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A Simple Knee Injury Diagnosing Technique Using Sound Signals Generated by Knee Motion

O AEES (&) TRRS)

EngE (Yx b= ()

Masao ISHIHAMA, Kanagawa Institute of Technology
Toshihiko WATANABE, Jatco Co., Ltd.

Abstract: This study explored the possibilities of using sound waves that are generated in human body as the signal for
diagnosis. Sound signals collected by small microphone array attached to the knee with small air-gap were compared to the
diagnoses made by medical doctors. The digitally processed sound signal showed characteristic waveform, power
spectrum and wavelet information that correspond well with each different knee injury pattern. These result paved the way

to proceed to the next stage of developing this technique.
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Fig.1 Vibro-acoustic coupler that contacts human body and
holds a microphone.
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Fig.2 Sensor arrangement
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Fig.3 Mass-spring model of the knee-sensor system dynamics
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Table 1 Material properties used in the FEM analysis

Material Units| Bone Soft Coupler Cavity
propety tissue (Aluminum) (Air)
Young's pa |2%"EY 5 01E10|  6.9+E09 | 1.4+E05
modulus 0
Poisson's 0.4 0.45 0.33
Density kg/m| 688 946 2.7+E03 1.29

Table 2 Component size of the FEM model

Size Bone Sﬂ Sleeve
tissue

Radius, mm 25 75 8

Length, mm 370 370 16

Table 3 Elements used in the analysis

No. of No. of
Element type|elements |nodes
Tetrahedral
solid 3021 6415

Table 4 Natural modes of the sensor-tissue-bone system

Mode Frequency, Mode shape
1st 2.650 Pitch of the sleeve
2nd 2.651 Roll of the sleeve
3rd 3.171 Bounce of the sleeve

4th and >100Hz |[Tissue elastic modes
g =N

Fig.4 Finite element model of the knee-sensor system
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Fig. 5 Vibration mode of the knee-sensor system
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Fig. 6 Sound waveform measured at the left knee of a client
with gonarthrosis.
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Fig. 7 Sound waveform measured at the right knee of a client
with habitual dislocation.

BFEO H KX, ZOWRETOFNEITH £TIE, BIEIC
BBEERR D D LidgrSnTniero7=. UL, il
FER (K8) A&, KERESMIT i CHEA 22 IREhE
R BER I, ZiEX 6 OB ERBRBEESEICEITWD
DHDEEREDRER, ZTDOLBY DEBLEHMTHY,

S ORI RE b o> Tz, ZoRRIE, 4

BB LB YU TV AT AR, XTT UDERTL 2
T AETREREE, RS FTICEE TED THRMT
HREIDOFIHEMEZ R LTV D,

a. Channel 1, Outer low-end of tlu&h bone
Pa C:[ -100.000 ms; 0.0491 Pa) eas. [2-5] Trigger Ch. 1

<

'
=

& L ” - : -
-100 -50 (1] 50 100 150 200 250 ms

b. Channel 4, Outer upper-end of shin bone
Pa C:[ -100.000 ms; IJ.IJW? Fa) Meas. [2 8] Trlﬂwl Ch. 4

Sound Pressure, Pa

4
0,
Y R R
-100 0 100 200

Time, ms

Fig. 8 Sound measured at the right knee of client H. (Not
explicitly diagnosed as ill by a medical doctor.)
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Fig. 9 Sound measured at the knee of the client M who has
damaged cords
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Fig. 10 Sound measured at the knee of the client M who has
damaged cords
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Fig.11 An example of the graphic user interface that controls
wavelet analysis. The two waveforms in each level are of the
raw acoustic signals and of the reduced noise signals.
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