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Abstract

Radiostereometric Analysis (RSA) is the gold standard used to evaluate the
performance of Total Joint Replacement. However, the assessment of novel surgical
procedures is limited by the present accuracy and precision of RSA. At the same time,
complications in the measurement of RSA radiographs confine its large-scale clinical
application. The objective of this project is to increase the accuracy and precision of the
RSA technique and improve its measurement efficiency. An enhanced calibration cage
for RSA was developed by using numerical and image simulations. The phantom study
showed that the novel cage has significant improvement of accuracy and precision over
two widely used cages. By implementing and modifying existing algorithms, a new
measurement program for RSA radiographs was also developed. The program
demonstrates equivalent accuracy and precision, and improved user-friendliness,
compared to two commercial software applications. The results of this study provide a

novel, enhanced RSA technique.

Keywords: Radiostereometric Analysis, accuracy, precision, calibration cage, numerical

simulation, computer-synthetic, digital measurement, image processing.
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1 Introduction

1.1 Background

1.1.1 History of RSA

Radiostereometric Analysis (RSA, Radiostereometry, or Roentgen Stereophoto-
grammetric Analysis) was introduced by Goran Selvik in 1974, as an accurate method for
measuring the three-dimensional (3-D) position of an object using roentgen rays (Selvik,
1974). Since its introduction, the RSA method has been subjected to several amendments
to improve its performance (Soderkvist and Wedin, 1993; Nystrom et al., 1994; Ostgaard
et al., 1997; Valstar et al., 2000; Borlin et al., 2002). These enhancements helped to
transform it from a complex laboratory research technique to an efficient clinical
evaluation tool.

By combining the principle of analytic photogrammetry with rigid-body theory,
RSA has been proved to be the most accurate, non-invasive radiographic method to
determine micromotions between skeleton segments (Karrholm, 1989; Kérrholm et al.,
1997; McCalden et al., 2005). Based on its outstanding capability, RSA has several
applications in orthopaedics, pediatrics, odontology and plastic surgery, oncology,
rheumatology, anesthesiology, neurosurgery, and hand surgery (Kérrholm, 1989). Most
of these studies utilized RSA to assess the micro-movements among bony structures, but
it also demonstrated the ability to estimate tumour volume in oncology (Trope et al.,
1978). It has been used in animal research to evaluate the performance of hip
replacements (Allen et al., 2004).

RSA was originally employed as a research method and clinical tool in Sweden
and other Scandinavian countries. It has now become accepted more extensively in North
America. World wide, more than 5,000 patients have participated in RSA studies and
over 300 scientific papers have been published since the establishment of the RSA

technique (Valstar et al., 2005).
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1.1.2 Applications of RSA in orthopaedics

The most popular area of RSA practice is orthopaedics; it has been successfully
used in orthopaedics for years. RSA studies have been carried out on numerous topics in
orthopaedics, including prosthetic fixation, joint stability and joint kinematics, fracture
stability, skeletal growth, vertebral motion, and spinal fusion (Karrholm et al., 1997;
Valstar et al., 2005). Even though RSA has been applied to different areas, its practices
focus on assessment of Total Joint Replacement (TJR), which includes estimation of
implant micromotion, and the measurement of polyethylene wear.

1.1.2.1 Total joint replacement

TJR is the most important and effective treatment for osteoarthrosis. In Canada,
the number of TJRs performed in 2004-2005 was 58,714; this represents a ten-year boost
of 86.6% from 31,463 in 1994-1995 and a one-year increase of 9.7% from 53,517 in
2003-2004 (Canadian Joint Replacement Registry, 2006). Among all the hip and knee
arthroplasty performed in 2004-2005, revision surgery due to the failure of the primary
operation accounted for about 9% of all TJRs. Revision surgery not only causes patients a
great deal of pain, but it also increases the surgical costs. Patients and the health care
system could benefit significantly by improving the performance of TIJR.

The main reasons for the failure of TIR treatment are aseptic loosening and
polyethylene wear (Canadian Joint Replacement Registry, 2006). To help surgeons select
the most appropriate surgical techniques and materials for TJR, and consequently
improve its performance, it has been suggested that these techniques and materials should
be evaluated before use in large-scale clinical applications (Gross, 1993; Huiskes, 1993).

Unfortunately, regular assessment studies are not suitable in this case, due to the
large number of subjects needed and lengthy duration of the studies (Thistlethwaite,
2002). It 1s inappropriate to treat patients using a technique or material that is still under

study. Moreover, the usual follow-up time of 10-15 years (Mékinen et al., 2004) is too
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