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Abstract. Clinical problems following total hip replacement surgery,
such as dislocation and implant wear, remain as significant clinical prob-
lems with many contributing factors. Although it is intuitive to surgeons
that acetabular component alignment is one important factor, large clini-
cal series have produced conflicting results with respect to cup alignment
as a risk factor in predisposing to dislocation. One reason is that postop-
erative measurements of alignment are limited to single or biplanar ra-
diographic measurements. However, the radiographic measurements are
limited only to radiographic alignment and may not accurately detail true
anatomic orientation of the cup. In this paper, software designed to accu-
rately measure radiographic alignment is described. Postoperative mea-
surements using this system are compared to the actual intraoperative
measurements of cup orientation determined by the HipNavTMimage-
guided surgical system to assess the accuracy of radiographic evaluation
of cup orientation.

1 Introduction

Orientation of implant system components during total hip replacement (THR)
surgery is a key factor in success of the procedure. Implant dislocation following
THR ranges between 1 and 5% [1,2] and represents a significant cause of early
failure, incurring additional costs to the total surgery expenses. The causes of
dislocation are related to factors such as surgical approach, soft tissue tension,
and prosthetic design. One possible dislocation mechanism is the impingement of
prosthetic components, in which the implant neck hits the rim of the acetabular
liner and levers the head out of the socket[3]. In addition to dislocation, implant
impingement causes excessive wear of the cup liner and creation of debris, a
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contributor to implant loosening via bone resorption. Proper alignment of im-
plant components, which is patient and implant specific, reduces the incidence
of impingement and reduces the risk of associated complications.

Previous studies have tried to correlate acetabular implant position to dis-
location rates. Some researchers have proposed a “safe zone” of cup placement
that may lead to minimize the risk of dislocation [4]. Other large clinical studies
found no relationship between dislocation and implant placement [5].

Planar radiographs are inexpensive, widely available, and have superior reso-
lution compared with other imaging techniques, and are therefore a preferred tool
for post-operative evaluation. This study presents “CupAlign”, a new method-
ology for computer-assisted measurement of cup orientation from radiographs
after total hip replacement surgery, and compares its postoperative measure-
ments with intraoperative measurements collected with an image-guided surgical
navigation system. The HipNavTMsystem [6] provides surgeons with the tools
to place the cup precisely within the pelvis and measure its position relative to
the pelvic anterior plane (i.e. the plane containing the two anterior iliac spine
points and the anterior pubis symphysis points) which is generally oriented verti-
cally when the patient is standing. The HipNavTMmeasurement of true anatomic
alignment is used in this study to evaluate the results obtained by radiographic
techniques for postoperative measurement of cup alignment.

2 Methods

During all surgeries in this study, the acetabular cup was placed in the posi-
tion selected in the preoperative plan using the HipNavTMimage-guided system.
Postoperatively, AP radiographs were taken at one and three months. Digitized
radiographs are analyzed to reconstruct the position of the cup based on its
projected shape using a computer-assisted procedure described below. The mea-
surements are compared to the ones made with the HipNavTMsystem, in which
the cup orientation is precisely measured intraoperatively, and expressed relative
to the pelvic anterior plane.

2.1 Computer-Assisted Measurement Procedure

After the radiograph is taken, it is digitized using a flatbed scanner. The dig-
ital image is loaded by the cup alignment measurement software (CupAlign).
CupAlign allows a surgeon or technician to digitally mark landmarks on the
radiographic image using a simple interface (Figure 1).

The first step determines the center of the x-ray beam relative to the radio-
graph. Metal markers are placed on the patient prior to imaging. The markers
denote the central axis of the beam. The distance of the film to the x-ray source
is entered to CupAlign as well. This defines the exact position of the x-ray source
relative to the radiographic film. With this position, the proper projected images
of arbitrary objects in the x-ray beam can be determined.
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Fig. 1. CupAlign screenshot.

Next, the transverse plane is defined using standard radiographic landmarks
of the pelvis, such as the “teardrops”. This gives an estimate of rotation of the
patient pelvis in the radiographic plane. With that rotation estimate, an object’s
position relative to the pelvis can be determined, provided the position relative
to the radiograph is known.

Since the cup diameter is known, we can then manipulate the position of a
virtual sphere with the cup’s diameter in radiograph space. CupAlign calculates
the projected image of the sphere, and overlays that image on the digitized
radiograph (Figure 2). Once the size and shape of the sphere’s projection matches
the cup on the radiograph, the position of the virtual sphere in radiographic space
is the same as the position of the cup during the x-ray imaging.

Once the position of the cup center in space is determined, the user can
rotate a model of the cup (from CAD data) about its center until the calculated
projection of its characteristic features matches the image in the radiograph
(Figure 2). When there is a match, the orientation of the cup relative to the
radiograph during the imaging is known. Because we know the position and
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orientation of the pelvis relative to the radiograph as well, we can determine the
cup position in the estimated pelvic reference frame.

Once all components are located, CupAlign reports a listing of the relevant
data in a text file that can be easily parsed by other software packages. The report
includes information describing pelvic abduction relative to the radiograph, x-
ray source location relative to the radiograph, and cup position and orientation
relative to the estimated position of the pelvis.

For this study, CupAlign was used to determine the postoperative alignment
of the cup in 22 HipNavTMcases. One technician performed the measurements
in all cases to eliminate cross-user measurement error. In order to determine the
reliability of orientation information retrieved from standard radiography, the
results of the postoperative CupAlign analysis were compared with the actual
intraoperative measurements.

Fig. 2. Placement of the cup in CupAlign. First the position is determined by
projecting a sphere with the same size as the cup onto the x-ray film plane and
manipulating the location of the sphere (a). The orientation is then determined
by matching a projection of a CAD model of the cup’s distinguishing features
on the image(b).

3 Results

Twenty-two of the initial 45 HipNavTMcases had data including one and three
month radiographs available for study. CupAlign was used to determine the
postoperative alignment of the cup in all cases. One technician performed the
measurements in all cases to eliminate cross-user measurement error.

Figure 3 displays the inter-radiograph position variation. For each case, the
X-value of the data point on the graph represents the change in cup flexion, and
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Fig. 3. Change in cup orientation measurement (in degrees) between radiographs
taken at one and three months.

the Y-value represents the change in cup abduction. The mean changes in abduc-
tion and flexion were -.1◦and -1.1◦, with standard deviations of .96◦and 3.85◦,
respectively.

The variations between intraoperative and radiographic measurements for
both the one and three month groups are presented in Figure 4. (The values in
the graph are intraoperative values minus the postoperative values). For the one-
month radiographs, the mean change in abduction from the final intraoperative
measurement to the CupAlign measurement was 1.2◦, with a standard deviation
of 3.0◦. The flexion change mean was 7.4◦with a standard deviation of 9.4◦.
Similar results were found when analyzing the three-month radiographs. The
abduction changes had a mean of 1.2◦with a standard deviation of 2.8◦. The
flexion changed an average of 6.5◦with a standard deviation of 8.8◦.

4 Discussion and Future Work

The minimal change in cup abduction between radiograph measurements is evi-
dence to the repeatability and relative accuracy of abduction measurements with
this technique. The variation in cup flexion can be attributed to slight differences
in the orientation of the pelvis (flexion and anteversion) relative to the x-ray film
from the one month to three month radiographs. Because projection matching
is a manual process, human error is also a factor in all measurements.

However, there was a significant variation between intraoperative and all
postoperative radiographic measurements for the evaluated cases. Intraoperative
measurement of cup orientation with the HipNavTMsystem is expressed relative
to the pelvic anterior plane, which represents standing neutral pelvic flexion.
The variations of cup positions (especially cup flexion) from neutral position
are mostly attributed to patient-to-patient differences in pelvic position during
imaging. Therefore, without additional controls and measurements of the relative
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Fig. 4. Difference in cup orientation (in degrees) between intraoperative and
postoperative measurements for (a) radiographs one month after surgery and
(b) radiographs three months after surgery.

orientation of the pelvis, radiographic measurements are not a reliable method
to evaluate cup orientation, especially anteversion alignment. Improvements can
be achieved by carefully aligning the neutral plane of the pelvis at the time the
radiographs are acquired, or by developing improved techniques for radiographic
interpretation of pelvic orientation. Because we measure the cup flexion as well as
the more traditional measure of cup anteversion, we can get an estimate of pelvic
flexion for each patient, an initial step in understanding functional positions of
the pelvis.

In future research, the location of the femoral component head and stem could
be calculated in a similar fashion in future versions of CupAlign. Knowledge
of postoperative femoral head location relative to the center of the cup liner
could be used to estimate wear of the polyethylene liner. Future studies will also
address measurement of pelvic position during x-ray acquisition (via automated
2D to 3D registration of the pelvis to the radiographic reference frame) and
validity of radiographic landmarks.
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