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Measuring Dynamic Viscoelastic Properties of Articular Cartilage by Acoustic
Vibration at Low Frequency Range
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The aim of this study is to develop anon-contact method for measuring the
viscoelastic properties of articular cartilage by acoustic excitation at low frequency. In this
method, the articular cartilage’ s complex shear modulus is obtained by measuring the phase velocity

of a stationary wave on the articular cartilage that is excited by a wide range speaker; the
displacement response at the surface of the specimen is simultaneously measured at multiple points
by two laser displacement sensors. The phase velocities of shear waves are obtained from the
displacement responses and then the viscoelastic properties are evaluated using a Voigt model. The
effectiveness of the system was investigated by measuring the viscoelastic properties of three
gelatin phantoms with different collagen concentration of 2,5 and 8 wt. % at 50~120 Hz excitation.
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Fig. 1 Schematic diagram of the method for
measuring phase velocity.
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Fig. 2 Schematic views of the of acoustic
vibration excitation system. The numbers 1 and 2
represent the displacement sensors.
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Table 1 Experimental condition and measurement
condition.

Temperature Room air, 210
Input wave type Sinusoidal
Input current [A] 1.5
Sampling frequency [kHz] 1
Data numbers [points] 8192
Displacement resolution[pum] 0.025

Fig. 3 Actual condition of the experiment of
acoustic excitation experiment.
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(a) Displacement response of point A
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(c) Displacement response of point B
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(d) Power spectrum of displacement response of
point B

Fig. 4 Experimental results obtained at points A
and B at the surface of the specimen.
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(a) Displacement response of point A

g 3 -

Ew

32

%%1 |

g3

g =0

P 40 60 80 100 120

Frequency[Hz]

(b) Power spectrum of displacement response of
point A

‘€6
SLANANANAN
NAVAVAVAVAVAVAVA!
= VoW Y v Y
E ’ 0 0.02 0.04 0.06 0.08 0.1

Time[s]

(c) Displacement response of point C

e 15F

EW 1 |

E gOS

2= 0 ‘ | ‘

A 40 60 80 100 120
Frequency[Hz]

(d) Power spectrum of displacement response of
point C

Fig. 5 Experimental results obtained at points A
and C at the surface of the specimen.
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Fig. 6 Phase velocity as function of frequency
using different collagen gel concentrations. The
dots are the measured data and dashed lines are
the curves obtained using Eq. (5).

Table 2 Real parts of the shear complex modulus
and coefficient of viscosity at different collagen
concentrations.

Collagen content [wt.%] | G, [kPa] | n[Pa s]
2 1.27 5.64
5 1.97 6.70
8 2.42 7.46
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