
International Journal of Advances in Mechanical and Civil Engineering, ISSN: 2394-2827 Volume-2, Issue-2, April-2015 

The Effect of Lubricant on Biotribological Behaviors of Sheep Hip Joints 
 

27 

THE EFFECT OF LUBRICANT ON BIOTRIBOLOGICAL BEHAVIORS 
OF SHEEP HIP JOINT 

 
1AHMET C. CILINGIR, 2IBRAHIM CINAR 

 
1,2Mechanical Engineering Department, Sakarya University, Sakarya, Turkey 

E-mail: 1cilingir@sakarya.edu.tr, 2ibrahim.cinar@windowslive.com 
 
 
Abstract- To evaluate degenerative joint diseases and to develop new treatment techniques, it is important to understand the 
biotribological properties of articular cartilage. The objectives of this study were to evaluate the friction and wear of articular 
cartilage of sheep hip joint with and without a lubricant. For this purpose adult sheep hip joints were cut and attached to a 
self-made joint simulator, which was used to apply a physiologic load and range of motion to the hip joint. The friction 
coefficient was read from the force/torque sensor on the simulator and the wear of the articular cartilage investigated 
virtually by using Idian ink. The friction coefficient and wear of articular cartilage were significantly reduced by using 
bovine serum as lubricant. The articular cartilage was entirely worn on contact area with absence of lubricant. Bovine serum 
was considered as an effective fluid film lubricant for articular cartilage surfaces. 
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I. INTRODUCTION 
 
Synovial joints are self-acting and dynamic load-
bearing structures with a porous and elastic articular 
cartilage and a non-Newtonian synovial fluid as 
lubricant. Articular cartilage is a biphasic material 
which has two different phases: an extracellular 
matrix (ECM) and an interstitial fluid. The ECM 
consists of collagen fibrils, proteoglycans and very 
few cells in its matrix. As a lubricant, synovial fluid 
reduces the friction and the wear of the cartilage 
surfaces. Therefore, articular cartilage has excellent 
load-bearing capacity and provides extremely low 
friction and low wear even in hip and knee joints 
which are loaded severely in daily activities. 
Understanding of the biotribological function of 
articular cartilage, therefore, is important to evaluate 
cartilage disease processes and develop new 
treatment techniques, and possibly to increase the 
effectiveness and survival rate of artificial implants. 
 
The low friction and wear of synovial joints can be 
explained by several mechanisms for joint lubrication 
such as weeping lubrication, boosted lubrication, and 
biphasic lubrication. In weeping lubrication, the 
required lubricant is provided by the exudation of 
fluid in the loaded area. The fluid within the articular 
cartilage moves to contact surface and a fluid film 
occurs between the contact surfaces. In boosted 
lubrication, the water within the synovial fluid is 
filtrated through the articular cartilage because of its 
porous structure which allows the water and other 
solutes to enter through the surface. Hyaluronic gel 
within the synovial fluid cannot enter through the 
tissue because of the small pores in the articular 
cartilage and acts as a boundary lubricant. The 
biphasic self-generating lubrication for articular 
cartilage consists of solid phase and fluid phase. 
When the tissue is loaded, interstitial fluid cannot 
flow well in the biphasic matrix due to the low 
permeability of articular cartilage. The pressurization 

of interstitial fluid increases under the contact zone 
then the interstitial fluid pressure supports the most of 
the joint load. 
 
Various investigations were carried out to explain the 
lubrication mechanism of articular cartilage by 
measuring the friction coefficient from animal 
models. They found that sliding velocity, loading 
conditions, and the type of lubricant affect the friction 
coefficient. Among all these factors, the absence of 
lubricants has utmost effect on low friction of 
articular cartilage.  
 
The aim of this study is to determine the effects of 
lubricants on friction and wear of articular cartilage 
on articulating surfaces of sheep hip joint in no 
lubricant (NL) and bovine serum (BS) medium by 
using self-made joint wear and friction simulator. 
 
II. MATERIALS AND METHODS 
 
Healthy adult sheep (6-12 months old) hip joints were 
obtained from the market 24 h after slaughter and 
frozen at −18 °C until testing; previous studies 
concluded that the mechanical properties, the friction 
coefficient of the cartilage was not effected by 
freezing. Before the test, sheep hip joint were defrost 
in phosphate buffered saline (PBS) to preserve 
lubrication properties, at 4 °C for 24 hours. 
 
Purposely designed molds were used to hold hip 
joints during tests (Fig. 1a,b). A self-made friction 
and wear simulator was used for tests as shown in 
Fig. 1c. The hip joint was placed in the simulator so 
that the contact area stayed within in a bath with or 
without a lubricant (Fig.1b).  
 
Two lubrication conditions were tested in this study 
to understand the effect of the lubricant on 
tribological properties of articular cartilage of hip 
joint: no-lubrication (NL) and bovine serum (BS). 
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Figure 1:  a) Hip joint was held in molds, b) placed in bovine 

serum bath, and c) attached to the wear simulator. 
 
Femur head was mounted in simulator with rotational 
movement at an angle of 23° to the horizontal plane 
and rotated about a vertical axis at a frequency of 1 
Hz achieving ±23° for flexion-extension (FE), ±23° 
for abduction-adduction (AD) and ±5° for internal-
external rotation (IE). A single axis Paul type loading 
pattern with a maximum load peak of 500 N was 
applied through the vertical axis of the simulator up 
to 20 000 cycles. 
 
The effective radius (re) for internal-external rotation 
was then measured from the contact area of the hip 
joint after test to calculate the coefficient of friction 
(µ). In all experimental configurations, the frictional 
torque between articulating surfaces was transmitted 
to the force/torque sensor. The sensor data were 
processed via PLC unit of the simulator and recorded 
on a PC. Coefficients of friction (µ) for hip joint were 
then calculated as µ=Tf/(P.re), where Tf is frictional 
tork, P is applied load, and re is effective radius. 
 
III. RESULTS AND DISCUSSION 
 
The friction coefficient for each test configurations 
was transferred to computer at 0.1 s intervals, 
however, the number of data was reduced to clarify 
the figures as shown on Fig. 2. The friction 
coefficient was determined as 0.05 under bovine 
serum medium in agreement with the results of 
Northwood et al (2007) and Schmidt et al (2007) 
which determined the frictional coefficient of 
articular cartilage ranging from 0.03 to 0.05 in 
synovial fluid after 20 000 cycles. The value of 
friction coefficient for no lubricant condition after 20 
000 cycles has exceeded 0.2 which was 4 fold higher 
than the friction coefficient under bovine serum 
lubrication. The reason of this difference of 
coefficients of friction between no lubrication and 
bovine serum lubrication conditions was that the lack 
of lubrication increased the heat and caused water lost 
on contact surfaces which leads to increase friction 
coefficient. 

 
Figure 2:The friction coefficient of sheep hip joint with and 

without lubrication 
 

In order to evaluate the effect of lubrication on 
biotribological behavior of sheep hip joint, not only 
the coefficient of friction was determined but also the 
wear on contact surfaces was investigated in this 
study. Contact surfaces of the hip joint were virtually 
investigated after simulator tests. Although the India 
ink was removed on the contact surface of the hip 
joint under bovine serum lubrication, there was no 
significant wear observed on the articular cartilage 
(Fig. 3a). However, for the absence of lubricant, the 
articular cartilage was entirely worn around the center 
of the contact area (Fig. 3b). Previousstudies of 
Simon (1971) and Lipshitz et al. (1975)  have shown 
that synovial fluid lubrication can drastically reduce 
the wear of articular cartilage. Schmidt et al. (2007) 
concluded that the synovial fluid provided lower 
friction levels in a cartilage-on-cartilage model. 

 

 
Figure 3: Wear on hip joint a) under bovine serum lubrication 
and b) without a lubricant (after 20 000 cycles at 500 N load). 
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CONCLUSION 
 
This study shows the effect of lubrication on 
biotribological behavior of the hip joint. The friction 
coefficient increases under no lubrication conditions.  
 
There was no significant damage observed on 
articular cartilage during test in bovine serum, while 
it was completely worn during sliding test 
configuration with no lubricant. Therefore, the lack of 
lubricant causes surface fibrillation, cartilage wear 
and degradation of the cartilage. 
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