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Abstract

The widely used procedure of evaluation of cup
orientation following THA using single standard
anteroposterior radiograph is known inaccurate,
largely due to the wide variability in individual pelvic
position relative to X-ray plate. 3D-2D image
registration methods have been introduced to estimate
the transformation between a CT volume and the
radiograph for an accurate estimation of the cup
orientation relative to an anatomical reference
extracted from the CT data. However, the robustness
of these methods is questionable. This paper presents
a robust image similarity measure which is derived
from a variational approximation to mutual
information and allows for incorporation of spatial
information via energy minimization. Experimental
results on estimating cup alignment from single X-ray
radiograph with gonadal shielding demonstrate the
robustness and the accuracy of the present approach.
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1. Introduction

Two-dimensional (2D) anteroposterior (AP) pelvic
radiographs, despite their inferior accuracy in
comparison to three-dimensional (3D) techniques
based on computed tomography [1], are the standard
imaging method for the evaluation of cup orientation
following total hip arthroplasty (THA) [2][3], largely
due to the simplicity, availability, and minimal
expense associated with acquiring these images. While
plain pelvic radiographs are easily obtained, their
accurate interpretation is complicated by the wide
variability in individual pelvic position relative to the
X-ray plate [1] (see Figure 1 for a detailed
explanation). In THA, increased pelvic tilt results in a
significant decreases in apparent prosthetic cup
anteversion and vice versa [4]. These position
variations affect the accuracy of studies correlating
cup position to instability, wear, and osteolysis.
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Figure 1. Two angles (o =anteversion, £ =inclination) describe the cup orientation (left image),

which are measured relative to the anterior pelvic plane. These standardized values significantly
differ from the cup orientation (¢, 5’) calculated out of the AP radiograph using the method from

[2] as shown in the right image, where CD L AB, [, =1/5l,;,, « = arcsin( I, /(0.4],;)) . The
white, ellipse-shaped area in the middle of the radiograph is caused by the gonadal shielding.
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radiograph is shown in Figure 2, left. The right image
of Figure 2 shows the result of the intensity-based 2D-
3D registration. The edges extracted from the DRR are
superimposed onto the X-ray radiograph. An accurate
matching between the X-ray radiograph and the DRR
was observed.

To quantitatively evaluate the measurement
accuracy of the proposed approach, a cadaveric pelvis
and an all polyethylene acetabular component (Charles
F. Thackray, Leeds, UK) were used. Before the
prosthesis was implanted, we did a CT scan of the
cadaveric pelvis. After the prosthesis was implanted,
we took 9 radiographs by putting the pelvis in
different tilt and rotation positions relative to the X-ray
plate. To get the ground truth about the prosthesis
orientation relative to the anterior pelvis plane of the
cadaveric pelvis, we did another CT scan of the pelvis
after the prosthesis was implanted. Custom-made
software was used to extract the ground truth from the
second CT scan. To simulate the occlusion caused by
gonadal shielding, we intentionally set a region
covering 1/5th-1/3th of the valid image area of each
radiograph with constant gray value. We then used
each one of these radiographs together with the first
CT scan to estimate the prosthesis orientation. The
differences between the radiographic measurements
and the ground truths, and the differences between the
estimated angles using the 3D-2D registration method
and the ground truths are recorded. Differences of
(11.9+£7.0)° were found for the anteversion and
differences of (1.8+1.6)° was found for the inclination
when the radiographic measurements were compared
to the ground truths. Our finding is coincident with a
recently published finding [1] that radiographic
measurement of anteversion is unreliable. With the
robust intensity-based registration, the differences
were reduced (2.6+2.0)° for anteversion and (1.1+0.7)°
for inclination.

Figure 2. Left image: the input X-ray
radiograph; right image: the result of the
robust intensity-based 3D-2D registration.

4. Conclusions

In this paper, we presented a robust 3D-2D image
similarity measure derived from the variational
approximation of mutual information. Our
experimental results on estimating the cup orientation
from single standard radiograph with gonadal
shielding demonstrated the robustness and accuracy of
the present approach.
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