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Transient elastohydrodynamic lubrication analysis of a nowel met-
al-on-metal hip prosthesis with an aspherical acetabular bearing
surface
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of Medical and Biological Engineering,School of Mechanical Engineering, University of Leeds, Leeds, LS2 9JT,
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Abstract: Objective To investigate the EHL performance of a novel prosthesis employing Alpharabola cup un-
der realistic walking conditions. Method A transient elastohydrodynamic lubrication model was created for this
nowvel hip prosthesis. A normal walking gait was represented by the ISO specified dynamic operation conditions.
Complete numerical solutions were obtained by solving the Reynolds equation in spherical coordinates, the
film thickness equation and the load balance equations using Multi-grid technologies. Result Detailed varia-
tions in film profile and pressure distribution during one convergent walking cycle were analyzed. The effect of
parameter « on quasi-static and transient solutions of the central and minimum film thicknesses and maximum
pressures was investigated. The transient and quasi-static solutions for the same parameter a were compared.
The lubrication performance of Alpharabola hip prostheses and that of a spherical hip prosthesis were com-
pared under both transient and quasi-static conditions. Conclusions It was found that both the squeeze film
action and the non-spherical acetabular surface can significantly improve lubrication performance under realis-
tic walking conditions, in increasing the predicted lubricant film thickness and decreasing the maximum hydro-
dynamic pressure. The metal-on-metal Alpharabola hip prosthesis was shown to benefit from fluid film lubrica-
tion significantly more than spherical hip prostheses.

Key words : Transient elastohydrodynamic lubrication; Metal-on-metal hip prostheses; Non-spherical bearing
surfaces; Alpharabola acetabular surface
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1 Introduction

Hip joint connects the lower limbs to the trunk by a
ball-in-socket articulation, which can be viewed as a re-
markable bearing in the human body in engineering
terms. Such a bearing is expected to function in the body
for a lifetime whilst transmitting large dynamic loads and
providing a wide range of movements. Therefore, when
osteoarthritis, rheumatoid arthritis or trauma causes it to
fail to function properly, the individual's life style is severe-
ly impaired. Hip joint arthroplasty has been regarded as
the most successful surgical treatment to hip joint disea-
ses in the past century. More recently, a significant devel-
opment of the metal-on-metal (MOM) bearing combina-
tion has been withessed due to its exceedingly low wear
rate. Since the metallic wear particles are nanometers
in size and high in numbers, they are very easy to be ab-
sorbed by the joint tissues and disseminated to other or-
gans[z’”. Therefore, in order to awid the potential risk of
adverse biological reactions, it is still necessary to mini-
mize wear in MOM hip prostheses.

Lubrication study plays an important role in minimi-
zing wear of MOM hip prosthesis since an effective lubri-
cant film in hip prostheses can sustain the external load
between the bearing surfaces while awid direct asperity
contacts. Thereby the wear of the two bearing surfaces
may be mainly governed by the viscous characteristics of
the synovial fluid in the joints. Diameter and diametral
clearance of MOM hip prosthesis have been found to be
important parameters for improving lubrication™®’. More-
over, flexible structural supports, such as the polyethylene
backing underneath the metallic bearing in the Metasul
bearing system and the taper connection in the Ultima
prosthesis, can also improve the film thickness by in-
creasing the elastic deformation'”®’.

Although reducing clearance is an important design
consideration in wear reduction in MOM hip prostheses, it
is limited by a number of practical factors, such as the re-
quirement of tighter manufacturing accuracy, the potential
clamping and equatorial contact under loading and when
implanted through press-fit'®’, etc. An excessively small
clearance may also result in a drastic increase in wear
and frictional torque™™’. On the other hand, MOM hip
prosthesis bearings exhibit biphasic wear, an initial run-
ning-in or bedding-in phase with a higher wear rate, fol-
lowed by a steady-state phase at a lower wear rate!'> "’
It is widely believed that during the running-in wear
phase, the two bearing surfaces of the hip prosthesis are
slowly modified by wear, forming more conforming bear-
ing surfaces in the womn area'™ '™’ The running-in wear
in MOM hip prostheses implies that spherical bearings
are not optimal from a lubrication point of view. Within the
worn patch, the clearance between the two bearing sur-

faces is significantly reduced, compared with the initial
value. This produces a geometry that is more favorable to
fluid film lubrication [*'. When fluid film lubrication pre-
vails, the wear during the steady-state phase occurs at a
slower rate. Therefore, it is reasonable to assume that
the optimized MOM bearing surfaces should resemble
those of the worn bearing surfaces after the running-in
wear.

Therefore, it is only necessary to reduce the clear-
ance of the MOM bearings within the main loaded area,
while it is advantageous to increase the clearance in the
equatorial region. Such a variable clearance can be a-
chieved through using an aspherical bearing surface for
either acetabular cup or femoral head. Alpharabola ace-
tabular cup surface™ "’ is one of such examples. The
contact mechanics and elastohydrodynamic lubrication
(EHL) of a novel hip prosthesis with an Alpharabola ace-
tabular cup under steady-state operating conditions have
been studied and the lubrication advantages of the Alpha-
rabola cup surface over a spherical surface have been
found"”’. The purpose of this study was to investigate the
transient EHL of this novel hip prosthesis under dynamic
load and motion specified by ISO standard.

2 Lubrication Model and Methods

21 Model

Since the effect of the inclination angle of the cup on
lubrication performance is negligible throughout the nor-
mal walking cycle'™, the cup was positioned horizontally
instead of inclined anatomically as shown in Fig.1. An Al-
pharabola surface was applied as the surface of the ace-
tabular cup, which was defined as Eq. (1)""':

L_'_(y' R2+R2/a)2+i

R o R o Rla

2 2 2

where x, y and z are Cartesian coordinates defined in
Figs.1 and 2. R, is the desired minimum radius of curva-
ture of the cup; « is a parameter to control the variation
rate of the radius of the curvature. Only the portion of the
surface within 0 <y<R, was employed. The radius of the
femoral head, R,, was equal to R, to produce a local zero
radial clearance at the pole. A relatively larger clearance

at the equatorial region, ( v2 - a - 1)R,, was formed by
the variation of the radius of the cup.

Both femoral head and acetabular cup of this pros-
thesis were assumed to be made of CoCr alloy. The cup
thickness of 9.5 mm for a typical 28 mm total hip replace-
ment (THR) was adopted. The effect of bone and fixation
was represented by an equivalent support layer of thick-
ness of 2 mm!®. The lubricant in artificial hip joints is
periprosthetic synovial fluid, which was assumed as
Newtonian, isoviscous and incompressible® "' There-
fore a realistic viscosity of 0.002 Pa s was adopted to

=1,0 <a<1 (1)
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simulate the in-vivo conditions. The geometric and me-
chanical parameters of the transient EHL model of Alpha-
rabola hip prostheses are summarized in Tab.1.

hy

Equivalent support Alpharabola cup

layer surface

Fig.1 A simple ball-in-socket configuration for the MOM hip
prosthesis employing Alpharabola as the bearing surface of the
cup

E 1 A Apharabola #&E-eBATHEXT TEE

Fig2 Definition of spherical coordinates and mesh grid on a
given level®!
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TabA Typical geometric and physical parameters adopted in
this study for the transient EHL model of Alpharabola hip pros-
theses
%1 Apharabola A TEIX TR AT MER BB R JL@H0 0
#F5H

Thickness of equivalent support 2 mm

o 0.9957, 0.99, 0.97
Minimum radius of cup inside surface, R, 14 mm

Radius of head, R, 14 mm

Cup wall thickness 9.5 mm

Elastic modulus of the metal 210 GPa

Elastic modulus of equivalent support 2.27 GPa

Poisson$ ratio of metal 0.3

Poissons ratio of equivalent support 0.23

Viscosity of synovial fluid 0.002 Pa s

In reality, both the load and motion experienced in
human hip joints are three-dimensional and time-de-
pendent™ . In this study, the dynamic operation condi-
tions of normal walking specified by the ISO testing
standard™® were adopted. Since the major velocity com-
ponent is in flexion/extension direction, only the rotation
velocity around the z axis, », was considered'”, as
shown in Fig.3. In addition, the load applied was in the
vertical direction.
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Fig.3 Variation of the dynamic load (a) and welocity (b) within a
walking gait specified by ISO standard
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22 Goweming equations
The governing equation for the hydrodynamic action
between the two bearing surfaces is the Reynolds equa-
tion, which took the following form in the spherical coordi-
nates for the present study:
. [i] 3 . d, i) 3 0, -
sin Gﬁ(h sm05%)+ @(h 5%) =
671Rfsin20(w% +291) @)
where p is the hydrodynamic pressure; h is the film thick-
ness; n is the viscosity of the periprosthetic synovial fluid;
tis time; w is the angular velocity of the femoral head; ¢
and # are spherical coordinates, as defined in Fig. 2.
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The boundary conditions at any instant were the
same as those of a steady-state EHL problem:
p0.0) = p(m0) = p(¢0) = p(d.w) =0
oplop = oplod =0, 0 <p <w, 0 <O <m
The film thickness consisted of the undeformed gap and
the elastic deformation of bearing surfaces due to the hy-
drodynamic pressure:

h = R.(6¢) - R, - e,sinfcosé - e,sinfsindg +& (3)
where e, and e, are eccentricities of the femoral head;dis
the elastic deformation of bearing surfaces; R, (6,0 ) is
the varying radius of the aspherical cup, which was calcu-
lated by substituting the following equations

X = R, sinficosd, y = R, sinfsiné,
and z = R, cosf
into Eq.(1), then solving the resultant quadratic equation
with R, as unknowns.

In addition, the external load components, f,, f,and f,,
were balanced by the integration of the hydrodynamic
pressure:

f=R j j psin®6cosédddd = 0 @)
0 Y0
- 2 s -2 . -
f, = R1L J; psin“dsingdfdd = w, (5)
=R f j psincosddidd = 0 ®)
0 Y0

Since only the vertical load and the flexion/extension mo-
tion were considered, Eq. (6) was satisfied automatically.
23 Numerical method

In order to facilitate the numerical analysis and im-
prove the stability of the numerical process, the governing
equations used in the present study were non-dimen-
sionalised using the foIIowing definitions:

2
L ¥ _ 8nR\w,
H=- o A= P=f Tt A =— 5,
_ w—_ f— _f
w = wlw,, W= ,fo= =25, f, =
’ ER: ER’ 7 ER @)

1
where E is the elastic modulus of the material of cup and

head. Theoretically, {2, and ¢ can be any constant except
zero. In this study, w, was chosen as 2 rad/s and ¢ was
chosen as the radial clearance at the equatorial region,
(V2 -a- 1R, .

The gowverning equations after non-dimensionalised
were written as respectively,

9o (3 E s P
sin @ aO(H sing 60) ad)(H ¢)
oH oH
Asin?g( w92 + 228 8
sin ( a¢>+28T) @)
H= Re ; Ri &,8infcosd - e,sinfsing +A  (9)
f = f j Psin®fcosddodd = 0 (10)
0 Y0
f, = j f Psin’gcosdodd = W (1)
0 Yo

A walking cycle was divided into 100 instants. At each in-
stant the numerical technique was similar to that of a
steady-state solution. In brief, the Reynolds equation was
solved with a multi-grid method; the elastic deformation

was calculated using a multi-level multi-integration tech-
nique™’; the load balance was satisfied through adjus-
ting the eccentricity ratios of xand y. The detailed descrip-
tion of the numerical method is as following.

The calculation domain was divided into different
grids on different levels. The Reynolds equation (8) was
discretized with a finite difference scheme into the same
form on each lewel of grids. At each non-boundary node,
when the superscript k was used to denote the grid level,
and subscripts i, j were used as nodal numbers in the ¢
and @ directions respectively, using the central finite differ-
ence approximation to the left-hand side of Eq.(8) and the
backward finite difference to the right-hand side, the
Reynolds equation (8) was written as

(LP); = F, (12)
In detail,
sing
(AG )j [(‘9:,, 1/zS|n0; 1” Pf(] 178 1/zS|n0, 1”2
u+mS|n0 +112)Pk + (‘9,,,+1/23m0 +12)Pu+1} +
S A P, + + P -
A k\2 ij-12§" i-ij i-12f 1+1IZ,/ l+1/2 i+
@Ae’) L "
wsinzajka"” 2sin’g] e =F, (13)

where & = H*/A , and
K _ K K K _ K
Crpy = (€i+1,1 ¢ )’2 8u+12 - ('gi,iﬂ

e = (O, + )2
Furthermore, A¢* and A¢ are the mesh lengths in the 0,6
directions on grid level k respectively, and AT is the time
interval.
The discretized film thickness equation was

R, - R .
H;, = °71 - axsma'fcos<1>.k -

n*

& S|n0 sing, + z ZK,,W oy (14)

K1=0 /=0
k .
where n, and n¢ are the numbers of nodes on level kin #

and ¢ directions respectively; K, ,, is the elastic de-
formation coefficient, representing the summation of the
elastic deformation of both cup and head at node (j, j) re-
sulting from the unit pressure at node (k1, /). The deform-
ation coefficients of the Alpharabola cup were approxima-
ted by those of a spherical cup with a radius given by the
minimum radius of the Alpharabola cup!™"?’.

In order to simplify the writing of the discretized load
equations, the Simpson's quadrature on level r was de-
fined as

+ e )2,

o nR-1nR-1
-[) J(.) Urdad(b A(brAO 2 2 [16U21+1 2j+1 + 4(l'121+1 2j
U;i+1,2j+2 + U;i,2j+1 + U;i+2,2j+1) ;i,2j + U;i+2,2j + U;i,2j+2
v .1 (15)

2i+2,2j+2
then the load equations were discretized as follows on

level k

x"’|

j f Q‘dédd = g (16)
jfskdadqb g (17)

<o
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where

Q = Psin’dcos¢, S = Psin’0sing
Only on the finest level of grid (i.e. when k =m), the right-
hand side terms for Egs. (12), (16) and (17). were derived
from the discretized Reynolds and load equations as

( k)T AT

= - k [ L A—

# 2sin? T (18)
gx = O,gy =W (19)

where the superscript T - AT denotes the previous in-
stant. On all the other levels, the right-hand side terms
were determined from the relaxation results on the upper
level through an operator of restriction.

FU= LK PH + TR - LY PR (20)

where E‘k is the solved vector of nodal pressures on the

current level and fk'1 is the operator of restriction from the
current level to the lower level.
Pressure relaxation was carried out on each level u-
sing the following iterative scheme
P = P, + w:dP) 21)
where w; is the under-relaxation factor; SPZ. was calculat-

ed from a local Newton-Raphson scheme:

k
R - 22)
4 (3L, P
At a typical inner node, the formulae for rf]. and (6L,J/6P,J)k
were

6P

K sing’
rl'J B Ff] (AO )j [(811 1IZSIn0] 1/2)PIJ1 - ( i 1/28”1e +
Uﬂ,zsme + )P,.J. + ( S'”e,ﬂ,z)’;,k;jﬂ] -
1 K =k K K Sk kK Sk
m[si-m,/ Pi-1/2j - (si-1/2,j + 8i+1fz,;')Pi,j t 8i+1f2JPi+1i] +
K K
sin’g; [ —J—R”L +2 H, (23)
Ad AT
aLi, _ sme
(BP,-‘;) - (A k)Z(SI,; 128“‘19} 1” 1,/+1IZSIne]+1IZ) -
Doy - Dyy)sin®e _ Dy,sin’e’
Aot gy Dot DuksinG, ) Dopsin'e,
(Ap7)y T A Ad AT

(24)

In Egs. (21) and (23), Pis the initial old pressure, and .5
is the relaxed new pressure. At the beginning of every re-

laxation, H and ¢ were updated using the obtained P.
W cycles were employed for pressure relaxation®®’. 257
nodes were arranged in both 8 and ¢ directions on the fi-
nest level of grid according to previous studies!™®2"!. U-
sing formulae (25) and (26), ¢, and ¢, were first adjusted
on the lowest level and then adjusted on the finest level
after a W cycle when the relative error of pressure, de-
fined in Eq. (27), was less than a given requirement, 0.05
in the present study.

2y = - we,(f:f:bdow - 9) (25)

5, =2, - w(fo jo 3deds - g,) (26)
where w, and », are the relaxation factors; &, and &, are
the initial eccentricity ratios in the x and y directions re-
spectively; and e, and ¢, are the modified eccentricity rati-
0s.

The simulation started with a steady state solution.
The convergent solution at an instant was obtained until
the following requirements of pressure and loads were
satisfied simultaneously on the finest level of grids:

> 2 | Pi- Pyl
Errp = =2 - < 0.001 27)
P
=0 §=0_ >
Err; = ‘ f ‘ < 0.01 28
"= |ooo1w ' (28)
Erry = ‘W_sz < 0.001 (29)

where PE and PZ are the solved and initial pressures of
a W cycle. The convergent solution of film thickness,
pressure and eccentricities at this instant was used as
the initial values for the next instant until five walking cy-
cles were finished. Mesh sensitivity was checked for both
spatial grid and temporal step to ensure the accuracy of
the numerical prediction.

3 Results

Fig4 shows the predicted central and minimum film
thicknesses and maximum pressure as a function of
time for an Alpharabola cup with « = 0.99 during five
walking cycles. It is clear that the cyclic convergence of
the numerical solution was quickly achieved after two or
three cycles. Therefore, all the results shown in Figs.5-8
were taken from the fifth walking cycle after the cyclic con-
vergence was achieved. The typical three-dimensional
film profiles and pressure distributions at the instants of
011 s,0.5 s and 0.8 s of one convergent walking cycle
are shown in Fig5. Fig6 shows the effect of « on quasi-
static and transient solutions of the central and minimum
film thicknesses and maximum pressures. Fig.7 com-
pares the predicted central and minimum film thicknes-
ses and maximum pressures between the transient so-
lution and the quasi-static estimation of the Alpharabola
cup with @ = 0.9957. In order to compare the lubrication
performance of the Alpharabola cups with a spherical
cup, the central and minimum film thicknesses and maxi-
mum pressure of a typical 28 mm spherical hip implant
with a radial clearance of 30 um are also plotted in Fig.7
under both transient and quasi-static conditions. The
comparison of the quasi-static and transient film profiles
at the central line along the entraining direction at three
instants with different values of « (0.9957, 0.97) is shown
in Fig. 8.

4 Discussion

The film thickness in a transient EHL problem is
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mainly determined by both the entraining and normal ap-
proach velocities. Moreover, the variation in both the load
and the velocity may affect the normal approach velocity.
Furthermore, the same walking condition may have differ-
ent effects on lubrication performance for different bearing
surfaces. The squeeze film action may also affect the
pressure distribution although it is mainly determined by
the loading conditions. Therefore, the lubrication mecha-
nism in the Alpharabola prostheses is quite complex be-
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2
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g 01}
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cause of the complex walking conditions and aspherical
bearing surfaces. In order to investigate the effect of the
squeeze film action caused by the walking conditions, the
transient solutions were compared with the quasi-static
solutions. Moreover, the effect of the aspherical bearing
surface was investigated by comparing both the quasi-

static and transient solutions with those of a spherical
one.
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Fig4 Predicted central and minimum film thicknesses (a) and maximum pressure (b) for an Alpharabola cup during five walking cy-
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Fig.8 Quasi-static and transient film profiles at the central line along the entraining direction at three instants for Alpharabola cups of
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Compared with the spherical hip prostheses, the Al-
pharabola hip prosthesis featured a relatively uniform
pressure distribution and a significantly thicker central film
thickness during the whole walking cycle, as shown in
Figs 5 and 8. The pocket in the film profile was similar to
the dimple observed for a pure squeeze EHL problemm].
Due to the nearly parallel bearing surfaces at the contact
conjunction, the normal approach or separation velocities
were much greater than those of the spherical bearing
systems. Therefore, at the contact conjunction the
squeeze film action of the Alpharabola hip prosthesis was
much stronger, causing the dimple in film thickness pro-
files. The increased lubricant film at the contact center for
the non-spherical cups may provide more protection from
wear under adverse lubrication conditions such as a sud-
den increase in load or without entraining velocity, associ-
ated with start-up and stopping. Because of the strong
squeeze film action at the contact area, the corresponding
pressure was increased; therefore, a more uniform pres-
sure distribution than the steady-state results™’ was
formed. This may help to awid the potential stress con-
centration caused by the annular maximum pressure dis-
tribution. Similar pressure distribution has also been
found in the Metasul bearing system, as a result of the
polyethylene backing™’.

As shown in Fig.6, during the stance phase, the
squeeze film action of the transient walking conditions
can significantly improve the film thickness. The fransient
central and minimum film thicknesses were generally two
folds of the quasi-static results for both cases ofa = 0.
9957 and 0.97. Howevwer, during most of the swing phase,
it is interesting to note that for the case of « = 0.9957,
both the central and minimum film thicknesses under the
quasi-static condition were thicker than those under the
transient condition. However, for the case of« = 0.97, the
transient film thicknesses were thicker. This is because
for the case of « = 0.9957, the effect of entraining velocity
under steady state condition was significant due to the
more conforming bearing surfaces, as shown in Fig.8.
However, under transient conditions, the damping of the
lubricant prevented the film from varying directly with the
entraining velocity. For the cup with @ = 097, the effect of
entraining velocity was overwhelmed by that of the
squeeze film action during the swing phase. There was
no large difference between the transient and quasi-static
maximum pressures as shown in Fig.6¢c. However, the
action of squeeze film on pressure occurred at the contact
centre. A comparison between the transient and quasi-
static central pressure indicates that the effect of transient
action on pressure can not be neglected, as shown in
Fig.6d. Therefore, steady-state EHL study is not enough to
provide accurate estimation of film thickness and pres-
sure distribution for the Alpharabola cup under real walk-
ing conditions. Correspondingly, the minimum film thick-
ness formula developed by Hamrock and Dowson based
on steady state, is no longer valid for this non-spherical
cup due to the effects of squeeze film action and non-

spherical surface.

Since the radii of the spherical head and the non-
spherical cup were equal at the pole, the clearance be-
tween the head and cup was mainly produced by the vari-
ation in the radius of the cup. A smaller « means a greater
deviation from a sphere, resulting in the decrease in the
conformity in the contact area. Therefore, as shown in Fig.
6, with the decrease in «, the central and minimum film
thicknesses decreased while the maximum pressure in-
creased. This implies the importance of the sphericity of
the bearing surfaces on lubrication performance and this
is consistent with a previous study'®®’.

The effects of bearing surfaces and squeeze film ac-
tion can be clarified individually by comparing the transient
and quasi-static solutions of the Alpharabola cup and
spherical cup systems. For example, as shown in Fig.7,
at the instant of 0.1 s, the quasi-static solution of the Al-
pharabola hip prosthesis provided a minimum film thick-
ness twice of that of the spherical bearing system be-
cause of the improved conformity. Furthermore, the transi-
ent solution of the spherical hip prosthesis was three
folds of the corresponding quasi-static solution due to the
large squeeze film action caused by the increase in load.
Howevwer, the transient minimum film thickness of the Al-
pharabola hip prosthesis was more than six folds of that
of the quasi-static solution of the spherical hip prosthesis.
Therefore the synergistic effect of the squeeze film action
and the conforming aspherical bearing surface is evident.

The lubrication performance of the Alpharabola cup
and a spherical cup was compared by assuming a simi-
lar equatorial radial clearance. The corresponding a value
for the non-spherical cup was 0.9957 to a 28 mm spheri-
cal cup with a radial clearance of 30 um. Since the con-
tact area of the Alpharabola hip prosthesis was greatly in-
creased, compared with the spherical one under the
same load [""’, moreover, the pressure is mainly deter-
mined by load and contact area, the maximum pressure
of the Alpharabola hip prosthesis during a walking gait
was only 13 of that of the spherical hip prosthesis as
shown in Fig.7. During most of a walking gait, both central
and minimum film thicknesses of the Alpharabola hip
prosthesis were more than two folds of those of the
spherical one. Such a significant improvement in film
thickness and decrease in pressure may be expected to
reduce wear significantly.

It is interesting to estimate the mode of lubrication of
the Alpharabola hip prosthesis. It has been shown that
the 28 mm spherical MOM hip prosthesis with a radial
clearance of 30 um operates in a mixed lubrication re-
gime, experimentally™®’ and theoretically'®’. The theoreti-
cal prediction is usually based on the lambda ratio, which
is defined as:

Y — 30)

\' Rz(head) + Rza(cup)
where h,,, is the minimum film thickness during the walk-
ing cycle; Rapead) @aNd R, are average roughness of fem-
oral head and acetabular cup respectively, typically in the
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rang of 5-15 nm™"’. A minimum value of three for A indi-
cates a fluid film lubrication regime. The larger value of
the roughness, 15 nm, resulting in a composite surface
roughness of 21 nm, was adopted in this study to esti-
mate the worse case scenario. As shown in Fig.7, the Al-
pharabola hip prosthesis with « of 0.9957 may operate in
fluid film lubrication during the whole walking gait. Howev-
er, for the 28 mm spherical hip prosthesis, fluid film lubri-
cation only occurred 10% of a walking gait. Even for a «
value of 0.97, corresponding to an equatorial clearance of
208 um, fluid film lubrication may occur during the whole
swing phase as shown in Fig.6, much higher than that in
the spherical hip prosthesis. Therefore, the Alpharabola
hip prosthesis is more likely to benefit from fluid film lubri-
cation than the spherical hip prosthesis. This is consist-
ent with the effect of the modified geometry after running-
in wear on lubrication improvement ™" Therefore, it is
expected that the Alpharabola hip prostheses may awoid
or reduce the running-in wear phase.

There are a number of limitations of the present
study. The anatomical inclination of the cup was not con-
sidered. When it is considered, the position of the zero
clearance needs to be modified. A more realistic model
should also include the abduction/adduction and internal/
external motions and the load in x and z directions. Other
important issues such as design and manufacturing of
the non-spherical cup have not been addressed in this
paper''”’. It should also be pointed out that predictions for
Alpharabola hip prosthesis in this study need to be valida-
ted by further experimental studies, in terms of wear and
friction test or the direct measurement of lubrication film.

5 Conclusion

A complete transient elastohydrodynamic lubrication
numerical analysis was performed for a hip prosthesis
with an aspherical acetabular cup under the dynamic load
and motion specified by ISO standard. Detailed numerical
method was presented. The effect of both squeeze film
action and aspherical bearing on lubrication performance
was investigated. It was found that both of these factors
can increase lubricant film thickness. It was predicted that
the Alpharabola hip prosthesis considered may be more
likely to operate in a full fluid film regime, compared with
spherical bearing surfaces. Moreover, it was also sug-
gested that the running-in wear may be awoided or re-
duced by employing the Alpharabola acetabular cup.
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