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Streaming potentials maps are spatially resolved indicators of
amplitude, frequency and ionic strength dependant responses of
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Abstract

Streaming potential distributions were measured on the surface of articular cartilage in uniaxial unconfined compression using a

linear array of microelectrodes. Potential profiles were obtained for sinusoidal and ramp/stress-relaxation displacements and
exhibited dependencies on radial position, sinusoidal amplitude and frequency, time during stress relaxation, and on ionic strength.
The measurements agreed with trends predicted by biphasic and related models. In particular, the absolute potential amplitude was

maximal at the disk center, as was the predicted fluid pressure and the potential gradient (the electric field) was seen to be maximal at
the disk periphery, as was the predicted fluid velocity. We also observed a similarity between non-linear behavior of streaming
potential amplitude and load amplitude with respect to sinusoidal displacement amplitude. Taken together, these results support

many of the phenomena concerning relative fluid–solid movement and fluid pressurization predicted by biphasic and related models,
and they indicate the general utility of spatially resolved measurements of streaming potentials for the investigation of
electromechanical phenomena in tissues. For example, these streaming potential maps could be used to non-destructively diagnose

cartilage extracellular matrix composition and function, as well as to quantify spatially and temporally varying physical signals in
cartilage that can induce cellular and extracellular biological responses to load. r 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Articular cartilage extracellular matrix is primarily
composed of fixed negatively charged proteoglycan
(aggrecan) entrapped in a collagen network; both of
these constituents are hydrated with water containing
mobile ions. The collagen network presents a strong
resistance to extension and shear (Roth and Mow, 1980;
Setton et al., 1995), while the entrapped proteoglycan
effectively resists to shear (Jin and Grodzinsky, 2001)
and compression. The latter is due to a high swelling
pressure originating from electrostatic repulsion be-
tween adjacent glycosaminoglycan (GAG) side chains

(Buschmann and Grodzinsky, 1995) and a very fine pore
size creating a low hydraulic permeability (Mansour and
Mow, 1976) and thereby generation of high interstitial
fluid pressures during loading. Another consequence of
fluid displacement with respect to solid in the interstium
of loaded articular cartilage is the creation of electric
fields called streaming potentials. These electric poten-
tials due to relative fluid–solid motion are present since
proteoglycans bear a high density of ionized negative
charge groups and the fluid has a net positive charge as a
result of Donnan equilibrium. Given the importance of
fluid–solid interactions in determining the response of
cartilage to load, the mechanical behavior of cartilage is
often studied from the point of view of biphasic or
poroelastic models (Mow et al., 1990; Kim et al., 1995;
Suh, 1996; Ateshian et al., 1997; Donzelli and Spilker,
1998) where constitutive behavior of the solid and fluid
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phases as well as their viscous interaction are consid-
ered. Recently, these models have also been extended to
account for a solid phase which has both fibrillar and
non-fibrillar constituents (Soulhat et al., 1999; Li et al.,
1999) and which therefore presents different properties
in tension vs. compression (Bursac et al, 1997; Cohen
et al., 1998).
Streaming potentials in cartilage have been measured

previously using two electrodes in permeation experi-
ments (Maroudas et al., 1969), in confined compression
(Lee et al., 1981; Frank et al., 1987; Buschmann et al.,
1992; Chen et al., 1997) and in unconfined compression
(Kim et al., 1995). In articular cartilage, the presence of
ionized negative charges on the GAG chains of aggrecan
creates a net positive cloud of mobile ions in the fluid
phase surrounding the molecule (Fig. 1a). With no
applied load, or at equilibrium, a symmetric arrange-
ment of mobile ions results in the absence of any
macroscopic (averaged over several molecules) electric
field (Fig. 1b left). When the tissue is deformed,
interstitial fluid flow drags mobile ions and displaces
them relative to the solid phase containing the fixed

charges, thus generating a macroscopic and measurable
electric field (Fig. 1b right). Given the molecular
origin of these electric fields or streaming potentials,
their detailed measurement can provide much informa-
tion concerning cartilage composition (proteoglycan
content, collagen network stiffness) and the way in
which fluid and solid move under a given loading
situation.
The primary hypothesis of the current study was that

spatially resolved maps of streaming potentials would
depend on amplitude, frequency and speed of compres-
sion as well as bath ionic strength in a manner that is
compatible with spatial variations of load-induced
intratissue physical phenomena. These spatial maps
would provide two-dimensional resolution of streaming
potentials using arrays of microelectrodes and thereby
afford a more detailed description of load-induced
interstitial phenomena than that of previous work. The
current studies therefore lay the groundwork on which
spatially and temporally resolved streaming potentials
can be used to develop non-destructive methods of
diagnosing cartilage structure and function (L!egar!e et al.
2001) as well as to investigate the relationship between
load and consequent biological responses. In the latter
case, spatially varying biological responses (Sah et al.,
1991; Kim et al., 1995; Buschmann et al., 1999) can be
related to spatially varying physical signals such as
potential, pressure and flow to elucidate causal relation-
ships. Another objective of the current study was to
compare our measurements to predictions of biphasic
and related models (poroelastic, triphasic). This is of
particular value since the extent of model validation in
the past has been restricted to experimental measure-
ments of a macroscopic displacement to a total load
integrated across the displaced surface and sometimes
an electrical potential measured between two points.
Here, the main hypothesis tested was that streaming
potential profiles follow profiles predicted for fluid
pressure using biphasic models. To test these hypoth-
eses, we constructed linear arrays of microelectrodes
incorporated into the base of a testing chamber and
applied ramp/stress-relaxation and sinusoidal displace-
ments to obtain the resulting load and the spatially
resolved streaming potentials.

2. Materials and methods

2.1. Microelectrode array, testing chamber and data
acquisition system

A linear array of microelectrodes was incorporated
into the base of a testing chamber for uniaxial
unconfined compression. The microelectrode array was
fabricated (Fig. 2a) by weaving 50 mm diameter plati-
num/iridium (80%/20%) wires (#100168, California

Fig. 1. Molecular origin of streaming potentials. (a) The proteoglycan

aggrecan is entrapped within the cartilage collagen network and

contains a large number of ionized fixed negative charges on GAG side

chains. Net charge neutrality creates a cloud of oppositely charged

mobile ions surrounding the fixed GAG charges. (b) Under conditions

of no external load, mobile ions are symmetrically distributed such

that no macroscopic electric field exists (left). When load is applied,

interstitial fluid flow drags mobile ions (net positive) relative to fixed

charge (net negative), thus creating a detectable macroscopic electric

field. The spatial distribution of this electric field depends on

proteoglycan content, collagen integrity and external loading condi-

tions.
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Fine Wire Company, Grover Beach) through a nylon
mesh (#3-85/34, Thompson, Montreal) to generate a
regular 300 mm inter-electrode spacing for 8 electrodes
(Fig. 2b) spanning a total distance of 2.1mm (Witkows-
ki et al., 1993). Copper wires (#CZ-1174, Cooner Wire,
Chatsworth) were soldered to the platinum wires and
then bundled to a connector. The mesh containing
electrodes was embedded in an epoxy cylinder that was
glued into the base of a Delrins (DuPont) testing
chamber and the surface machined and polished to
expose the electrode array (Fig. 3). Output electrical
signals consisting of the differential potentials (7 in
total) between adjacent electrodes (8 in total) (Fig. 3b)
were conditioned by a circuit containing for each
electrode a high input impedance (1GO at 1Hz) voltage
follower (#TLC2262CP, Texas Instruments) followed
(for each channel i.e. differential potential) by a first-
order high-pass filter at 0.05Hz and first-order low-pass
filter at 200Hz and amplifiers for a total gain of 1000,
before being acquired by a data acquisition card in a PC
(AT-MIO-16X, National Instruments, Austin). The
high-pass filter was used to remove the DC offset from
the electrodes (hundred of millivolts) thus allowing
larger amplification of the signal (� 1000) without
saturation of the analog to digital converter. This
amplification gave better resolution and increased the

signal-to-noise ratio. The cut-off frequency of 0.05Hz
was imposed since the amplifier board used was initially
designed for ECG measurement. The chamber was
mounted in a micromechanical-testing device (Mach1t,
Bio Syntech Canada Inc., Montreal) equipped with a
high-resolution actuator (0.025 mm resolution) and
precision load cell (0.01 g resolution). Finally, a driven
electrode circuit used previously for in vivo potential
measurements (Godin et al., 1991) was added to
reduce the common mode voltage originating from
the bath (i.e. to reduce noise from a misbalance in
electrodes impedance). Electrodes were also plated with
platinum black to reduce the contact impedance for the
following reasons: (1) to ensure that it is lower than
the input impedance of the follower and (2) to reduce
the pick-up of 60Hz noise (Godin et al., 1991;
Huhta and Webster, 1973). To simultaneously coat all
the electrodes, we used independent current sources
to drive a current density of 4mA/mm2 for 1min
(Pouliot, 1994) through the electrode in contact with a
platinum coating solution (LeGuyader, 1992) in an
ultra-sound bath (Marrese, 1987). The ultrasound
bath ensures a selection of strongly adherent platinum
particles. This coating procedure allowed a reduction
of contact impedance from B10 to B1MO at
1Hz.

Fig. 2. Microelectrode array. (a) Platinum/iridium (80%/20%) wires of 50 mm diameter were weaved through a nylon mesh having a spacing of

60mm between adjacent nylon fibers to create a distance of 300mm between adjacent electrodes. The mesh containing electrodes was then cast into an

epoxy cylinder, whose surface was machined to expose the electrodes. The cylinder was subsequently embedded into the testing chamber base. A light

micrograph shows the regular spacing of the exposed electrodes (b).
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2.2. Measurement and analysis of spatially resolved
streaming potentials

Full thickness mature articular cartilage explants,
1.0770.09mm (mean7SD, N=12) thick with a dia-
meter of 3.0mm containing B200 mm attached bone,
were isolated from the humeral head of a 1–2 year old
steer and stored frozen at �201C for up to 2 weeks prior
to testing. The bone was retained in order to prevent the
disk from curling. After thawing at room temperature in
Hank’s buffered salt solution (14060-057, Gibco, Bur-
lington) (in-house dilution 10� ), the articular surface of
the cartilage disk was placed in contact with the testing
chamber base containing the exposed electrode array
and the chamber was filled with Hank’s buffered salt
solution (0.15M NaCl, pH=7.2). The disk was placed
onto the electrodes as shown in Fig. 3b so that one
electrode pair is visible in the bath with all the remaining
pairs spanning the radius of the disk including one
crossing the disk center. After contacting the upper bone
surface of the disk with a stainless steel post connected

to the load cell, a sequence of 20 mm step compressions,
each achieved with a constant velocity (2 mm/s) in 10 s,
was applied followed by a waiting time of 300 s
allowing stress-relaxation equilibrium to occur for each
step. The resulting load and streaming potential
signals were acquired during the ramp rise and stress
relaxation. Following the cumulative 100 mm compres-
sion offset, a series of dynamic sinusoidal tests was
performed using frequencies of 0.01, 0.1 and 1.0Hz and
amplitudes of 2, 4 and 8 mm. A total of 12 disks were
tested using the above protocol taking a total time of
B2.5 h per disk. Four other disks were tested using
the same protocol in 0.15M NaCl but with additional
measurements where the saline solution was replaced
by a low ionic strength solution of 0.01M NaCl
at the 100 mm offset and the sinusoidal tests were
repeated after allowing equilibration for salt diffusion
(B30min).
For sinusoidal tests, data was analyzed using the

fundamental components of the Fourier transforms of
the position, load and potential signals. For the
potential data from both sinusoidal and stress-relaxa-
tion tests, it was necessary to account for the effect of the
data acquisition system on the measured potentials, in
particular, that of the high-pass filter with a cut-off
frequency of 0.05Hz. The effect of the data acquisition
system on the acquired data was determined by
measuring its transfer function (amplitude and phase)
using known sinusoidal signals (1mV amplitude) at the
amplifier input. Using this transfer function, the
potential signals resulting from sinusoidal and stress-
relaxation tests were corrected in the Fourier domain for
the effect of the high-pass filter. The transfer function
for three frequencies 1, 0.1, 0.01Hz tested is in
amplitude 1, 0.9, 0.28 and in phase 31, 281, 761. Finally,
after correction for the effects of the filter, for both
sinusoidal and stress-relaxation signals, streaming po-
tential profiles across the radius of the disk were
constructed by adding the differential potentials of
adjacent electrodes in the complex domain for Fourier
transformed sinusoidal data, and in the time domain for
stress-relaxation signals. In each case, the reference
potential was taken as that of the bath measured
by the most peripheral electrode (electrode 2 in Fig. 3b).
In our study, we adopt the sign convention that
compressive displacement and load are positive. To
facilitate the streaming potential interpretation over
the measured load we negate the response to yield a
positive value (shift the phase by 1801 in the sinusoidal
case) rather than the actual negative value expected,
and measured, for a material with fixed negative

charge such as cartilage. Therefore, we defined
the potential differences to be the outer electrode
potential minus the inner electrode potential for each
channel (i.e. V2 is me2–me3 in Fig. 3b, me=microelec-
trode).

(a)

Load Cell

Actuator

Medium

Cartilage

Bone

Ag/AgCl

Reference

Electrode

Platinum-Iridium

Microelectrodes

To Data 

Acquisition 

System

(b)

R=1.5 mm

8 7 6 5 4 3 2 1

V1V2V3V4V5V6V7

Cartilage

Disk

Microelectrodes(µe):

Fig. 3. Experimental apparatus for spatially resolved detection of

streaming potentials. Full thickness articular cartilage disks were

compressed in a saline bath under uniaxial unconfined compression

geometry (a). In addition to acquiring load and displacement

information, the flow-induced electric fields, or streaming potentials,

were measured across the radius of the disk via a linear array of 8

microelectrodes embedded in the base of the testing chamber (b). Inter-

electrode spacing was 300mm allowing for 6 electrodes to span the

1.5mm disk radius with one additional electrode on each side.
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3. Results

3.1. Streaming potential profiles for sinusoidal
displacements

Sinusoidal displacement loading superimposed at a
100 mm compression offset in the frequency range of
0.01–1Hz with amplitudes of 2–8 mm resulted in
sinusoidal load signals and streaming potentials, the
latter measured as the potential difference between pairs
of electrodes (Fig. 4). Streaming potential differential
amplitudes, on the order of tenths of mV, displayed a
characteristic increase with increasing radial position
across the disk at all measured frequencies and
amplitudes, with the minimum potential difference
(electric field intensity) at the center (V6 and V7 in
Fig. 4) and the maximum just inside the periphery (V2 in
Fig. 4) of the disk. Differential potential amplitude
increased at higher frequencies while the phase of the
differential potentials relative to the imposed position
was a more complex function of frequency (Fig. 5).

Since the differential potential was largest at the
periphery (V2 in Fig. 5a), the potential profile has the
steepest radial gradient at the periphery. The flatter
regions in Fig. 6a correspond with the smaller values of
the differential potentials (Fig. 5a). The constructed
radial profile of the potential phase (Fig. 6b) displayed a
more regular pattern than the phase of potential
differences (Fig. 5b) where the phase advance relative
to position was lower at higher frequencies. The
corresponding amplitude and phase of the load dis-
played a well known increasing amplitude and decreas-
ing phase advance with increasing frequency (Kim et al.,
1995) (Fig. 6c and d). Streaming potential profile
amplitude increased with increasing amplitude of the
sinusoidal displacement while the phase displayed less
dependence on amplitude (Fig. 7a and b). The potential
amplitude at the disk center for the 4 mm displacement
was B1.7 (rather than 2) times that of the 2 mm
displacement while that of the 8 mm displacement was
B2.7 (rather than 4) times that of the 2 mm displace-
ment, indicating a non-linear dependence of streaming

Fig. 4. Position, load and streaming potential raw data. A sinusoidal displacement of 4mm amplitude and 0.1Hz frequency was applied in

unconfined compression geometry generating a load ofB40 g amplitude. The differential potential between adjacent electrodes is shown starting with

the electrode pair (V7) on the opposite side of the disk center and ending with the electrode pair in the bath (V1) (refer to Fig. 2). The amplitude of the

differential potential increases towards the periphery of the disk, in agreement with biphasic model predictions that the relative velocity of fluid with

respect to solid increases with radius across the disk during unconfined compression.
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potential amplitude on displacement amplitude. This
non-linear relationship was similar to that of the load
where the corresponding factors were B1.6 and B2.6,

respectively (from Fig. 7c). The ionic strength of the
bath during testing also had a strong modulating effect
on streaming potential profiles where reduction of ionic
strength from 0.15 to 0.01M resulted in a B4 times
increase in amplitude at the center of the profile and a
B6 times increase at the periphery (Fig. 8).

3.2. Streaming potential profiles for ramp/stress-
relaxation displacements

Streaming potentials were also measured during the
series of ramp displacements up to the 100 mm compres-
sion offset where sinusoidal displacements were applied.
The filters with a cut-off frequency at 0.05 and 200Hz
were seen to have a marked effect on the form and
amplitude of the potential signal generated during the
stress-relaxation test. We used a simple mathematical
model (quadratic equation for the ramp and exponential
for the decay) that mimic the potential signal vs. time
and a model of the transfer function of the high- and
low-pass filters (Fig. 9a) to demonstrate their effect on
measured streaming potentials in stress relaxation. After
correcting for the effect of the filters in the Fourier
domain (as for sinusoidal data) using an experimentally
determined transfer function for the acquisition system,
approximations of the unaltered potential relaxation
signals were obtained (Fig. 9b) from which the radial
streaming potential profiles were constructed by addi-
tion of the differential potentials across the radius. The
streaming potential profile increased during the 10 s
ramp phase of the displacement (Fig. 10a) and decreased
during the subsequent stress-relaxation period

Fig. 5. Amplitude and phase of differential potentials. The amplitude

and phase advance, with respect to position, of the differential

potentials were obtained using the fundamental components of the

Fourier transforms of signals such as those of Fig. 4, shown here for a

sinusoidal amplitude of 8mm and frequencies of 1.0, 0.1 and 0.01Hz.

The displayed data was corrected after Fourier transformation for the

influence of the high-pass filter with cut-off frequency of 0.05Hz.

Fig. 6. Streaming potential profiles vs. frequency. Streaming potential profiles were constructed from differential signals such as those of Fig. 5 by

complex addition and taking the electrode in the bath (electrode 2 in Fig. 2) as the reference potential. Streaming potential profiles (amplitude in a,

phase in b) are shown for an 8 mm amplitude sinusoidal displacement at 1.0, 0.1 and 0.01Hz. The corresponding load amplitude and phase are shown

in C and D.
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(Fig. 10b). The form of the potential profile was similar
to that for dynamic sinusoids (Fig. 6a).

4. Discussion

Spatially resolved streaming potentials were measured
using microelectrodes in contact with the articular
surface and positioned across the radius of a disk of
full thickness mature articular cartilage. The spatial
profile of compression-induced streaming potentials was
obtained in uniaxial unconfined compression under
sinusoidal and ramp/stress-relaxation displacement
loading. One objective of this study was to compare
observed trends of these measurements with profiles
predicted using biphasic and related models. When
electrokinetic coupling is included in these models
(Frank and Grodzinsky, 1987a, b; Kim et al, 1995;
Sachs and Grodzinsky, 1995; Gu et al., 1998), a
proportionality between fluid pressure and electric
potential, or equivalently between fluid velocity and
electric field (or potential difference), is predicted,
providing that the material is considered homogenous,
isotropic and deformation is infinitesimal. Even in the
absence of these simplifying assumptions, deviations
from this proportionality may not be expected to affect
general trends in a significant manner (Levenston et al.,
1997). Another simplification in our comparison to
models is that most models assume frictionless cartilage
boundaries, while our experimental system contains full
thickness cartilage attached to bone. For all of these
reasons, we have investigated in this study the agree-
ment between measurements and model predictions in

terms of general trends rather than immediately
attempting a quantitative comparison of our measure-
ments with the various models.

Fig. 7. Streaming potential profiles vs. amplitude. Streaming potential profiles (amplitude in a, phase in b) for 2, 4 and 8mm amplitude sinusoidal

displacements at 1.0Hz and corresponding load amplitude c and phase d.

Fig. 8. Streaming potential profiles vs. ionic strength. A sinusoidal

displacement of 8 mm amplitude and 1Hz frequency was applied.

Streaming potential profile amplitude and shape depend on the ionic

strength of the equilibrating bath. Low ionic strength creates a

characteristic bump in the potential profile near the periphery (at

1.2mm radius).
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The basis of our comparison of streaming potential
profiles with biphasic models is the proportionality
mentioned above whereby potential may be compared
with fluid pressure and, equivalently, fluid velocity may
be compared to potential differences (electric field
intensity). Thus, the prediction of biphasic models for
unconfined compression (Armstrong et al., 1984; Kim
et al, 1995; Cohen et al., 1998; Soulhat et al., 1999; Li
et al., 1999) that fluid velocity monotonically increases
along the radial direction of the disks to a maximum at
the periphery is in agreement with our potential
difference profiles measured under sinusoidal loading
(Fig. 5). Alternatively, after construction of the poten-
tial profile (Figs. 6a and 10 for which the sign is inverted
to be positive), these measurements may be compared
with model predictions for fluid pressure that show the
highest pressure at the center of the disks, also in
agreement with our measurements. In particular,
streaming potentials were obtained during ramp rise
and subsequent stress relaxation and exhibited patterns

(Fig. 10) similar to pressure profiles predicted by
biphasic models for these tests (Cohen et al. 1998;
Soulhat et al., 1999) where a rise occurs during the ramp
phase followed by a subsequent relaxation. Further-
more, the trends of potential amplitudes and phases
when frequency or amplitude of sinusoidal displacement
are changed are also in agreement with biphasic model
predictions. Thus, potential amplitudes are increased at
higher frequencies (Figs. 5a and 6a) and higher ampli-
tudes (Fig. 7a) due to the generation of higher fluid
velocities and thereby interstitial pressures. The latter
trends were seen previously using two point potential
measurements (Lee et al., 1981; Frank and Grodzinsky,
1987a, b; Buschmann et al., 1992; Kim et al., 1995).
These observations support the conclusions of previous
studies of the biological response to mechanical load
where a stimulation of aggrecan synthesis was observed
at higher frequencies in unconfined compression (Sah
et al., 1991). When this increase in aggrecan synthesis
was localized via microdisection or autoradiography, it
was seen to occur in peripheral regions where interstitial
fluid velocity was predicted to be high rather than in
central regions where fluid pressure was predicted to be
high (Kim et al., 1995; Buschmann et al., 1999). Our
results confirm this correlation between stimulation of

Fig. 9. Streaming potentials measured during stress relaxation.

Streaming potentials were acquired during ramp rise and subsequent

stress relaxation. The theoretical effect of the high- and low-pass filters

(cut-off frequencies of 0.05 and 200Hz, respectively) on a typical

stress-relaxation signal is shown in a. Acquired data was processed

using an experimentally determined transfer function for the filter

effect to obtain the corrected differential signals in b.

Fig. 10. Streaming potential profiles during stress relaxation. Stream-

ing potential profiles were constructed using corrected stress-relaxation

signals (Fig. 9) by adding differential potentials along the radius using

the bath as the reference potential. The potential profile rises during

the application of the 20 mm displacement during 10 s and subsequently

relaxes with a pattern reflecting interstitial fluid pressure profiles

predicted using biphasic models.
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aggrecan synthesis and interstitial fluid velocity by
confirming the validity of these previous theoretical
predictions.
Potential amplitudes also follow a non-linear pattern

previously observed for load (Buschmann et al., 1998;
Fortin et al., 2000) where doubling the sinusoidal
displacement amplitude less than doubles either the
potential or the load. Rather than doubling when
increasing sinusoidal displacement amplitude from 2 to
4 mm, both potential and load amplitudes increase by
B1.7 times, and going from 4 to 8 mm in displacement
the load and potential increase is only B1.3 times. Since
the streaming potential reflects fluid pressure and
follows the same non-linear trend as the load, where
the load is the sum of the integrated fluid pressure and
the solid axial stress, it appears that the fluid pressuriza-
tion is the source of this non-linearity pattern. Further-
more, a theoretical model predicts the non-linear pattern
in the fluid pressurization with a strain dependent
collagen network resisting radial expansion of the
cartilage in unconfined compression (Li et al., 2001).
Reducing bath ionic strength has the effect of greatly

increasing the streaming potential amplitude as seen
previously in two point measurements (Frank and
Grodzinsky, 1987a, b). This is due to an increase of
the Debye length (distance from the GAG surface to the
net positive charge) at lower salt concentration, and
thereby the creation of net charge (on a microscopic
scale) in the fluid phase at distances farther away from
the molecular surface of GAG than at higher ionic
strength, where charge density is confined near the GAG
surface (Buschmann and Grodzinsky, 1995). Micro-
scopic fluid velocities are smaller near the GAG surface
due to the no-slip boundary condition than farther away
(Eisenberg and Grodzinsky, 1988; Chammas et al.,
1994), thus producing a smaller charge displacement
(electric field) at high ionic strength, given similar
macroscopic fluid velocities. Thus, the salt effect on
streaming potential profiles is also compatible with
macroscopic biphasic models provided that electroki-
netic coupling coefficients are salt dependent in a
manner that can be described by microscopic models.
In conclusion, spatially resolved measurements of

streaming potentials on the articular surface of cartilage
submitted to unconfined compression exhibit many
trends which agree with the predictions of biphasic
models of cartilage behavior. Aspects of these models
concerning interstitial fluid flow and pressurization and
their non-homogeneous spatial distribution were vali-
dated. The new technique described here, providing
spatially resolved maps of streaming potentials, has an
as yet unexplored ability to elucidate cartilage behavior
for other tests such as indentation as well as in the study
of non-linear phenomena, and the characterization of
material properties of tissues in various states of health,
disease and repair.
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