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Abstract

Project Code: MRG5980103

Project Title: Development of Knee Joint Vibration Measurement Technique for
Chondromalacia Patella Screening and Diagnosis
Investigator : Kakanand Srungboonmee, Ph.D.
Faculty of Medical Technology, Mahidol University
E-mail Address: kakanand.sru@mahidol.edu

Project Period: 2 years

The purpose of this research is to develop a technique to measure the knee
joint vibration or the knee vibroarthrographic signal for screening and diagnosis of
chondromalacia patella. Two studies have been done in order to characterize the signal.
The first study was conducted in the deteriorated cartilage of the swine knee. The
patellofemoral joints were dissected and scrubbed to mimic the level of cartilage
degeneration. Vibration signals from all conditions were taken. The second study was
done in 16 volunteers who had no knee pain. Vibration signals were taken from both
knees of the participants, following by getting the knee MRI images. Time-frequency
analysis was performed for both studies and found that power of the signals in high
frequency range (500-1500 Hz) was higher in the pathological cases than in the normal
cases. A quadratic support vector machine classification model was developed and
yielded 71% accuracy in classifying 4 classes of the chondromalacia of patellofemoral
cartilage (normal, low, moderate and high). This study therefore revealed a potential of
using the knee vibroarthrographic signal in screening and diagnosis of chondromalacia

patella.

Keywords : Friction-induced vibration, knee vibroarthrographic signal,

chondromalacia patella
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Chatsworth, classifier
CA)
Wu and Acceleromete | Classification Normal-Pathological 65.17%
Krishnan, 2009 | r (model -Fisher linear discriminant (FLDA)
3115a, analysis (FLDA) 73.03% (LS-
Dytran, -Nonlinear least squares SVM)
Chatsworth, support vector machine (LS-
CA) SVM)
Ragayyan and | Acceleromete | Normalized each signal to the | Normal-Pathological 77.53%
Wu ,2010 r (model amplitude range [0,1]
3115a, Classification
Dytran, Radial basis function network
Chatsworth, (RBFN)
CA)
Cai et al., 2013 | Acceleromete | Matching pursuit Normal-Pathological 88.76%
r (model decomposition and dynamic
3115a, weighted classifier fusion




Chatsworth,
CA)

Chen J et al.,
2013

Miniature
acceleromete
rs (Model
353-B33,
PCB
Piezotronics

Inc., USA)

-Hilbert Huang Transform
-Statistical pattern

classificatiom

Normal-Pathological

85.3%

Wu et al.,
2013

Acceleromete
r (model

31153,

-FLDA
-SVM

Normal-Pathological

-FLDA
(81.33%)
-SVM

Dytran, (81.33%)
Chatsworth,

CA)
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BACKGROUND * Wide-range of high frequency components of the recorded vibroarthrographic signal were
found at the beginning of knee flexion and near full extension, approximately at 30 degree
flexion.(Figure 5)

* From previous studies, vibroarthrographic signal has a potential to examine patellofemoral
crepitus non-invasively [1][2].

« During knee flexion/extension, patella is in contact with the underlying femoral trochlea [3][4].
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Figure 1 Biomechanics of patellofemoral joint during knee flexion/extension [5] ol 30° tlexion 30° extension 30° flexion i
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* The aim of this study is to preliminarily examine the vibroarthrographic signal in relation to the 25 i
patellofemoral lesions. 3, ; ; ; ; : : : : 5 T
MATERIALS AND METHODS Figure 5 Recorded vibroarthrographic signal after removal of knee motion signal
« A knee vibroarthrographic signal, vibration signal of the knee joint, was recorded from the
right knee of a male subject prior to an arthroscopic surgery.
* Avibration sensor was placed on the mid-patella area when the right knee was fully flexed. » Knee joint vibration signals after baseline removal were analyzed in time and time-frequency
* The subject actively moved his leg from full extension to full flexion and back to full domain (Figure 6).

extension In a supine position.

* The recorded knee signal was analyzed in time-frequency domain and related that to the

lesions found during arthroscopic examination. 40
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Figure 2 Vibroarthrographic signal recording system

RESULTS

» Agrade-II lesion on the patellar cartilage was observed near the apex as well as a grade-1V AT N el oD gl I nE=iseuenss) e ol
lesion at the femoral trochlear. Those contact locations corresponded to approximately 30
degrees of knee flexion.

CONCLUSION

* The sensor (accelerometer) basically took the vibration of the patella as gliding on the
femoral articular surface.

* The non-smooth contact surfaces should provide strong vibration signal with higher
amplitudes at high frequency region and vice versa.

« This characteristic found at the time corresponding to the location of the lesion contacts.

« This study suggested the use of vibroarthrographic signal to examine the cartilage
degeneration non-invasively and could potentially locate the contact lesions.
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Figure 3 Grade-1V lesion at the femoral trochlea
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