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Abstract 
 

Recently, there has been an increased interest in developing new techniques for damage inspection 

in materials, especially those used to create ultra-high-molecular-weight polyethylene prosthesis. 

Damage inspection techniques, such as Field Microscopy, Optical Microscopy, Immersion 

Ultrasonic Testing, and Micro-Computed Tomography (Micro-CT), are among the most widely 

used to detect internal microscopic damage. However, although the Micro-CT is one of the best, 

its high cost allows us to propose a new inspection method. This research presents a new vision for 

microcrack detection using the Wavelet transform as a signal-processing technique, providing a 

theoretical and experimental framework. The result shows the use of ultrasonic equipment for its 

detection, supported by the pulse-echo technique, in UHMWPE endoprosthesis tests. 

 

Index terms: microcracks, endoprosthesis, wavelet transform, pulse-echo technique. 
 

 

 

 

 

Resumen 

 

Recientemente, ha habido un creciente interés en el desarrollo de nuevas técnicas para la inspección 

de daños en materiales, especialmente aquellos utilizados para la fabricación de prótesis de 

polietileno de ultra alto peso molecular. Las técnicas de inspección de daños, tales como la 

microscopía de campo, la microscopía óptica, los ensayos por ultrasonido por inmersión y la 

microtomografía computarizada (Micro-CT), se encuentran entre las más utilizadas para detectar 

daños microscópicos internos. Sin embargo, aunque la Micro-CT es una de las mejores, su elevado 

costo nos permite proponer un nuevo método de inspección. Esta investigación presenta una nueva 

perspectiva para la detección de microfisuras utilizando la transformada wavelet como técnica de 

procesamiento de señales, proporcionando un marco teórico y experimental. El resultado muestra 

el uso de equipos de ultrasonido para su detección, respaldado por la técnica de pulso-eco, en 

ensayos de endoprótesis de UHMWPE. 

 

Palabras clave: microfisuras, endoprótesis, transformada de wavelet, técnica de pulso-eco. 
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I. INTRODUCTION 
 

Several methods have been reported for detecting microcracks in UHMWPE inserts, including microscopy, 

Optical Microscopy, and Ultrasonic Immersion Testing [1]. However, none yields results as accurate as those 

obtained with Microcomputed Tomography (Micro-CT) [2]. The main factors related to the appearance of cracks, 

microcracks, and other fractures have been studied from different perspectives, including their formation, 

detection, autonomous repair, and non-destructive testing (NDT) [3], [4], [5]. This research aims to provide a 

new vision in the detection of microcracks through the use of the Wavelet transform [6], [7], [8], [9], [10], [11], 

with the help of adaptive noise cancellation [12], [13], [14], [15], [16], [17] and cross-correlation techniques 

applied [18], [19], [20] to the ultrasonic technique known as pulse-echo [21], [22], [23], as well as the use of 

ultrasonic equipment based on the pulse-echo technique [24], [25], [26], [27], [28], [29], [30], [31], [32], [33], 

[34]. This work is organized as follows: Materials and methods describe the equipment used for the pulse-echo 

technique and the use of the signal processing system in Matlab® via the Wavelet transform. The results exhibit 

experiments on tube tests and endoprosthesis elements. The discussion and conclusions present the limitations of 

the present method and its contribution to the current inves-tigation. 

 

 

 

II. MATERIALS AND METHODS 
 

In polymer composite materials, the pulse-cracking technique is one of the main methods used to detect fatigue-induced 

damage induced by cyclic bending loading [1]. This research aims to detect microcracks using the Wavelet transform 

as a theoretical-experimental approximation tecnique. For experimental equipment, an ultrasonic pulse transmitter for 

double-crystal piezoelectric transducers was used. The block diagram is shown in Fig. 1. The transmitter is a device 

that generates a high negative-voltage pulse, which excites one of the crystals of the 5 MHz/2 MHz ultrasonic 

transducer. One of the crystals functions as a transmitter, and the other as a receiver. One advantage of this type of 

ultrasonic transducer is that crystals are independent. The duration of the high-voltage negative pulse should be as 

short as possible to achieve higher sensitivity and resolution. By decreasing the wavelength, it has better sensitivity to 

locate small discontinuities in the measurement, and it can also detect very close microcracks. 
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Fig. 1. Block diagram: (a) Ultrasonic pulse transmitter; (b) Ultrasonic transmitter equipment. 

 

The receiver equipment acquired the signal via the receiving piezoelectric transducer, which was further processed by 

a differential, variable-gain amplifier with signal adequacy. The signal adequacy is recorded via a data logger 

oscilloscope and processed in the computer using the signal processing system (Fig. 2). 

 

The methodology applied in this work is based on experimental tests conducted on various materials. The specimens 

used for this investigation consisted of a flat bar aluminum, a UHMWPE disc, and two endoprostheses. The flat bar 

aluminum is 9.56mm thick, with three central perforations of 1mm in diameter at different depths from the surface: 

2mm, 4mm, and 6mm. It was considered that the measurements of the three induced perforations at different depths 

could represent the defects that you want to detect by using the Wavelet transform. Measurements were carried out 

using the 5Mhz transducer.  
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Fig. 2. (a) Receiver equipment with signal adequacy; (b) Ultrasonic receiver equipment. 

 

To verify this methodology and measure accurately on the UHMWPE disc, a 2 MHz transducer was used, given that 

UHMWPE is a material that is more difficult to penetrate. The UHMWPE disc is 25.5 mm thick, with three central 

perforations of 1mm in diameter at different depths from the surface: 3mm, 8 mm, and 13 mm. 

 

 Previous measurements served as a basis for using it in an endoprosthesis. The last measurements were made on two 

total knee joint UHMWPE prostheses. A 2MHz transducer was used. The first total knee joint was new, and the second 

was removed from a patient. In none of them were perforations induced. It was measured directly, hoping to detect 

possible defects. 
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The signal processing system is carried out using the Microcrack View program, de-veloped in MATLAB®, through 

adaptive filtering, cross-correlation, and the Wavelet transform [35], (Fig. 3).  

 

 
(a) 

 

 
(b) 

 
Fig. 3. Processing System: (a) Program flowchart; (b) Graphical Interface. 

 

https://doi.org/10.46842/ipn.cien.v30n1a03
https://creativecommons.org/licenses/by-nc-sa/4.0/


 

 

 Científica, vol. 30, no. 1, pp. 01-13, January-June 2026,  

ISSN 2594-2921, Instituto Politécnico Nacional, MÉXICO 

e300103 | DOI: 10.46842/ipn.cien.v30n1a03 

 

Detection of Microcracks in Ultra-High Molecular Weight Polyethylene 
(UHMWPE) Endoprostheses Using Wavelet Analysisvertical 

I. Pérez Martínez, 
C. Murillo Martínez. 

 

 

7 

 

The Wavelet Transform is used to obtain a profile of the filtered output signal and to visualize the signal in time-

frequency simultaneously. 

 

𝐶(, s) = ∫ 𝑓(𝑡)
,s
∗ (𝑡)𝑑𝑡 =

∞

−∞
〈𝑓(𝑡),

,s
(𝑡)〉           (1) 

 

(t) is a variable-size window function that helps to analyze the signal of interest at different frequencies with different 

resolutions. The window size is large for low-frequency components and small for high-frequency components. 

 


,s

(𝑡) =  
1

√𝑠
  (

𝑡−𝜏

𝑠
)               𝜏, 𝑠   ℝ;   𝑠 > 0          (2) 

 

The wavelet transform helps to measure the degree of similarity between the signal of interest and a series of scaled 

(s) and translated () functions of the mother wavelet. The translation "" is related to the window's location since the 

window moves through the signal. This term corresponds to the information in the time domain of the transformation. 

The "s" parameter is a scale defined as the inverse frequency, which helps us to compress or expand the Wavelet. 

Wavelet compression compresses small time intervals in high-frequency regions of the analyzed signal, whereas 

expansion compresses long time intervals in low-frequency regions. The graphical representation obtained with the 

Wavelet Transform is shown in Fig.4. 

 

 

 
 

Fig. 4. Graphic representation of the Time-Frequency Wavelet Transform. 

 

 

III. RESULTS 
 

The specimens used for this investigation consisted of a flat bar of aluminum, a UHMWPE disc, and two 

endoprostheses. It was proposed to conduct tests on a 9.56 mm-thick flat-bar aluminum, with three central perforations 

of 1mm in diameter at different depths from the surface: A-2 mm, B-4 mm, and C-6 mm, Fig. 5. 

 

Measurements were carried out on the flat bar aluminum at three perforations at different depths, obtaining the 

following results (Fig. 6). The flaw echo indicates the depth of the borehole from the surface (direct wave) to the 

bottom (bottom echo). 
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Fig. 5. Thick flat-bar aluminum with three central perforations of 1 mm in diameter 

 at different depths from the surface: A-2mm, B-4mm, and C-6mm. 

 

 

 
 

Fig. 6. Perforations detection using the Wavelet Transform: (a) Depth of 2mm; (b) Depth of 4mm; (c) Depth of 6 mm. 
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For experimental testing of UHMWPE, a 2 MHz transducer is recommended for thick, highly attenuating materials or 

those with significant dispersion. Therefore, the experimental tests were carried out on a UHMWPE disc with a 

thickness of 25.5 mm, with three spaced perforations of 1mm in diameter at different depths from the surface: A-3 

mm, B-8 mm, and C-13 mm, obtaining the following results (Fig. 7). 

 

 

 
 

Fig. 7. Perforations detection using the Wavelet Transform: Depth of 3 mm; (b) Depth of 8 mm; (c) Depth of 13 mm. 

 

 

 

Measurements were made on two total knee joint UHMWPE prostheses. In the first endoprosthesis (Fig. 8a), no 

internal defect is detected between the direct wave and the back wall echo. However, in the second endoprosthesis 

(Fig. 8b), extracted from a patient, apparent pitting was observed on the material's surface, and, as with the first, no 

internal defect was detected. 
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Fig. 8. (a) New endoprosthesis detection using the Wavelet Transform; (b) Endoprosthesis extracted detection from  

a patient using the Wavelet Transform. 

 

 

IV. DISCUSSION 
 

The ultrasonic measurement system scheme and the signal processing technique are proposed to obtain a representative 

image of possible acoustic impedance contrasts in UHMWPE. The best option is X-ray computed microtomography, 

a non-invasive method for visualizing fatigue-induced wear. This technique obtains thin slices by scanning to build a 

3D image. This mapping provides information about microcracks in the subsurface. However, this effective technique 

has a high economic cost. In [10], an improvement to the Wavelet transform is presented for the echo impact method 

of non-destructive testing to measure thicknesses and their flight times using a single-crystal piezoelectric transducer 

to obtain the velocity and the longitudinal cross-section. These measurements obtain the material's elastic constants, 

its characterization, and the location of defects. However, electronics are more complex in this type of design. The 

equipment used is based on the pulse-echo method. A double crystal transducer was used. In this way, there is a card 
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for the transmitter (pulser) and another for the receiver. The ultrasonic measurement system has certain limitations 

regarding the quality of image detail tomography since only two piezoelectric crystals are used compared to Phased 

Array Ultrasonic Technology for sectorial scanning [5], which has a comb of piezoelectric transducers but successfully 

demonstrates the possible detection of microcrack emergence by using the Wavelet transform at a low cost. 

 

 

V. CONCLUSIONS  
 

This research provides an excellent opportunity to contribute to knowledge by applying signal processing techniques 

to the pulse-echo ultrasonic method, combining adaptive noise cancellation, cross-correlation, and Wavelet Transform 

techniques as a new methodology to non-invasively and inexpensively visualize the emergence of microcracks in 

UHMWPE endoprosthesis. In this research, the use of ultrasonic measurement equipment based on the pulse-echo 

technique, one of the most widely proven ultrasonic techniques, was proposed. The results of this research make an 

essential contribution to the detection of microcracks in UHMWPE using the wavelet transform, yielding a 

representative image in time and frequency. The image obtained from the experimental measurements allows 

visualization of the acoustic impedance contrasts and the depth at which the microcracks appear. The image result 

depends mainly on the selected mother wavelet. The echo amplitudes depend on the signal's intensity from the 

medium's acoustic impedance contrasts. 
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