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Background: 

First performed in 1960, Total Joint Arthroplasty (TJA) is the complete replacement of a patient’s hip. 
Completely replacing a person’s hip with a mechanical hip joint is one of the most common ways of 
restoring functionality to a degenerative hip joint. The main complications faced by hip replacement today 
are infection, wear of the implant, loosening in the femur and dislocation. Wear and loosening happen 
gradually over the life of an implant and may eventually require complete replacement. Of particular interest 
are ceramic implants which can emit audible squeaking, and yet usually suffer no other apparent 
undesirable effects. Although ceramic implants are a popular and robust choice of hip replacement, 
squeaking remains a controversial issue.  

There are currently no technical methods employed for reliably determining the condition of a hip implant 
inside a patient’s body. Wear and loosening are particularly difficult to identify visually, because they happen 
on a microscopic scale. The passive listening of acoustic emissions of a hip prosthesis has been proposed 
as an alternative to traditional scanning technology.  

Aim: 

The goal of this summer project was mainly to validate that passive acoustics techniques can be used to 
measure the differences in sound between prosthetic hip implants, inside and outside of patients and 
improve the data tools used for acoustic analysis.  

The goals for the project included: bench testing a range of implant types and characterizing the different 
noises produced by each implant; comparing bench tested data of recovered hip implants to the acoustic 
data collected from similar implants that were inside a patient; developing useful data tools to filter 
noise/detect acoustic events; and to validate the event data and the use of a co-ordinate controlled robot 
(CCR) by a qualitative analysis of the recorded sounds by ear. A main outcome is also to develop a 
standardized data format and library of in-vitro and in-vivo tests, control participants and TJA patients. 

Bench testing: 

To provide repeatable results, a CCR was employed to put the hip implants under a regular motion for 
bench testing. Ambient noise was used as a control and recorded before robot bench testing began for all 
the implants. A range of different implant combinations were tested together; ceramic and metal hip heads 
were mated to a range of ceramic, metal and polymer cup combinations. Patient implants (both ceramic 
heads with ceramic cups) were tested with the same robot setup for comparison with patient collected data. 
Robot testing was performed at a range of speeds from 100mm/s to 1000mm/s. Additional comments for 
the acoustic tests were noted, and appended to the acoustic data. 

Processing: 
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In all tests, acoustic data is recorded continuously and an event detection algorithm is necessary in order to 
separate out the useful parts of a signal for analysis. Wavelet analysis was explored, and it seems to be a 
promising alternative to a typical spectral analysis (using Fourier transforms) to identify the frequency 
content present within the recorded signals. Noise is the unwanted random variation in the magnitude of a 
signal over time, from electrical interference; noise was removed from the signal through a specialized filter 
function (using wavelets). Noise is usually at an acceptable level during patient testing, but during robot 
testing there is a lot of noise produced from the robot motions and gearing.  

After filtering, signals were then analyzed in the frequency domain, using a range of spectrographic tools, 
the Fast Fourier transform (FFT) and discrete wavelet high-low pass filtering. Detected events were listened 
to across ambient and actual event data, distinguishable sounds were noted down, static pops and other 
noise similar sounds were dismissed as false events and the results recorded. 

Results: 

Acoustic emissions of events were typically observed to be between 1-16 kHz. A retrieved ceramic on 
ceramic implant was observed to have the highest median peak frequency (3.1 kHz, N*=52, 
v**=1000mm/s).  The unused ceramic head-ceramic cup, the other retrieved ceramic head-ceramic cup and 
the metal head-metal cup was observed to have peak frequencies in the 2.2-2.3kHz range (N typically was 
20). The metal head-polymer cup, had the lowest median peak frequency at 0.7 kHz (N=33, v=500mm/s; 
N=29, v=1000mm/s). The ceramic head-polymer cup, had frequencies in the same range as the ceramic-
ceramic and metal-metal combinations (2.2 kHz, N=10 v=500mm/s; N=15, v=1000mm/s). 

The ambient noise test of each bench test was observed to have very low peak frequencies of typically no 
more than 0.04 kHz (N=11). The ambient acoustic data of the metal-polymer test showed a slightly higher 
median peak frequency (0.55 kHz, N=12) and the ceramic/polymer combination showed ambient data 
having an excessive median peak frequency (2.4 kHz N=7). The ceramic-polymer combination appears to 
be contaminated with high frequency noise. 

*N=the number of detected acoustic events. **v=the robot testing speed. 

For validation purposes, 94 events detected within the ambient data were listened to, and 161 events from 
the active bench data were listened to. The success rate was 11% for the ambient data, detecting actual 
event sounds (like bumping the acoustic table) and 16% for actual bench data (5% of which was really clear 
event data in the main data channel).  

Discussion: 

Ceramic-ceramic implants displayed the highest peak frequency, followed by metal-metal implants. Hard 
materials tend to exhibit higher frequencies when disturbed, similar to a tight violin string. The similarities 
between metal-metal implants and ceramic-ceramic implants make them hard to distinguish by sound. The 
metal-polymer combination produced the lowest peak frequency, as would be expected from a softer 
material.  The ceramic-polymer combination appears to have been contaminated with noise, based on the 
results of its respective ambient noise test.  

Validation shows that events are being detected alongside a lot of false events. While the observed success 
rate of the event detection routine is relatively low, adjustment of parameters such as the minimum event 
time can likely increase the success rate. Ongoing work is being undertaken to improve event detection 
resolution. 

Conclusions: 



   
  Roger Welsh.docx 

In conclusion, acoustic testing continues to show promise for the future, as a non-invasive tool for artificial 
hip diagnosis. It was shown there are some differences between hip implants, relative to the peak 
frequencies in distribution and magnitude. Event data validation shows that a lot of false events are 
detected and that the current methods still have more room for development.  


