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Histological and unconfined compression assessments are often seen as gold 
standard characterizations for articular cartilage. However, they present major 
drawbacks in the context of animal and human studies where characterization of 
complete intact articular cartilage surfaces is required. In particular, they involve 
destructive processing of samples, do not represent the entire joint surface and 
require significant time to complete. The hand-held electromechanical device 
Arthro-BSTTM is non-destructive, rapid and characterizes the entire joint surface 
[1]. The purpose of the study was to investigate whether electromechanical 
properties correlated with histological and mechanical characterizations of 
osteochondral cores of human tibial plateau.  
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Human Tibial Plateau (n=6 donors; 12 joints) obtained from RTI Surgical (Alachua, FL, USA) 

Age (year old) 17 37 52 54 63 64 

Gender Male Male Male Male Male Female 

Knee joint Right & Left Right & Left Right & Left Right & Left Right & Left Right & Left 

Experimental Procedure 

Electromechanical Assessment 

Visual Assessment 

Core Extraction 

Mechanical Assessment 

Histological Assessment 

Samples 

 Articular surface attached into a testing chamber 
 Camera-registration system  

• Top view image of the surface  with 
superimposed position grid (Fig. 1) 

 ICRS Grading of lesions of the surface (Fig. 2) 
• Non-Lesional: ICRS Grade 0 
• Lesional: ICRS Grade > 0 

Fig.2: Top view of the 
surface with visual 

assessment 

 Electromechanical properties were obtained ex vivo 
using the Benchtop version of the Arthro-BST (Fig. 3)  

 1 measurement/position and 160 positions/surface 
 The devices calculates a quantitative parameter (QP) 

through its spherical indenter (radius = 3.2 mm) 
with an array of 37 microelectrodes  (5/mm2). 

 
QP: Corresponds to the number of microelectrodes in 

contact with the cartilage when the sum of their streaming 
potential reaches 100 mV.  

High QP indicates weak electromechanical properties  
Low QP indicates strong electromechanical properties  

ICRS Grade  
> 0 

Fig.1: Top view of the 
surface with position grid 

superposed 

 56 cores were harvested from non-lesional and lesional 
regions. Core locations were accurately identified relatively 
to the position grid used for Arthro-BST measurements. 
The average QP of each core was calculated using QPs 
measured within 6 mm from the core center location. 

 Thickness of each core was first measured under a 
calibrated microscope prior to mechanical testing. A 10% 
of thickness precompression followed by five stress 
relaxations of 2% of thickness was performed using the 
Mach-1 (Fig. 4) to obtain: the fibril modulus (Ef), the 
equilibrium modulus (Em) and the permeability (k) [2]. 

 Safranin-O/Fast Green stained sections were scored with 
the Mankin histological-histochemical grading system [3] 
by two blinded observer. 

 Measured electromechanical QP in human tibial plateau correlated significantly with mechanical 
parameters and with the histological Mankin score, similar to what was previously seen in human distal 
femurs [1].  
 

 A weak correlation was found between the electromechanical QP and the thickness of the cartilage on 
tibial plateau (no correlation has been observed on distal femurs [1]). This might be related to the fact that 
there is more variation in the thickness of the tibial plateau surface than distal femurs. 

 

 These results demonstrate the use of Arthro-BST on tibial plateau where a correlation between QP with 
mechanical parameters and histological Mankin score has been observed. Moreover, the non-destructive 
nature of the technique allows for subsequent analysis. 
 

 Future studies could examine the effect of age and gender on the electromechanical QP. 

Fig.5: A) Correlation between the electromechanical QP and fibril modulus Ef; B) Correlation between the electromechanical QP and permeability logk; C) Correlation between the 
electromechanical QP and matrix modulus Em; D) Correlation between the electromechanical QP and cartilage thickness. 

Fig.6: Representative Safranin O/Fast Green stained sections for 3 Mankin score and their corresponding electromechanical QP; Bars = 1 mm. 

Electromechanical QP vs. Histology 

 Strong correlation between electromechanical QP and Mankin score (r = 0.50, p = 0.0004) 

Electromechanical QP vs. Mechanical Parameters 

 Strong correlation between QP and Ef (r=−0.73, p<0.0001) 
 Strong correlation between QP and permeability log (k) (r=0.64, p<0.0001)  
 Weak correlations between QP and Em (r=−0.30, p=0.0186)  
 Weak correlations between QP and thickness of AC (r=0.42, p=0.0006)  

The electromechanical QP decreases with increasing Ef and Em whereas the electromechanical QP 
increases with  permeability and thickness. 

Safranin-O/Fast Green stained sections showed that GAG staining in the cartilage matrix and 
structural integrity decreased as the electromechanical QP increased. 

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 

potentials. 
 

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

degraded and there is a loss of proteoglycans, leading to 

abnormally low streaming potential. 

Fig.3: The Arthro-BST (Biomomentum) is an arthroscopic 
device that directly measures streaming potentials of 

cartilage during indentation. The Benchtop version of the 
Arthro-BST has a camera registration-system allowing for 
live-feed positioning of the tip on the cartilage surface. 

Fig.4: Unconfined compression of cores 
using the Mach-1 (Biomomentum) 


