
recorded temperatures are for the thermocoupletitota
points. So the surface temperatures must be higteer

measured values.

The temperature distribution in VE-UHMWPE and
conventional UHMWPE paired with CoCrMo femoral head
under 1000 N static load can be seen in fig. 7iarfiy. 8
respectively.



30 decreasing while moving away from top contact sefaf
25 the materials. The values for these locations \26r&4°C,
20 —_— 28.90 °C, 26.88C, 28.73°C, 28.11°C and 26.79°C

15 K"’ respectively.
5 /;—_

Temperature rise AT (°C)
=
(=)

== CoCrio paired with .. .
UHMWEPE calculated accurately. Instead of friction coe#fiti u, a

dimensionless parameter called friction factor was
determined by using the equation (1).
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Figure 5. The temperature rises for CoCrMo femoral heads gaire £ *
with both VE-UHMWPE and UHMWPE cups. The temperatur g
were taken from top contact points (location 4) fiifferent =k
loading conditions. {
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025 . . .
2 —&—VE-UHMWPE Figure 8. The temperature rise of the conventional UHMWPE
S0 acetabular cup and CoCrMo femoral head for 1000Nitaga
b == UHMWPE condition taken from 8 different location points.
o 15 . i . ..
£ o Because of the ball-in-cup configuration of the jamt
= CoCrMo paired with L . e
B g VE-UHMWPE the pressure distribution within the contact areanot be
“é determined precisely. So the friction coefficientpnnot be
@
o
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Figure 6. Temperature rise as a function of applied statad Jan :ﬁ (€]
location 1 and location 4 at the end of 11.000eycl
Here,f is the friction factor, T is the measured torghen),
a r is the radius of femoral head (m), L is the I¢&igi [31].
” In present study the measured average torque WO@€r
_ N loading and end of 11.000 cycle was 1.2 Nm a@dNIm
Lo for VE-UHMWPE and conventional UHMWPE
5 respectively. So the friction factors, calculated Wising
g » equation (1) 0.085 for VE-UHMWPE and 0.12 for
g UHMWPE.
w Y 4. DISCUSSION
15 The results indicate that a significant temperattse
” o . o e e “** was occurred in UHMWPE and VE-UHMWPE acetabular
Time (sec) .- .
cup samples sliding against CoCrMo femoral heads.
Figure 7. The temperature rise of the VE-UHMWPE acetabular . . .
cup and CoCrMo femoral head for 1000N loading coowlitaken Because of the differences in thermal conductivitjhe

from 8 different location points. sample materials, the temperature rise in CoCrMuofal
head was higher than acetabular cup samples. @oficant

For each thermocouple location points, the ratehef  portion of the frictional heat conducted througk famoral
temperature rise was high up to 2000 seconds tiemate nhead. For each loading conditions the temperatise r

was decreasing. Temperature values for locationnd a gjyes listed in table 2. The peak temperature egfior
location 4 which were in contact points and locaedthe  vE-UHMWPE and UHMWPE acetabular cups at location 1
center of normal load axis are highest for both VEyere 31.08C and 31.72C respectively for 1500 N loading
UHMWPE/CoCrMo  and  UHMWPE/CoCrMo  sample ¢ondition and 3 hours test duration. Lu and McKEIRLO

groups. For VE-UHMWPE/CoCrMo  sliding  pairs [12] found 40.4C for 2030 N loading condition and 6 hours
temperature at location 1 was 29°@2and at location 4 was test duration. The peak temperature values for ®@Cr

39.11. Temperatures for the locations 2,3,5,6,7@€W femoral heads at location 4 were 4393 and 46.90°C



while paired with VE-UHMWPE and UHMWPE acetabular UHMWPE, conventional UHMWPE was used as control
cups respectively. In previous study [12] Lu andmaterial. The results for conventional UHMWPE were
McKELLOP measured the CoCrMo femoral headcomparable with literature results. Temperature nisVE-
temperature as 4C while Liao et al. measured 4C [11]. UHMWPE asetabular cup was about 0.5-Z0lower than

In an in vivo study Bergmann et al. [13] measurbd t conventional UHMWPE for different location of
temperature of femoral head as 43 All of these studies thermocouples. Temperature rise in CoCrMo femoeslch
CoCrMo femoral heads were paired with conventionapaired with VE-UHMWPE acetabular cup was about3.(b-
UHMWPE acetabular cups. °C lower than CoCrMo femoral head paired with UHMWPE

The results in different studies may differ accogdio af:ef[abular cup. Measured torque value and calcllate
. : " frictional factor were lower for VE-UHMWPE than
the used materials properties or test conditionsl an

A : . conventional UHMWPE.
parameters. For example, in friction simulator ssadb ml
of lubricant was used [30] while in wear simulastudies 6. ACKNOWLEDGMENTS
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