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SUMMARY 

Articular cartilage has remarkable biomechanical 
properties that permit transmitting loads, attenuating 
dynamic stresses and almost frictionless movements 
without causing joint pain [1]. Its surface stands for 
various compressive, shearing and wearing stresses. 
Disruption of the surface occurs during accidents 
and physical activities. It consequently leads to the 
development of osteoarthritis.  

In this study, the internal microstructure and 
mechanical function of normal cartilage and the 
cartilage with the surface disruption have been 
examined. The chondrocyte shape and mechanical 
properties of articular cartilage have been found to 
be altered due to the disruption of the surface.  

INTRODUCTION 

Osteoarthritis (OA) is one of the most common 
types of arthritis. It results from the degeneration 
and functional break down of articular cartilage 
(AC). AC is a smooth, avasular, alymphatic, aneural 
tissue found at the end of bones in synovial joints 
[2]. It has remarkable biomechanical properties that 
permit the transmission of loads, attenuation of 
dynamic stresses and almost frictionless movements 
without causing joint pain [1]. 

AC demonstrates typical stress relaxation behaviour 
[3]. When it is exposed to an instant displacement, 
the tissue responds with almost immediately peak 
stresses, which will gradually decay and eased when 
the compressive stresses developed in AC are high 
enough to balance the stresses caused by the 
displacement. However, the peak stresses are 
influenced by the displacement speed when the 
displacement is initially applied to the AC (namely 
ramp velocity in this study).  

The most superficial zone is particularly important 
the tensile, wear and shearing resistance of AC. The 
layer also participates in forming the loading 
capacity of the tissue. While in clinics a lesion on 
articular surface is synonymous to early 
osteoarthritis (OA) [4, 5], the relation of the lesion 
to the microstructure and mechanical function of the 

cartilage has not been fully understood and required 
further investigation. Some researchers have 
suggested that degeneration of the subchondral bone 
started earlier than the degeneration of AC during 
OA [5]. 

Therefore, studying the role of the surface on the 
microstructure and mechanical properties of AC 
will offer a better understanding of the degenerative 
processes of AC and pathogenesis of OA. 

METHODS 

A portion of the surface of the central weight 
bearing region of a bovine femoral condyle was 
gently abraded once using P800 grit abrasive paper 
(average particle size of Ø21.8µm). Cylindrical 
specimens of approximately Ø3 x 3mm3 were 
punched out from the normal and disrupted regions, 
and attached to the subchondral bone. 

The specimens were then stained by 0.03g/L 
Acriflavine solution for 3 minutes to acquire the 
image stack of the chondrocytes using a fibre optic 
confocal microscope (Optiscan Pty Ltd, Melbourne, 
Australia). An Olympus 60X/NA 1.4 oil immersion 
lens was used for the imaging. A 488nm laser was 
used as the illumination. 

After the imaging, unconfined indentation tests 
were conducted to study the stress relaxation 
behaviour of the AC using a Ø1.5mm flat 
indentation pin within a custom designed test rig. 
The test rig is composed of a Thorlabs micrometer, 
a load cell, a linear variable differential transformer 
(LVDT) and a servo motor. The micrometer was 
used to displace to the cartilage at a desired speed 
(namely ramp velocity in this study) via a servo 
motor programmed utilizing Visual Basic. The load 
cell and LVDT were used to acquire the stress and 
displacement response of the cartilage respectively. 

RESULTS AND DISCUSSION 

In general, disrupting the surface of articular 
cartilage led to swelling of the chondrocytes in the 
superficial zone, as shown in Figure 1. Some of the 
chondrocytes in the cartilage had irregular cell 
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membranes (arrows in Figure 1B). These could be 
the results of the osmotic pressure change in the 
cartilage due to the disruption of the cartilage 
surface. 

There were no clear boundaries between the nuclei 
and chondrocytes in the cartilage with surface 
disruption (Figure 1B). In comparison, the nuclei in 
the normal cartilage could be observed well from 
the chondrocytes. Again, this could be caused by 
the osmotic pressure change of the cartilage, which 
led to break the membrane of the nuclei. The 
disruption of the articular surface also led to change 
the chondrocyte density in the cartilage. Clearly, the 
number of chondrocyte in the damaged cartilage 
was smaller than that of the normal cartilage. This 
indicated the physical swelling of the cartilage after 
disrupting the cartilage surface. As a result of it, the 
distance between the chondrocytes became bigger at 
a same filed of the view. 

  
Figure1. Confocal images of the chondrocytes in the 
superficial zone of normal cartilage (A) and the cartilage with 
the surface disruption (B). The field of view is 133µm2. 

Strain rate in this study is defined as the strain of 
the cartilage divided by ramp velocity (the loading 
speed). As shown in Figure 2, at a given strain rate, 
the cartilage with surface disruption withstood for a 
lower compressive force. This was because the 
disruption of the cartilage surface increased the 
permeability of the cartilage, and destroyed the 3D 
collagen network that constrains the swelling 
pressure of the hydraulic proteoglycans. Thus, the 
cartilage became softer than normal. Also, the 
release of proteoglycans from the cartilage after 
disrupting the surface is another fact attributed to 
the softening of the cartilage. 

 

 

CONCLUSIONS 

The surface plays a role in maintaining the 
microstructural and physical integrity of articular 
cartilage. The study leads to understanding the early 
event of osteoarthritis due to the disruption of AC. 
It may lead to develop a system integral 
microstructural and mechanical assessment for 
detecting early osteoarthritis. 

 
 
Figure 2. At a given strain rate, normal cartialge withstands 
higher compressive forces.  
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