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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 entrapped 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.Figure 3: Normal (A) & Osteoarthritic (B) cartilage
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Introduction
•Early Post-traumatic Osteoarthritis (PTOA) can be asymptomatic but represents a possible 
window of opportunity for therapeutic intervention before disease progression1.

•Impact models are ideal for studying these strategies because the location and severity of impact 
can be controlled 2-4.

•Streaming potentials generated during cartilage compression are a sensitive measure of 
degeneration5-7, which may be valuable in detecting early PTOA.

•An arthroscopic device, the Arthro-BSTTM (Fig. 1) permits non-destructive electromechanical 
measurements and computes a Streaming Potential Integral (SPI) that reflects cartilage function, 
structure and composition.

•A custom-built Impactor device, consisting of a spring loaded shaft and a sterilizable, 6.5 mm 
diameter plane-ended tip with rounded edges, was developed to facilitate the delivery of local 
impact stresses to the articular surface in both in vitro and in vivo studies8.

Hypothesis
Streaming potentials can detect changes in articular cartilage immediately following local impact, 
delivered using a custom-built Impactor device.

Mature Horse Medial Femoral Condyle
32 sites selected on the joint surface, consisting of 8 sites placed 

around each of 4 pins (Fig. 4A)

Materials & Methods

Pre-Impact Electromechanical Measurements
•Streaming potentials measured by lightly compressing the cartilage 
surface with the Arthro-BSTTM (Fig. 1), which calculates a quantitative 

parameter, the Streaming Potential Integral (SPI).
•SPI (mV*mm3) is a volume integral of all streaming potentials 

measured by the spherical indenter (r=3.05 mm) to a standardized 
depth of 150 µm of compression.

•Measurements performed by 2 independent users each making 3 
indentations at each position.

Impact Delivery with Custom-built Impactor Device
•Low (n=8) or high (n=8) impacts delivered by adjusting the 
amount of compression in the spring-loaded trigger (Fig. 2).

•A piezoelectric load cell, amplifier & associated instrumentation 
used to determine impact force.

Post-Impact Electromechanical Measurements 
Streaming potential measurements repeated

Unconfined Compression Testing
•3 mm diameter full thickness cartilage disks extracted from impacted (n=16) & non-impacted (n=16) sites.
•5 stress relaxation ramps, each 2% strain applied at 0.4%/s followed by load decay to 0.01 g/min using a 
Mach-1TM Micromechanical Tester.
•Fibril modulus (Ef), Matrix modulus (Em) & Permeability (k) were obtained with the Fibril-network-reinforced 
biphasic model9-10.

Safranin-O/Fast Green staining
Disks fixed in 10% NBF, paraffin embedded & sectioned at 10 µm

Statistical Analysis: SPI, pre- & post-impact, and biomechanical parameters at impacted vs. 
adjacent non-impacted sites were compared with Paired t-tests (Statistica v.8.0)

India Ink applied to the articular surface

Figure 1: Arthro-BSTTM 

Figure 2: Custom-built Impactor device

Conclusions
•Detrimental changes to both electromechanical (SPI) and biomechanical properties of articular 
cartilage were detected immediately following impact injury.

•The streaming potential method permits non-destructive assessment of cartilage function making 
sequential assessment of cartilage function over time possible, which would be valuable for in vivo 
models where initial focal damage could progress to involve more of the articular surface.

Results & Discussion
•Consistent impacts were successfully delivered with the custom-built Impactor device at two levels: 
low impact, 15.0 ± 1.4 MPa (n=6) and high impact, 41.3 ± 5.3 MPa (n=8).

•India ink revealed surface cracking and diffuse staining at high impact sites compared with faint or 
no staining at low impact sites (Fig. 4C).

•SPI decreased at all high impact sites (p<0.0001) and a nominal increase was observed due to 
low impact (p=0.002). Small increases in SPI may indicate alterations to the extracellular matrix but 
is unlikely to influence tissue function (Fig. 5).

•High impact caused a reduction in Ef (p=0.04), which reflects collagen network stiffness, an 
increase in k (p=0.03), but no change in Em (p=0.21), which reflects proteoglycan matrix stiffness. 
This suggests immediate damage to the collagen network but insufficient time for proteoglycan 
depletion to occur10 (Fig. 6). 

•Safranin-O/Fast Green staining reveals proteoglycan depletion at the cartilage disk edges of 
impacted samples. It is more pronounced in the high impact samples as the compromised collagen 
network has a reduced ability to restrain proteoglycans molecules during fixation (Fig. 7).

Figure 4: A) 32 positions virtually identified on 
the medial femoral condyle. B) Cartilage 
appearance prior to impact. C) India ink 
staining post-impact reveals visual differences in 
damage sustained by cartilage due to low (►) 
or high (►) impacts.

Figure 6: Biomechanical 
parameters from 

unconfined compression 
tests. *High impact 

significantly reduced Ef  
(p= 0.04) & k (p=0.03).

* *

Figure 7: Representative 
Safranin-O/Fast Green stained 

sections. Scale bar length is 1 mm.

Figure 5: SPI for impacted sites (AVG±SD, n=6). 
Post-impact measurements are normalized to 

pre-impact values.


