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Abstract: Clinical studies have shown that during
standardized movements the Acoustic Emission (AE) from
lesions in articular cartilage can be assessed. Specific lesions
produce specific acoustic signals, therefore it is possible to
evaluate the character of cartilage damage. Consequently it is
possible to evaluate the condition of the joint cartilage in order
to enhance therapy. Patients performed series of knee bends,
first on a plane surface in order to assess the cartilage lesions.
Then patients performed knee bends on boards simulating
orthopaedic insoles by means of inner and outer edge
elevations. Insoles aim at relieving the lesioned areas of
cartilage from loads and strain. AEA monitoring reveals the
effects of a shift of the zone of load transfer immediately and
is an adequate tool for the diagnosis as well as the monitoring
of therapeutic measures.
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1 Introduction

Knee joint osteoarthrosis is a progressive degenerative disease
affecting the knee joint cartilage. Cartilage usually does not
heal in humans, therefore an early diagnosis and the possibility
of real time screening of defects and monitoring of medical
intervention is crucial to the therapeutic measures [1].

Acoustic emission analysis (AEA) in medical diagnosis is
a non-destructive method for the screening of the condition of
articular cartilage [2], [7]. AEA is carried out during
application of standardized loads, because only active defects
or deteriorations in cartilage produce acoustic emission. AEA
as a medical diagnostic technique can provide a wide scope of
information of joint cartilage and its damage patterns [3]. AEA
has no known health risks or side effects [4].

In the context of a clinical study 69 patients with the
initial clinical diagnosis of knee joint osteoarthrosis underwent
a screening with AEA. One exemplary case of a patient with
pronounced symptoms in the left knee but unspecific
symptoms in the right will serve to illustrate the application of
AEA based screening as a diagnostic technique.

This work is licensed under the Creative Commons Attribution 4.0 License.
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2 Method

Clinical studies have shown that during standardized
movements the AE from lesions in articular cartilage can be
assessed. Different types of lesions emit different acoustic
signals, acoustic emission therefore can be assigned to typical

lesion patterns. Osteoarthrosis e.g. will emit characteristic AE-
burst signals. Joints emit a basic continuous background noise.
The visually nearly imperceptible movement of a person
standing in an upright position is an acoustically very well
perceptible load transfer in AEA.

Figure 1: Person during a knee bend with the adapted
BoneDiaS-system and piezo sensor at the knee

The standardized movements [5], a series of three knee
bends were examined with the help of a BoneDiaS AEA
system with an integrated inclinometer. This allows the exact
mapping of lesioned or damaged areas on the cartilage surface
[6].

The patients perform the first series of knee bends on a
plane surface. There will always be variations in the individual
performance of the bends which will be registered by the
inclinometer. Patients will vary their movements to avoid
damaged areas and avoid pain which will enhance the
screening of the cartilage (see Figure 1).

The second examination with another series of knee bends
will be performed on boards that simulate the effect of
orthopaedic insoles with a 2° inner edge elevation.

\

Figure 2: Person during a knee bend on boards with elevated
outer edges to simulate insoles

The third series of knee bends will be executed on boards
with 2° outer edge elevations (see Figure 2).

By variation of the joint angle position in the sagittal
plane with the help of the simulated insoles a shift of the load
transfer zone and a rerouting of loads unto undamaged areas is
possible. Here again the real time monitoring by AEA
provides the necessary information on condition and depth of
cartilage.

3 Results

The patient of the exemplary case showed distinct acoustic
signals of significant damage in the right knee during the
performance of the knee bends on the plane surface. See the
AE amplitude-time curve with peaks during knee bending S2,
S3 and S6 for further reference (see Figure 3, 4, 5 and 6).

The examination on the boards when the inner edge was
elevated produced pronounced signals while the patient
assumed an upright position, but the other acoustic emission
was within the normal range in the course of the movement
(see Figure 7).
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Figure 3: a) AE of the 3 knee bends on a plane surface; location
of the signals S2, S3 and S6; b) angle of the 3 knee bends
and the location of the signal S6
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Figure 4: a) AE of the 3 knee bends on a plane surface; b)
zoomed location of the signal S2 and c) the location of the
signal S2

Banduursor
) Gienze|Pesks]
=L
0. GrenaelPeski]
£
Dl [Pesks]
EEEE

B andeaseo
U Grenze|Peshs]
s
0 Ginnze{Peaks]
E
D, [Peaks]
[GER

Figure 5: a) AE of the 3 knee bends on a plane surface; b)
zoomed location of the signal S3 and c) the location of the
signal S3
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Figure 6: a) AE of the 3 knee bends on a plane surface; b)
zoomed location of the signal S6 and c) the location of the
signal S6
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Figure 7: a) AE of the 3 knee bends on surfaces with inner
elevations and b) the trajectory of angle
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Figure 8: a) AE of the 3 knee bends on surfaces with outer
elevations and b) the trajectory of the angle

The examination on the boards when the outer edge was
elevated revealed no acoustic emission significant of damage
at all, but the typical acoustic spectrum of the intact joint. In
this case the relative presentation of the amplitudes shows a
wide band of the noise amplitudes (see Figure 8).
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4 Discussion

The AEA of acoustic signals from the exemplary case study of
a patient on a plane surface revealed distinct friction signals
indicative of damage of the articular cartilage.

The steep rise of the amplitude at the beginning of signal
S2 (1* knee bend, plane surface) actually represents the abrupt
entry or drop into a cartilage lesion and at the end the gradual
exit out of the lesioned area at a joint angle position of 20°, the
patient moving upward into a standing position.

Signal S3 (2™ knee bend, plane surface) shows a slightly
different load transfer path due to a slight variation in the
patient’s execution of the knee bend. The joint angle is within
the 20° range but the moderate rise of the amplitude indicates
a thicker and healthier layer of cartilage that is dampening the
acoustic emission at this point.

Signal S6 (3" knee bend, plane surface) again reveals a
distinct friction suggestive of damaged cartilage for the same
joint angle position. The inclinometer reveals that in S6 the
patient again slightly varied the knee bend.

The AE versus time of signals S2, S3 and S6 reveal that
the patient already suffers from degenerative defects of the
articular cartilage in the right knee and that the development
of osteoarthrosis is imminent. Therefore it is advisable to
apply therapeutic measures to stop the progression of the
symptoms.

Consequently, the following AEA examinations with
simulated insole effects aim at finding healthy areas of joint
cartilage and at shifting the load transfer zone from lesioned to
un-lesioned areas.

Both alterations, lateral and medial elevation allow to
avoid the lesioned areas in the course of the knee bend. With
the medial, i.e. inner edge elevation, however, the joint
produced pronounced signals while the patient assumed an
upright position. Therefore, the lateral, i.e. outer edge
elevation has to be preferred. The monitoring of the insoles’
effect can be assessed in real time again by AEA.

5 Conclusion

The application of different test boards in the course of an
AEA screening proves that the contact area between femur and
tibia can be examined (real time) in the active joint in order to
detect and map the cartilage surface and probable cartilage
defects.

In the exemplary case it was possible to find an area of
undamaged cartilage onto which the effect of an insole with an
outer edge elevation rerouted the load transfer. This avoided a

further deterioration of the lesioned area and restored the
patient’s mobility.
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