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Results Objectives 

Conclusions 

Methods 

The primary objective of this study was to examine the age-dependence in the 
distribution pattern of electromechanical properties of ovine articular cartilage. 
Articular cartilage is thicker and more cellular in younger specimens than in 
adult tissue. Therefore, mature cartilage is characterized by a depth-dependent 
structure and composition of the extracellular matrix. 
 

We used a hand-held medical device (Arthro-BSTTM, Biomomentum, Laval)  
designed to be used during arthroscopy to measure compression-induced 
streaming potentials of articular cartilage. Previous studies have already 
demonstrated the reproducibility and user independence of the Arthro-BST and 
the relation between the quantitative parameter and the electromechanical 
properties of cartilage in human cartilage [1] and ovine cartilage [2]. 
 

What are Streaming Potentials?  

Compression of normal (A) and degenerated (B) articular cartilage. 

▪ During compression, positive mobile ions in the interstitial fluid are 

displaced relative to the fixed negatively charged proteoglycan 

molecules, which are entrapped in the collagen network (Fig. A) 

creating normal streaming potential. 

 ▪ In degenerated cartilage (Fig. B), the collagen network is degraded 

and there is a loss of proteoglycans. Compression leads to abnormally 

low streaming potential. 

Samples 

Distinguishing articular cartilage aging versus disease and assessment of the quality of 
cartilage repair requires detailed knowledge of spatial variations of electromechanical 

properties, as this information can provide important diagnostic and structure-
function relationships. 

• The Arthro-BSTTM  has revealed marked age-dependence in the electromechanical properties of 
articular cartilage while there is  only a slight increase in size with age on certain articular surfaces. 
 

• The distributions of the electromechanical properties over the joint are more uniform in the lamb 
than in the sheep. 
 

• The Arthro-BSTTM could be a good tool to study the evolution of weight-bearing in animals and 
results could be used to refine or validate  finite element models. 

 

• Ovine immature (less than 1 year of age)  
     and mature (aged 4-5 years) stifle joints 
• All articular surfaces were obtained from closed joints  
• Animals with no indications of joint pathology 
• Visually normal tibial plateau, femoral condyles,  
     trochlea, and patella 

Instrumentation 

• Electromechanical properties measured in vitro using  
      the Arthro-BSTTM 
• Device sensor: 37 microelectrodes distributed over a  
      3.2mm radius semi-spherical indenter  
• Streaming potentials are recorded by each microelectrode when the indenter is 

manually compressed against the articular cartilage surface. The quantitative parameter 
(QP)  corresponds to the number of microelectrodes in contact with the cartilage (contact 
area) when the sum of their streaming potential reaches 100 mV. 

• High QP means that cartilage has weak electromechanical properties (stiffness) 
• Low QP means that cartilage has strong electromechanical properties (stiffness) 

Mapping 

• High resolution QP maps (6 points/cm2) were obtained using a camera-based  
     positioning setup on each individual articular surface 
• Average mapping for each articular surface of lamb and sheep are presented in  
     Arthro-BST maps 
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Arthro-BST maps 

Comparison of the QP between immature and 
mature articular surfaces 

 

One-way ANOVA showed a significant difference in the 
QP value of articular surfaces between animals of 

different age (p < 0.0001). Higher QP values are present 
on articular surfaces of the sheep. 

Comparison of the standard deviation of QP 
between immature and mature articular surfaces 

 

A hypothesis test for the difference between two 
population standard deviations was done with an F-Test 

showing a significant difference in the standard 
deviation of the articular surfaces of the lamb (lower 

standard deviations for each articular surface) compared 
to the sheep ( p < 0.0001 for the femoral condyles, 
patella trochlea and p < 0.01 for the tibial plateau).   

Articular surfaces 

 

Lamb/Sheep 
Area ratio 

 

p value 
(unpaired t-test) 

Femoral Condyles 105% 0.75 

Tibial Plateau 88% 0.12 

Trochlea 72% 0.09 

Patella 74% 0.25 

The distribution pattern of electromechanical 
properties on mature articular surfaces had large 

spatial variation while it was more homogenous on 
immature surfaces. 

Comparison of the dimensions between immature 
and mature articular surfaces 

 

Overall, a paired t-test showed no significant difference 
in size with age (p > 0.05 ). Except for the trochlea and 
patella, being slightly smaller in immature than mature 

animals, 72% and 74% respectively. 


