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SUMMARY 
The intervertebral disc formed by the nucleus pulposus (NP) 
and anulus fibrosus (AF), and the tissue contains a large 
amount of negatively-charged proteoglycan. When the tissue 
deforms, a streaming potential is induced by liquid flow with 
positive ions. This study investigated the relationship between 
the streaming potential and applied stress in bovine 
intervertebral tissue under compression. Column shaped 
specimens, 5.5 mm diameter and 3 mm thick, were prepared 
from tissue of the AF, NP. The loading direction of each 
specimen was oriented in the spinal axis, and also in the 
circumferential and radial directions of the spine in AF 
specimens. The specimen is placed on the porous filter and the 
circumference of the specimen is restrains by a ring. The 
structures were set inside a container filled with physiological 
saline at 37 ˚C. An Ag/AgCl electrode is bonded and insulated 
from the tip of the indenter. The streaming potential with 
negative value linearly increased with the compressive stress 
in all specimens. The linear coefficients showed different 
values in each tissue. The linear coefficients in the NP 
specimens showed the higher value than in the anulus fibrosus 
specimens. 
 
INTRODUCTION 
Intervertebral disc tissue is classified into nucleus pulposus or 
anulus fibrosus. This part of the vertebra contains an 
extracellular substratum named proteoglycan. The nucleus 
pulposus contains much more liquid than the anulus 
fibrosus[1]. Understanding the interplay of the applied stress 
in human motion in a variety of situations with the body 
weight is important to analyze injuries of this tissue. Many 
kinds of stress/strain analyses of the spine structure have been 
conducted to explain the mechanical properties of biological 
soft tissue. When the tissue deform, the liquid phase flows out 
through openings in the solid phase, and the interaction and 
friction between the two phases give rise to the macroscopic 
visco-elastic behavior. In addition, the solid phase of soft 
tissue contains a large amount of negatively-charged 
proteoglycan. Strain in the soft tissue changes the charge 
density on the proteoglycan and disrupts the balance of the 
electrochemical equilibrium. When an electric potential is 
present in the deformed tissue with the liquid flow, this 
relative electric potential change is termed the streaming 
potential. This electric charge affects the visco-elastic 
deformation of the tissue. The streaming potential has been 
well measured in articular cartilage[2-4], and authors 
investigated the streaming potential in spinal cords[5]. The 

streaming potential measurements would enable a stress 
analysis of the visco-elastic tissue. This study investigated the 
streaming potential generated by a range of compressive loads 
applying to tissue specimens extracted from bovine 
intervertebral discs. 
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Figure 1:  Experimental setup for the measurement of 
streaming potentials under uniaxial compression conditions. 
 
 
METHODS 
Figure 1 shows the measurement system located on the 
material testing machine (Instron Model 3365, Instron Co., 
with 50 N load cell). A porous 6 mm thick plastic plate (Fildus 
S-HP6.0, Mitsubishi Plastics, Inc.) was used as the filter for 
the liquid phase flowing from the specimen during straining. 
The porous filter prevents the outflow of the solid phase but 
does not obstruct in- or out-flow of liquid phase. The 
specimen is placed in a 5.5 mm inner diameter acrylic ring on 
the porous filter. The ring restrains the circumference of the 
specimen and the internal liquid phase moves only to the filter 
side to flow out though the porous filter. The structures were 
set inside a clear acrylic container filled with physiological 
saline. The container was located in a large bath to keep the 
constant temperature at 37 ˚C by hot water filled in the 
surrounding bath. An Ag/AgCl electrode (E204 Disk, IMV 
Corp.) is bonded and insulated from the tip of the 5 mm 
diameter indenter. Another electrode is located in the bath as a 
reference electrode. The electric potential detected by the 
electrodes is conducted through an amplifying device and 
recorded on a PC by a sensor interface (CDV-700A, PCD-
300A, Kyowa electric instruments Co. Ltd.), concurrently with 
the applied load at the indenter measured from the load cell, 



and the system measures electric changes during compressive 
loading. 
 
Intervertebral discs were cut out from the lumbar spine of 
three Holstein cows, female, 24 months old. Column shaped 
5.5 mm diameter 3 mm thick specimens were prepared from 
several parts of the tissue, anulus fibrosus (AF) and nucleus 
pulposus (NP). The loading direction of each specimen was 
oriented in the spinal axial direction, and in the AF specimens, 
the axial (AF-A), circumferential (AF-C), and radial directions 
(AF-R) of the spine were sampled. The specimens were 
thawed after being set in the testing device and placed in the 
physiological saline at a constant temperature of 37 ˚C. The 
height of specimens changed considerably due to swelling 
phenomena. Therefore the height of the indenter from the 
bottom filter was located 4 mm after the specimen set up.  
 
Three phases of the compression process 8, 0.8, and 0.08 
mm/min resulting in a 0.4, 0.2, and 0.2 mm compression, 
respectively, with the total 0.8 mm of compression performed 
in the physiological saline at 37 ± 1˚C. 
 
 
RESULTS AND DISCUSSION 
The electric potential between the electrode attached at the tip 
of indenter and the reference electrode was negative and the 
charge value increased with increases in applied compressive 
strain. Figure 2 shows the relationship between the streaming 
potential and the compressive stress in an AF-A specimen 
under a compression rate of 8 mm/min., this relationship was 
linear with a very high correlation coefficient r2 of 0.999. This 
linear coefficient ke termed the electrokinetics factor. The 
mean values of ke (n=9) measured on each specimen at 
different compression rates are shown in Figure 3, showing 
that ke is different depending on the extraction locations and 
compression speeds. The ke shows higher values for higher 
compression speeds in the AF specimens. In the NP specimens 
the ke values for the different compression speeds were almost 
very similar but the values varied greatly in different 
specimens. There are only small differences among the 
compression specimens for the AF-A, -C and -R specimens. 
Although there were no apparent differences in the tissue, the 
NP specimens showed higher values than the AF specimens, 
particularly under slow loading speeds.  
 
The experiments performed in vitro tests that take place 
outside of the biological body, and the streaming potential 
determined as the electric charge on a specimen was subject to 
compression in physiological saline. This measurement system 
detects the electric changes by an electrode attached at the 
indenter, and the streaming potential depending on the tissue 
deformation was sensitively obtained recording the changes in 
the stress field. The maximum stress was 240 kPa under 
uniaxial compression in the case of Figure 2. The actual load 
applied to the disc was 576 N simply estimated from the 
sectional area of disc with about 2400 mm2. The liquid phase 
flow with streaming potential occurred in this loading 
condition. 
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Figure 2: Relationship between compressive stress and 
streaming potential of an anulus fibrosus - axial direction (AF-
A) specimen. 
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Figure 3: The linear coefficient ke in the relationship between 
streaming potential and stress of different parts of 
intervertebral tissue under uniaxial compression. 
 
 
CONCLUSIONS 
There were clear electric potential changes induced by the 
compressive state of specimens made of anulus fibrosus and 
nucleus pulposus in the bovine intervertebral disc. The 
streaming potential with negative value linearly increased with 
the compressive stress in all specimens. The linear coefficients 
in the nucleus pulposus specimens showed the higher value 
than in the anulus fibrosus specimens. 
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