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Abstract: The endoprosthesis of hip joint has overall lifetime up to 20 years. After this period the
patient has to submit the revision operation. The main problem of the failure of endoprosthesis of
hip joint are debris that comes from direct contact of head and socket pad and so called dry
friction. The paper deals with effect of additional lubricant on the value of coefficient of friction in
endoprosthesis of hip joint. As the testing fluid was selected the replacement of synovial fluid:
solution of hyaluronic acid.
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1. Introduction

The endoprosthesis of hip joint is composed from 3 basic parts- stem with head and socket and
has overall lifetime 20 years. The lifetime is limited by debris that are caused by direct contact of
head and socket with absenting lubrication layer. The dry friction continuously reflects in mostly
polyethylene debris coming from the socket cup. These polyethylene debris are very harmful for
human body and causes infection and loosening of the endoprosthesis followed by the failure of
endoprosthesis (fig. 1).
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Fig.1 Failed components of endoprotheis

According to the [5] 55% cases of failure of primary total hip joint endoprosthesis are caused by
loosening of one of the components of the endoprosthesis. The amount of debris caused by dry
friction is 100 - 200 upm/year for endoprothetic pair ceramics/metal- polyethylene and the
polyethylene debris have irregular shape. In this article we would deal with the effect of lubrication
on coefficient of friction. The average coefficient of friction in endoprosthesis is 0,3 that is more
than 10 times higher as coefficient of friction in the healthy human joints (0,01 << 0,1 [2]).

2. Lubrication in hip joints

The fluid flow in endoprosthesis is described by Navier-Stokes equation that describes the
equilibrium between mass, pressure and viscose forces.

7



ISSN 1453 — 7303 “HIDRAULICA” (No. 3/2014)
Magazine of Hydraulics, Pneumatics, Tribology, Ecology, Sensorics, Mechatronics

v _ P
E+v.gradv——grad(UG +;+V.AV) (1)

The viscose forces are the basic benefit of fluid in the healthy hip joint gap and effects in
decrease of coefficient of friction. The lubrication fluid in hip joint is called the synovial fluid and
is captured in synovial membrane around the whole joint. The elementary component of
synovial fluid that is responsible for the excellent lubrication properties is hyaluronic acid. The
solution of hyaluronic acid is used also for viscosuplemantation- to add the absenting
lubrication layer in joint as the first solution of degenerative diseases. The solution of
hyaluronic acid would be used also in our experiment as testing lubrication fluid. Thy synovial
fluid behaves according to the shear rate as Newtonian or Non-Newtonian fluid.

The dynamic viscosity of synovial fluid is described:
lLl() B lLlw
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where u-- dynamic viscosity of synovial fluid for high shear rates, over 105 s-1;
uo- dynamic viscosity of synovial fluid for low shear rates;
X — shear rate ratio;
v1— circumferential component of synovial velocity;
h — high of the gap;
A,B — empiric coefficients, for healthy joints A= 1,88307, B= 0,00458 and for
pathological joints A= 0,03349, B= 0,00131.

The character of lubrication in human joint is changing during the motion. According to the
Dowson (2001) and Medley (2001) is lubrication determined by coefficient A that is derived
from following equation [3]:

h
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where hmin minimum thickness of synovial fluid;
Ra’ composite roughness of endoprothetic pair.

According to the (4), it is determined the character of lubrication:
0,1<A<1 critical lubrication,

1<A<3 mixed lubrication,

A>3 thin flow lubrication or hydrodynamic.

Critical lubrication means that the layer of fluid is so thin that there is a high risk of direct
contact of materials of joint. The thin layer lubrication is secured with minimum thickness of
lubrication layer 0,15 — 0,25 ym [3] and in this region we obtain the lowest value of coefficient
of friction as it is visible in fig.2.



ISSN 1453 — 7303 “HIDRAULICA” (No. 3/2014)
Magazine of Hydraulics, Pneumatics, Tribology, Ecology, Sensorics, Mechatronics

lubrication

: o
— .5

— 1 1) Mixed h—

= lubrication =

= =

S el ol

[¥] ~ —
R h =

S

o I) Boundary Ill) Hydrodynamic E

5 lubrication E

E i

=

L

Velocity x Viscosity

Load
Fig.2 Stribeck’s curve of lubrication on joints[1]

3. Description of experiment

The stand for testing of endoprosthesis and their properties was designed in the
laboratories of Institute of chemical and hydraulic machines and equipment of Faculty of
Mechanical Engineering of STU in Bratislava. The stand is designed according to the standards
ISO 142 42 for stand for testing of endoprosthesis of hip joint and secures the prescribed value of
vertical load as well as the horizontak displacement value. The force and motional system is
secured by hydraulic components from company FESTO Slovakia s.r.o. and demanded limits are
set by the sensors: load cell, displacement sensor and magnetic sensor of position on the valve.

Fig.3 The stand for testing of effect of lubrication

As it was noted in the beginning the purpose of the measurements is the verification of the
effect of lubrication in endoprosthesis of hip joint on coefficient of friction. The measurement is
done in 2 steps-phases.

1. Phase A - simplified model of endoprosthesis of hip joint, with added lubrication layer
2. Phase B - simplified model of endoprosthesis of hip joint, dry friction, no lubrication layer
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Fig.4 Position of strain gages on hip joint

To capture the data from measurement we have used the following sensors:

- one-axis strain gage 1-LY11-1.5/120, sensitivity0,1 %, produced by HBM;

- subminiature stainless steel compression load cell LC 302-1K, measuring range 457 kg, accuracy
1 0,5 % from range, produced by OMEGA,;

- inductive displacement transducer WA100, measuring range 0-100mm, produced by HBM;

- sensor of temperature ALMEMO 5690-2.

The evaluation of measured data was made with two softwares. Software CATMAN from company
HBM that help us to read the obtained data from QUANTUM MX 1615, and computational software
MATLAB for next evaluation of measured data.

Fig.5 Software for evaluation of measured data

The measurement properties from phases A and B are following:
Date of measurement: 17.6.-10.7. 2014

Place: STU SjF Bratislava,

Length of one cycle: 1,2s

The length of loading cycle: simulation of 2 days walk

Lubricant: solution of hyaluronic acid

4. Results
The results from the experiment are on the figures 6-9. From figures follows that addition of

lubrication layer causes decrease of coefficient of friction from maximum value captured in phase B
- dry friction 0,2062, to the value for phase A with added lubricant 0,0502.
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Faza A: endoprotéza bez Upravy s mazanim hyaluronanom

Vertikélne zatazenie [N]

“Koeficient trenia [-]

Dréha vetikaneho valca- flexia a extenzia chodze [mm]

Draha vertikalneho valca- flexia a extenzia chodze [mm]

Fig.6 Phase A, Horizontal loading and coeffiecient of fricton with respect to the time, Vertical and horizontal

loading with respect to time, endoprosthesis with added lubricant

Faza A: endoprotéza bez Upravy s mazanim hyaluronanom

Kosficert trerial]

Cas [s]

Fig.7 Phase A, Coefficient of friction, endoprosthesis with added lubricant

Féza B: endoprotéza bez pravy, bez pridaného mazaria

Fiza B endoprotéza bez pravy, ez pridainého mazaria
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Fig.8 Phase B, S Horizontal loading and coeffiecient of fricton with respect to the time, Vertical and
horizontal loading with respect to time, endoprosthesis with dry friction

Faza B: endoprotéza bez Upravy, pridavného mazania

Kosficiert treria[-]

Fig.9 Phase B, Coefficient of friction, endoprosthesis with dry friction
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5. Conclusions

The addition of lubricant into the endoprosthesis gap is significant step in decreasing of coefficient
friction and we could derive that could also positively effect the lifetime of endoprosthesis. This
results would continue to the lifetime tests of endoprosthesis with simulation of one year walking,
representing 1 million of cycles.
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Fig. 10 Resulting coefficient of friction
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