A Numeric/Symbolic Tool in Total Hip Arthroplasty

G. Spaletta^∗ N. Sabbi^† L. Guidotti^‡ F. Fabbri^§

30 September 1999

In these last ten years, a continuous refinement of surgical and anaestesiological techniques has taken place, together with the introduction of new materials and new methods for treating the material itself and the finished products. This has allowed a swift rise in the number of total hip arthroplasty operations: in the sole of our country, more than twenty thousands operation per year are performed.

Monitoring the result of a surgical operation is of maximal importance, both to evaluate the condition of the prothesis itself, its successful stability, or to promptly diagnose the necessity for a correction. To meet this need, at the Rizzoli Orthopedical Institutes a software system is under development; in particular, the accurate detection of the acetabular cup through its radiographic evaluation, is under study and constitutes the motivation for this work.

We exploit the symbolic resources and the graphical capabilities of a system such as Mathematica, to simulate a problem model and validate numerical results obtained on real data. The model naturally leads to an ill-conditioned, overdetermined system, in which both the matrix and the know-term entries are affected by measurement errors. A C implementation of a least squares fitting method is then provided; results are reported, related to a set of real data problems, solved on a XP1000 CompaQ workstation.

References

[1] A. Bjorck, Numerical Methods for Least Squares Problems, SIAM, Philadelphia, 1996.

[2] A. W. Fitzgibbon, M. Pilu, R. B. Fisher, Direct Least Squares Fitting of Ellipse, IEEE PAMI, to appear, 1999.

[3] W. Gander, G. H. Golub, R. Strebel, Least-Squares Fitting of Circles and Ellipses, BIT, Vol. 34, N. 4, pp.

558 – 578, 1994.

[4] P. Lancaster, K. Salkauskas, Curve and Surface Fitting: An Introduction, Academic Press, London, 1986.

[5] D. F. Rogers, J. A. Adams, Mathematical Elements for Computer Graphics, McGraw-Hill, New York, 1990.

[6] T. W. Sederberg, D. C. Anderson, R. N. Goldman, Implicit Representation of Parametric Curves and Surfaces, Computer Vision, Graphics and Image Processing, Vol. 28, pp. 72 – 84, 1984.

[7] S. Van-Huffel, J. Vanderwalle, The Total Least Squares Problem: Computational Aspects and Analysis, Vol.

9, Frontiers in Applied Mathematics, SIAM, Philadelphia, 1991.

[8] J. M. Varah, Least Squares Data Fitting with Implicit Functions, BIT, Vol. 36, N. 4, pp. 842 – 854, 1996.

[9] T. Wickham-Jones, Mathematica Graphics, Telos, Springer-Verlag, Santa Clara, California, 1994.

∗Dipartimento di Matematica, Università di Bologna, spaletta@dm.unibo.it. †Dipartimento di Scienze dell’Informazione, Università di Bologna, sabbi@cs.unibo.it. ‡Dipartimento di Matematica, Università di Bologna, guidotti@dm.unibo.it. §Istituti Ortopedici Rizzoli, Bologna, fabbri@tecno.ior.it.