
Correlation of Non-destructive Electromechanical Probe (Arthro-BST) Assessment with 
Histological Scores, Biochemical Composition and Mechanical Properties in Human Knee Joints 

What are Streaming Potentials?  

Fig. 1: 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. 1A) 

creating normal streaming 

potentials. 
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Histological scoring, biochemical analyses and biomechanical testing (unconfined compression) are often seen as gold standard 
characterizations for articular cartilage but can present major drawbacks in the context of animal and human studies. In particular, 
histology, biochemical and mechanical testing involve destructive processing of samples, do not represent the entire joint surface and 
require significant time to complete.  The objective of this study was to correlate measurements obtained with a hand-held 
electromechanical device (Arthro-BSTTM) that maps electromechanical properties of cartilage across an entire surface non-destructively, 
to histological, biochemical and biomechanical properties of cartilage.  

Introduction 

Methods Results 

 Complete articular surfaces from 8 distal femurs 
(obtained from RTI Surgical, FL) see Table 1 for 
information on donors 

 Attached into a testing chamber equipped with a 
camera-registration system (~1 mm registration 
resolution) 

 Macroscopic visual assessment 

Age Gender Side 

35 F R 

36 F R  

36 F L 

37 M L 

39 M R 

39 M L 

43 M R 

43 M L 
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 The measured electromechanical quantitative parameter (QP) correlated strongly with Mankin score, PLM score and unconfined compression 
mechanical parameters while weaker correlations were observed with water content  and the GAG content per dry or wet weight.  
 

 In the interpretation of our data, it is also important to keep in mind that about 90% of the area of the articular surfaces (82% of the cores) was non-
lesional. The inclusion of more degenerated articular surfaces in the study could have strengthened the observed correlations. 
 

 Considering the fact that the non-destructive mapping of an entire distal femur with a high resolution takes about 30 minutes, we believe that the 
Arthro-BST can provide a rapid and reliable tool for cartilage assessment where spatially resolved measurements over the entire surface are desired. 
 

 

• The histological slides appeared normal for Mankin scores between 0 and 2 
(Fig. 5A). 

• Decreased Safranin O staining and structural alterations were apparent in the 
superficial zone for Mankin scores between 3 to 5 (Fig. 5B).  

• Clefts and reduced Safranin O staining for Mankin scores between 6 and 14 
(Fig. 5C). 
 

• Similarly, cores assessed by the PLM collagen structure score scale 0 (entirely 
disorganized) to 5 (normal) were divided into two groups:  

• PLM score 3-5 (Fig. 5D) samples are stratified into 3 zones (superficial, 
transition, radial) as in normal articular surfaces  

• PLM score 0-2 samples (Fig. 5E) do not have the 3 zones present. 

Fig. 5. (A, B, C) Representative Safranin O/Fast Green stained sections for three 
groups of the Mankin score; (D, E) Representative Polarization Light Microscopy 
(PLM) slides for two groupings of the PLM score. 

Fig. 6. Correlation between electromechanical QP and biomechanical parameters. 

• Results from unconfined compression tests revealed that higher QP values were correlated strongly with decreasing Ef (r=-0.76, 
p<0.0001, Fig. 6A) and Em (r=-0.69, p<0.0001, Fig. 6B), and increasing permeability (log (k)) (r=0.72, p<0.0001, Fig. 6C).  

Fig. 7. Correlation between electromechanical QP and biochemical parameters. 

• There is a weak correlation of the electromechanical QP with increasing water content (r=0.39, p=0.006, Fig. 7A) and with decreasing 
GAG content (chondroitin sulfate) per wet weight (r=-0.50, p=0.0003, Fig. 7B) while no correlation was observed with the collagen 
content (Fig. 7C) nor the number of cells (Fig. 7D). 

Significance The electromechanical properties of articular cartilage are representative of its biochemical composition, 
structure and stiffness. Since obtaining histological, biochemical and biomechanical properties requires destructive 

processing of the samples, non-destructive electromechanical properties of complete and intact articular surfaces could 
be used as a biomarker for the diagnosis and the evaluation of treatments of articular cartilage degeneration. 

Table 1: Information on donors 
1. Human Distals Femurs  

 Cores  (N=163) were harvested from 
normal and lesional regions of the distal 
femur. 

 The in situ Arthro-BST’s QP corresponding 
to each core was calculated by averaging 
all QP values within 6 mm of the core 
center. 

Fig. 4: A cored distal femur overlaid with a 
position grid using the camera-registration 

system. 

 110 of the cores were scored with the 
Mankin histological-histochemical grading 
system2. 

 68 of the cores were analyzed with the 
polarized light microscopy (PLM) 
qualitative score3. 

 53 of the cores passed through 
biochemical assays4. 

 51 of the cores were tested in unconfined 
compression5 (cartilage attached to bone) 
prior to histoprocessing . 

3. Histological, Biochemical and Mechanical Assessment of Osteochondral Cores  

Fig. 3: An osteochondral core 

• Using linear regression and a one-way analysis of variance (ANOVA) a positive 
correlation was found between electromechanical QP and Mankin score 
(R2=0.55, p < 0.001), while a negative correlation was observed between QP 
and PLM score (R2=0.50, p < 0.001), both as expected. 

 The Arthro-BST is an arthroscopic device 
that directly measures cartilage streaming 
potentials by compressing cartilage with a 
spherical indenter containing an array of 37 
gold microelectrodes (r=3.175 mm, 5 
microelectrodes/mm2).  

 Electromechanical properties were first 
mapped manually ex vivo (~6 
measurements per cm2, 1 measurement 
per site, ~30 minutes per joint) using the 
Arthro-BST1 . 

Fig. 2: The Arthro-BST and its 
indenter geometry.  

2. Electromechanical Assessment of Distal Femurs  

 Quantitative Parameter (QP): Measured by the Arthro-BST and corresponds to 
the number of microelectrodes in contact with cartilage when the sum of 
streaming potentials reaches 100 mV. High QP indicates weak electromechanical 
properties and poor load-bearing capacity and while low QP indicates strong 
electromechanical properties and high load-bearing capacity. 

 ▪ In degenerated cartilage (Fig. 1B), the collagen network is degraded and there 

is a loss of proteoglycans, leading to abnormally low streaming potential. 


