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Introduction

Dual mobility concept has been successful in improving the range of motion and reducing the number of dislocations of total hip arthroplasty. The prosthesis is composed of a femoral head, an insert and a shell placed in the pelvis. It has been shown that during normal activity of the hip, the major motion of the prosthesis occurs between the femoral head and the inner surface of the insert, but there is still little motion between the insert and the shell [1,2]. Several studies have tried to illustrate the behaviour of total hip prosthesis using standard radiography on patients [3], motion analysis [4] or stereo camera [2] on isolated prostheses, however the behaviour of dual mobility implant remains unclear. Therefore, the global aim of our work is to propose the use of the non-invasive ultrasound technique to assess the in vivo behaviour of a dual mobility implant. The proposed method to monitor a dual mobility implant is presented and validated using an isolated prosthesis.

Methods

A 3D ultrasound probe (Aixplorer®, Supersonic Imagine) that enables the acquisition of ultrasound images in 3 perpendicular planes was used (figure 1). Five ultrasound acquisitions of the implant immersed in water were realized. For each acquisition the insert position relative to the shell position was different. The acquired ultrasound images were used to reconstruct the position of the 3 parts of the implant thanks to a custom made mathematical algorithm. Together with the ultrasound acquisitions, 3D acquisitions of the implant in the same positions were performed using a laser scanner (NextEngine 3D scanner), and used as a reference for the comparison with ultrasound measurements. Indeed, in order to check the ultrasound method's reliability, the diameters of each part of the implant -47 mm for the shell, 41 mm for the insert, 28 mm for the femoral head -and the angle between the plane of the shell and of the insert (figure 2) were compared to the 3D scan measurements.

Figure 2: Angle between insert and shell planes

Results

Diameters of each part of the implant obtained with ultrasound method were in average 3,2 mm for the shell (7% error), 2 mm for the insert (5% error), and 2,7 mm for the head (10% error) different from the exact parts' diameters. The average difference between the θ angle measured with the 3D scan and with the ultrasound method was 2,2°.

Discussion

Considering the range of motion of a total hip arthroplasty -90° to 114° of flexion, 16° to 24° of abduction, and 11° to 19° of external rotation [5], and that the value of 5° is usually used as a threshold to define a change in position of an element between two images, the proposed ultrasound method and associated algorithm can be considered reliable to monitor a dual mobility implant in vitro. The next step will be to evaluate the method in vivo, on patients during daily life activities. This will allow clinicians to better understand how dual mobility implants behave in vivo compared to standard implants.
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 1 Figure 1: Ultrasound acquisition with the three images in perpendicular planes showing the three parts of the implant.
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