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Introduction 
• Degenerative joint diseases, like osteoarthritis, are characterized by progressive cartilage 

degeneration, which can lead to pain and loss of mobility1-2. 
 

• Low-grade cartilage deterioration occurs early in disease progression and may be treatable2. 
 

• However, current clinical assessment methodologies, including physical exam, synovial fluid analysis 

and imaging, may not be sensitive enough to detect early degenerative changes3-6. 
 

•Electroarthrography (EAG) is a new technology capable of measuring streaming potentials produced 

by cartilage during compression through electrodes applied to skin surrounding an articular joint7. 
 

• Streaming potentials arise from interactions among constituents of the cartilage extracellular matrix 

during load bearing and provide a sensitive measure of cartilage degeneration8-10. 
 

• Consequently, EAG may provide a sensitive, non-invasive method for detecting low-grade cartilage 

degeneration. Its response to trypsin degradation of cartilage was explored here in an equine model. 

Hypotheses 
•EAG can distinguish trypsin degraded cartilage from normal cartilage. 
 

•EAG, which assesses cartilage streaming potentials externally, corresponds to direct measurements 

of streaming potentials obtained during cartilage indentation. 

Materials & Methods 

1.Equine Fetlock Joint Explants (N=2)  
 

• Obtained from a 13 year old, 535 kg, 

Quarterhorse, and stored at 4°C until 

testing. 

2. EAG during Simulated Physiological Loading 
 

•Fetlock was mounted in a mechanical tester (Instron 8000). 
 

•10 gold-plated disk electrodes (10 mm diameter) attached to 

skin at 8 sites around the fetlock and at negative reference and  

ground sites (Fig. 4). 
 

•Sites identified by palpation and prepared by removing hair, 

lightly abrading skin and cleaning with alcohol. 
 

•Standing and walking loads12 were approximated with 

displacements of 15 mm and 25 mm, respectively. 
 

•Load sequences consisted of 6 cycles. During each cycle,  

displacement was applied at 5 mm/s, held for 5 s, and unloaded 

at 5 mm/s. 
 

•EAG signals were acquired at 800 Hz with a wireless data 

acquisition system (Clevemed Bioradio 150). 

4. Direct Assessments of Cartilage 
 

•Both fetlocks were disarticulated and cartilage 

appearance assessed with India ink. 
 

•Direct measurements of cartilage streaming potentials 

were made with the Arthro-BST device at 75 sites on the 

cannon (n=40) and phalanx (n=35) (Fig. 2).  
 

•Histological sections from cartilage biopsies were stained 

with Safranin-O/Fast Green to assess proteoglycan.  

Fig. 4: Left fetlock prepared for EAG. Electrodes CH 1 & 

CH 2 placed at the anterior interface between the 

cannon/phalanx. Electrodes placed at interfaces 

between the medial cannon/phalanx (CH 3), medial 

sesamoid/cannon (CH 4), lateral cannon/phalanx (CH 

5), and lateral sesamoid/cannon (CH 6). CH 7 & CH 8 

placed on the phalanx beneath the articulation. 

Negative reference & ground electrodes attached to the 

cannon bone away from the articulation. 

Fig. 5: EAG coefficients obtained during standing & walking on the same fetlock pre- and post-

degradation. Bars represent average ± standard deviation for load cycles 3 to 6. A one-way ANOVA & 

Tukey’s HSD revealed significant differences (p<0.05) at all electrode sites. 

Fig. 6: QP calculated from streaming potentials obtained with the 

Arthro-BST. Control QPs averaged 5.6±1.7 (cannon) & 7.6±2.0 

(phalanx), while degraded QPs averaged 6.8±2.4 (cannon) & 9.3± 3.2 

(phalanx). QP is inversely proportional to cartilage stiffness so that 

higher values represent cartilage degradation.  

Fig. 7: Safranin-O stained section 

from A) control and B) trypsin-

degraded cartilage. 

3. Trypsin Degradation & Repeat EAG 
 

•Left fetlock was treated with an intra-articular 

injection of 0.5% w/v trypsin in Tris buffer and 

incubation at 37°C for 3 hours. 
 

•EAG during standing and walking load sequences 

was repeated. 
 

•Right fetlock served as an untreated control. 

5. Data & Statistical Analyses 
  

•EAG coefficients (μV/kN): Describes the fit between EAG signals and applied load for each electrode. 

EAG coefficients from load cycles 3-6 were averaged.  
 

•Quantitative Parameter (QP, unitless): Calculated by the Arthro-BST and corresponds to the number of 

microelectrodes in contact with cartilage when the sum of streaming potentials reaches 100 mV. Three 

QP measurements for each site were averaged. 
 

•Statistical Analyses (Statistica 9.0): The effect of trypsin degradation on EAG coefficients and QP  

   measurements was assessed with a one-way ANOVA and paired t-tests, respectively. 

•EAG coefficients were significantly reduced (p<0.05) following trypsin degradation of cartilage during 

standing (1630±81 N) & walking (3082±134 N) loads. More dramatic reductions were observed during 

walking, 48%±6%, compared to standing, 27%±4%, at palmar sites (CH 1, CH 2, CH 7, CH 8) (Fig. 5). 
 

•Higher QP, indicating lower cartilage stiffness, were measured in degraded cartilage on both the 

cannon (p<10-4, n=40) & phalanx (p<10-5, n=35) (Fig. 6), which corroborates reductions in EAG. 
 

•Lower streaming potentials resulted from trypsin-induced proteoglycan depletion, observed as 

diminished Safranin-O staining (Fig. 7), and is in agreement with other investigators13. 
 

•India ink revealed wear lines and minor fibrillation in the degraded fetlock that could be considered 

representative of early osteoarthritic changes. 
 

•These macroscopic features were not present in the control fetlock and were not visible without the 

contrast provided by India Ink. 
 

•Both streaming potential-based methods, EAG and Arthro-BST, detected cartilage degradation 

produced by trypsin. Streaming potentials correlate to cartilage load bearing properties and are more 

  sensitive to cartilage changes than purely biomechanical measurements10. 

Conclusions 

Results & Discussion 

•Both indirect and direct measurements of cartilage streaming potentials, by EAG and the Arthro-BST, 

respectively, detected cartilage damage that was not visible to the unaided eye.  
 

•These data demonstrate the potential for EAG to provide a sensitive, non-invasive diagnostic of 

cartilage health that could contribute to the early detection and treatment of osteoarthritis and other 

degenerative joint diseases. 
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Fig. 2: 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       

(5 microelectrodes/mm2).  

Fig. 1: Equine fetlock joint11 
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What are Streaming Potentials? •During cartilage compression, positive mobile  

ions in the interstitial fluid are displaced relative to 

the fixed negatively-charged proteoglycan 

molecules, which are immobilized in the collagen 

network (Fig. 3A). 
 

•In osteoarthritic cartilage (Fig. 3B), the collagen 

network is degraded and there is a loss of 

proteoglycans, leading to abnormal streaming 

potentials. Fig. 3: Normal (A) & osteoarthritic (B) cartilage 
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