
• Pathologic clicks are mostly
associated with knee
disorders and injuries,
whereas physiologic clicks
arise from bursting of
bubbles in the synovial fluid
or ligament snapping.
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Conclusion
• In this paper, we presented a new algorithm for detecting and classifying physiologic and pathologic clicks from the

knees of subjects with JIA and healthy control subjects.
• An automated algorithm such as the one presented can potentially be used to assist clinical decision making and

provide knee-health tracking in wearable systems for home-monitoring.

• The signals were band-pass filtered (250Hz-20kHz) and spectral noise suppression was applied.
• Teager Energy Operator

o The Teager energy operator represents the running estimate of the signal energy by operating on three sequential
samples of the signal at a given time point. It is generally used to detect instantaneous changes in signals such as
discontinuities, changes in signal amplitude and/or changes in frequency.
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• Using the Teager energy operator, change point locations were detected.
• Using these clicks locations, the portions within click location ± 50ms were extracted from the main signals for each

detected click.
• 8 features were extracted from each frame: zero crossing rate, energy, energy entropy, spectral flux, spectral spread,

spectral entropy, spectral roll-off, and spectral centroid.
• Random forest classification with 100 estimators and maximum depth value of 7 was employed. The performance

assessment was performed using leave-one subject-out cross validation (LOSO-CV).• The frames from these two click types constructed separate clusters in two
dimensional space based on their time and spectral domain features.

• Random forest classification led to cross validated accuracy, sensitivity and
precision of 94.3%, 93.3% and 96.6%, respectively. Similarly, the ROC curve was
plotted and the corresponding area under curve (AUC) was calculated to be
0.98.

We hypothesize that these physiologic and pathologic clicks have different
characteristics and could be differentiated with an automated system
allowing for more precise classification of knee health status.
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• Juvenile Idiopathic Arthritis (JIA) is the most common rheumatic condition of
childhood, affecting more than 200,000 children in the United States.

• Knee acoustic emissions from 4 control subjects (with physiologic clicks) and 4
subjects with Juvenile Idiopathic Arthritis (with pathologic clicks) were
acquired.

• Acoustic emission events (clicks) produced by the knee during movement can
be classified as physiologic or pathologic.


