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ABSTRACT

AIM: Measurement of the acetabular cup orientation is critical
in patients after total hip arthroplasty (THA). One important
measurement is the acetabular abduction angle. The purpose of the
present study was to compare the measurements of the acetabular
abduction angle using radiographic analysis software with the
measurements made by computed tomography (CT) analysis
software.

METHODS: CT scans and radiograph exams were performed
on 150 patients after THA. The acetabular abduction angle was
measured from CT using CT-based image analysis software and
from radiographs using the dedicated measurement tools of digital
radiographic software.

RESULTS: The two measurement systems showed no significant
difference in the calculation of the acetabular abduction angle
(0.35+£5.41°; p=0.425) and a moderate correlation was found
between the two methods (=0.619; p<0.001).

DISCUSSION: Digital radiographic software provides an accurate
and precise measurement of the acetabular abduction angle.
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INTRODUCTION

Measurement of the acetabular cup orientation is critical in patients
after total hip arthroplasty (THA). Poor cup orientation was found to
correlate with pain, excessive wear and instability!'™. Cup abduction
angle (CAA) is an important aspect of cup orientation that can be
measured using either radiographs or computed tomography scans
(CT).

Traditionally, CAA measurement has been carried out manually
using a goniometer on printed radiographic images'>”. CT scans
can also be used to determine acetabular orientations™>'>'". CT
methods have been shown to have high precision, and, although not a
gold standard, are considered to be the most accurate method to date

1134 Nevertheless,

of determining cup orientation postoperatively
there are several downsides to CT, such as the greater complexity
of the analysis, high cost, low availability and time needed for the
analysis™"*.

In recent years, digital imaging software for the analysis of
radiographs has been developed and has gained tremendous support
due to its success in precise preoperative planning for THA®'*. Such
software incorporates dedicated tools for the measurement of CAA.
The accuracy of the software in measuring the CAA, however, has
not yet been thoroughly examined.

The purpose of the present study was to compare the accuracy of
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digital imaging software tools for determining CAA in comparison to
CT-based measurements.

METHODS

This was a retrospective study on consecutive patients that underwent
THA between the years 2002 to 2006 at the Hadassah Mount Scopus
Hospital. The study was approved by the local ethical committee (IRB
No. 0385-11). We identified patients that underwent a postoperative
CT scan containing the pelvis as well as a postoperative pelvic AP
radiographic image. CT scans were preformed due to a variety of
reasons in the days, months or years after surgery. Most of them
are carried out due to non-orthopedic indications (i.e. suspected
pulmonary embolism, pelvic and abdominal pathologies and other).
Only patients with CT scans that provided enough data to enable
analysis of the acetabular cup orientation were chosen.

The CT scans were carried out using a GE Light Speed VCT (GE
Corp, Fairfield, CT, USA). CT image data for each patient were
analyzed using the Amira® visualization and analysis software (Amira,
Visualization Sciences Group, Burlington, MA, USA). The software
allows for the calculation of the abduction angle of the acetabulum in
each patient by a method described previously by Lubovsky et al'™”
(Figure 1).

Anterioposterior radiograph projections were taken with a film-
focus distance of 1,000 mm. The central beam was directed at the
pubis. All radiographs were processed using the TraumaCAD" digital
software system (TraumaCad, Voyant Health, Petah Tikva, Israel).
The software was used to measure the CAA in each patient by
calculating the angle between the horizontal inter-teardrop line and
the cup with a dedicated tool (Figure 2).

Statistics

Data distributions were examined using Kolmogorov-Smirnov tests
for normality. T-tests were used to examine the difference between
digital radiographic measurements and CT-based measurements.
Pearson correlation coefficients were determined for the relationship
between system measurements. Additionally, the angle differences
were measured as a function of angle size using a correlation and
regression analysis. Significance was set at p<0.05. All statistical tests
were performed using SPSS” v. 17 (SPSS Inc, Chicago, IL, USA).

RESULT

A total of 980 underwent THA during the study period. We identified
62 patients that had both postoperative a CT scan and a digital
radiograph of the pelvis. This study cohort consisted of 47 females
and 15 males, with a mean age of 67.2+12.8 years.

The average angles and angle differences between digital
radiographic and CT-based measurements are presented in table
1. There was a non-significant average difference of 0.35+5.41°
between radiographic and CT-based abduction angle measurements
(p=0.425; Figure 3). There was a significant moderate correlation
between angle measurements of both systems (=0.619; p<0.001;
Figure 4). The difference in abduction angles between systems
showed a low correlation with angle size (r=-0.391; p<0.001; Figure
5), with a regression slope of -0.35.

DISCUSSION

In our study, the digital radiographic measurements of CAA with
dedicated software were not significantly different from CT-
based measurements. The range of error was also relatively small,
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Figure 1 CT-based image analysis software (Amira®) measurement of
acetabular cup abduction angle.

Figure 2 LegendDigital radiographic software (TraumaCAD®) measurement
of acetabular cup abduction angle.

Differences in degree antenersion (degrees)

Difference in Acetabular Cup Angle Measurements

Figure 3 legendBox plots of the differences between radiological and CT-
based acetabular cup abduction angles (Difference: Digital radiographic
measurement - CT-based measurement). Box boundaries represent the
25th and 75th percentiles, respectively. The lines within the box represent
median values, and the whiskers above and below the boxes represent the
90th and 10th percentiles, respectively.
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Figure 4 Correlation between digital radiographic measurements and CT-
based measurements of acetabular abduction angle
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y=-0.3498x + 16,511
R*=0.15272

Differences in abduction angle (deg.)

abduction as measured by CT (deg.) .

Figure 5 legendCorrelation between differences between system
measurements and CT-based measurements of acetabular abduction angle.

suggesting a high degree of precision. These findings are supported
by the moderate correlation observed between the measurement
systems. A previous study by Kalteis ef a/ measuring abduction angle
on printed radiographs showed a non-significant difference error
of 0.54+2.94° in abduction angle compared to CT™. This is a very
similar finding to that in the present study.

The present study also examined the correlation between angle
difference and the CT-based angle measurements. A low correlation
and regression slope were found for abduction angle. Considering
the results shown in figure 4a, it appears that the greatest precision
occurred at abduction angles of approximately 45°. This is
noteworthy, since the technique for measuring acetabular abduction
angle is similar in most centers and has been considered relatively
robust. This should be examined using other tools to determine if
this trend in error in radiographic abduction angle measurements
is universal. As a whole, however, the digital radiographic
measurements of acetabular abduction angle compare well to CT-
based measurements. This is a good indication that measuring the
abduction angle using digital radiographs will provide a relatively
accurate measure of the true angle.

There are several limitations to the present study. Firstly, the
acetabular cup orientation has a variety of other measurements in the
three-dimensional space. Secondly, CT-based calculations of CAA
were used for comparison with the radiographic calculations. CT-
based calculations are not true measurements of CAA, but have been
shown in previous studies to be of high accuracy™**”. Thus, the CT
scan was assumed to be a valid reference tool for determining the
accuracy and precision of the digital radiographic measurements.
Thirdly, the study was limited to one type of prosthetic and one
type of digital imaging software tool for radiographic analysis
(TraumaCad®), and therefore we cannot be sure if our observations
are generalizable to all radiographic digital imaging software.

CONCLUSIONS

The study results are noteworthy, considering the ubiquity of
radiographic digital imaging software analysis in the medical
workplace. Digital radiographic software provides an accurate and
precise measurement of the acetabular abduction angle. Clinicians
employing these tools must be aware of their accuracy and

precision.
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