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Abstract

Background Acetabular component position is associated

with joint function and bearing wear. Current techniques

for determining acetabular component version on standard

radiographs lack reliability. Other, more consistent

techniques are time-consuming and require additional

equipment or software.

Questions/purposes We compared three methods of

acetabular component position assessment: (1) Einzel-Bild-

Roentgen-Analyse (EBRA), (2) Woo and Morrey, and

(3) the new ischiolateral method.

Patients and Methods We assessed axial component

position for 52 hips, with at least three radiographic series,

using EBRA, and on true lateral radiographs using the Woo

and Morrey method and a new method that uses the

ischium as a skeletal landmark, the ischiolateral method.

Results The mean SDs of the ischiolateral (2.15�) and

EBRA (2.06�) methods were lower than that of the Woo

and Morrey method (3.65�) but were not different from one

another. We observed a SD of greater than 4� in 19 (36.5%)

hip series using the Woo and Morrey method, compared to

six series (11.5%) for both the ischiolateral and EBRA

methods. Twenty-four (12.6%) Woo and Morrey mea-

surements were greater than 4� from the mean for the hip

series, compared to seven (3.8%) for ischiolateral and nine

(4.7%) for EBRA. The intraclass correlation coefficients

for intra- and interobserver reliability for the ischiolateral

method and EBRA were the same (0.9).

Conclusions Referencing the ischium standardizes pelvic

position on each lateral radiograph and provides a simple

and reliable means to assess axial component position,

which is a surrogate for the planar anteversion measured

by EBRA.

Introduction

For all bearings, both the acetabular component lateral

opening angle and the acetabular component version have

been related to multiple clinical outcome measures,

including ROM, stability, wear, squeaking of ceramic-

ceramic bearings, ion levels in metal-metal bearings, and

clinical failure [2, 7–11, 18, 19]. Plain radiographs remain

the primary skeletal imaging modality for arthritis and the

postoperative assessment of total joint arthroplasty. Sur-

geons commonly measure the acetabular component

abduction or lateral opening angle on an AP projection as

the angle between the interteardrop line (a skeletal refer-

ence on the image) and the line tangent to the opening of
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the acetabular component [12]. The method and validity of

edge detection software (Einzel-Bild-Roentgen-Analyse

[EBRA]; University of Innsbruck, Innsbruck, Austria) have

been previously reported [8]. EBRA is a valid method of

acetabular component position assessment (abduction

angle and version) on digital AP films but is not available

to all practitioners and is relatively time-consuming. Fur-

ther, it is difficult to distinguish a small degree of

anteversion from a small degree of retroversion with

EBRA, but it is obvious on a true lateral radiograph [9].

Murray [14] defined three types of anteversion: ana-

tomic, radiographic, and direct observation at surgery. True

lateral radiographs, as described by Johnson [5] and

Danelius and Miller [3], display the hip and pelvis at 90�
from the AP radiograph and are used to assess the anterior

(or posterior) opening angle of the acetabular component,

which is a surrogate for version [8, 12, 20]. This projection

shows the component position in the axial plane and the

potential for femoral-acetabular impingement, which

influences ROM and joint stability [3, 5, 6]. Further, this

projection shows femoral-acetabular meeting at 90� from

the AP radiograph for the assessment of the bearing contact

area [9].

The Woo and Morrey [20] method measures component

position on true lateral radiographs as the angle formed

when a tangential line to the opening of the acetabulum and

a line drawn perpendicular to the horizontal edge of the

radiograph intersect (Fig. 1). Pulos et al. [16] demonstrate,

similar to what is commonly done with the interteardrop

line on AP films, the long axis of the ischial tuberosity is

used as a skeletal landmark on a true lateral radiograph. The

ischiolateral method improves measurement consistency by

reducing variation due to pelvic position of the radiograph.

While the ischiolateral method is reportedly more con-

sistent than the Woo and Morrey method [16], it has not

been compared to modern measurement tools, such as

EBRA. Similarly, while the validity of EBRA has been

reported in the literature [8], it has not been directly

compared to other methods. We therefore compared three

methods of acetabular component position assessment:

(1) EBRA, (2) the Woo and Morrey method [20], and

(3) the ischiolateral method [16].

Patients and Methods

We analyzed all 52 hips in 51 patients implanted with the

same cobalt-chromium alloy hip resurfacing prosthesis

with a cementless acetabular component (ASRTM; DePuy,

Leeds, UK) implanted between November 8, 2004, and

June 25, 2007. Each hip had at least three postoperative

radiograph series, including an AP pelvis and a Danelius-

Miller [3] true lateral, taken at different times (approxi-

mately 6 weeks, 6 months, and 1 year postoperatively).

Thirty-four of the 52 hips had a fourth examination at

about 2 years postoperatively. There were 31 men and

20 women.

The EBRA software package determines acetabular

component position via edge detection on the AP pelvis

radiograph. Using multiple points from the peripheral

surfaces of the femoral and acetabular components, EBRA

creates an acetabular component ellipse with a center that

overlaps the center of rotation. The software calculates a

measurement for both acetabular inclination and version.

For the Woo and Morrey method, we drew two lines on

a Danelius-Miller lateral radiograph. We drew the refer-

ence line perpendicular to the horizontal plane or border of

the radiograph and drew the second line as a tangent to the

opening of the acetabular component. Then, we measured

the angle between these lines to determine axial acetabular

component position (Fig. 1) [20].

For the ischiolateral method, we drew the reference line

perpendicular to the long axis of the ischial tuberosity on

the Danelius-Miller [3] lateral radiograph. We drew the

tangent to the opening of the acetabular component the

same as the Woo and Morrey method [20] described and

measured the angle between these lines to determine axial

acetabular component position (Fig. 1) [16].

We analyzed a total of 190 lateral and 190 AP radio-

graphs. A single observer (NP) measured acetabular

component position for each of the three methods for each

radiographic series. For each hip, the observer calculated a

mean component position angle and SD for each method

using the corresponding radiograph taken at different

times. In seven (3.7%) films, the ischiolateral method could

not be used to measure the angle. For five (2.6%) of these,

Fig. 1 This radiograph shows the Woo and Morrey method for

determining component position using the horizontal film edge as the

reference. The ischiolateral method uses the long axis of the ischium.

Reproduced from Pulos N, Tiberi JV 3rd, Schmalzried TP. Measuring

acetabular component position on lateral radiographs: ischio-lateral

method. Bull NYU Hosp Jt Dis. 2011;69(Suppl 1):S84–S89. With

permission.
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the ischial tuberosity was outside the image. For the other

two (0.5%), we could not clearly see the ischial tuberosity

due to insufficient contrast. For each projection, we ran-

domly selected 50 radiographs, which were reevaluated by

the original observer at a separate setting and then assessed

in the same way by a different observer (MK). We

evaluated intra- and interobserver reliability for each

method using the intraclass correlation coefficient (ICC)

[17]. Three separate linear regression analyses were per-

formed to evaluate corresponding measurements between

techniques.

We used a paired two-sample t test with a hypothesized

mean difference of zero to compare each method to the two

other methods.

Results

The Woo and Morrey method had a higher (p \ 0.001)

mean SD of the anteversion measurements than both the

ischiolateral and EBRA methods. The mean SDs of the

ischiolateral and EBRA methods, however, were similar

(p = 0.78) (Table 1). Using the Woo and Morrey method,

there were far more radiographic series with anteversion

measurement SDs of greater than 4� compared to both the

ischiolateral (p = 0.003) and EBRA (p = 0.003) methods.

Similarly, there were more angles measured greater than 4�
from the mean using the Woo and Morrey method than

using either the ischiolateral (p \ 0.001) or EBRA

(p \ 0.001) method. None of the comparisons between the

ischiolateral and EBRA methods differed (Table 1). While

the ischiolateral and EBRA methods were similarly pre-

cise, the Woo and Morrey method had more patient series

with measurement ranges of greater than 6� (Fig. 2). For

example, the acetabular component anteversion measured

in one patient’s hip was 27�, 37�, and 36� at 6-week,

6-month, and 1-year followup, respectively, using the Woo

and Morrey method whereas anteversion measured 53�,

53�, and 55� for the same times using the ischiolateral

method on the same set of films (Fig. 3). Linear regression

showed all three measurements were correlated with the

ischiolateral measurements nominally about 26� higher

than EBRA and 2� lower than Woo and Morrey. The ICCs

for intra- and interobserver reliability for the ischiolateral

method (0.9 and 0.9, respectively) and EBRA (0.9 and 0.9,

respectively) were the same (Table 1).

Table 1. Statistical comparisons for the Woo and Morrey, ischiolateral, and EBRA methods

Variable Woo and

Morrey

Ischiolateral EBRA p Value

Woo and Morrey

versus ischiolateral

Woo and Morrey

versus EBRA

Ischiolateral

versus EBRA

Mean SD of anteversion measurements 3.7� 2.2� 2.1� \ 0.001 \ 0.001 0.78

Number of hips with SD [ 4�
(n = 52 hips)

19 (36.5%) 6 (11.5%) 6 (11.5%) 0.003 0.003 1

Number of measurements [ 4�
from mean (n = 190 radiographs)

24 (12.6%) 7 (3.8%) 9 (4.7%) \ 0.001 \ 0.001 0.66

ICC for intraobserver reliability 0.9 0.9

ICC for interobserver reliability 0.9 0.9

EBRA = Einzel-Bild-Roentgen-Analyse; ICC = intraclass correlation coefficient.

Fig. 2 This graph demonstrates the

distribution of the range of angles

measured for each hip series.
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Discussion

The importance of acetabular component position in the

outcomes of hip arthroplasty, including ROM, stability,

wear, squeaking of ceramic-ceramic bearings, ion levels in

metal-metal bearings, and overall implant survival, has

been previously described [2, 7–11, 18, 19]. The ideal

method for evaluating acetabular component position

would be one that is readily available, consistent and

reproducible, inexpensive, quick, and easy to interpret.

Such a technique is frequently employed for measuring

abduction by referencing the interteardrop line; however,

previously described methods for anteversion utilize

external references, sacrificing reproducibility, or sophis-

ticated equipment or software, sacrificing time,

availability, and cost. We compared three methods for

measuring acetabular component anteversion, one new and

two previously described, to determine whether a method

using readily available tools could be comparable in pre-

cision and validity to an advanced research tool such as

EBRA.

Readers should be aware of limitations to our study.

First, we used a series of radiographs made at different

points in time for each patient, which assumes component

position has not changed over time. To minimize con-

founding factors, one would analyze several different

radiographs made at the same point in time; however, such

a study would not be possible due to the unjustified radi-

ation exposure for each patient. Further, all radiographs

were within the 2-year postoperative period, an early

timeframe for hip arthroplasty, and each patient had no

identifiable sign or symptom of loosening. Second, there

are also limitations to each of the three methods evaluated

by this study. For the Woo and Morrey method, decreased

reliability due to the use of an external reference was

confirmed by our results. The availability, cost, and time

consumption limitations of the EBRA method have been

previously discussed. A specific limitation of the ischio-

lateral method identified during our study is that the

ischium must be clearly visible on the lateral radiograph.

All of the radiographs were taken before the initiation of

this study and the technicians had not received any specific

Fig. 3 This figure compares the Woo and Morrey and ischiolateral

methods performed on radiographs taken at different periods in the

postoperative care from the same patient. Reproduced from Pulos N,

Tiberi JV 3rd, Schmalzried TP. Measuring acetabular component

position on lateral radiographs: ischio-lateral method. Bull NYU Hosp
Jt Dis. 2011;69(Suppl 1):S84–S89. With permission.
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instructions regarding inclusion of the ischium. Despite

this, only seven (3.7%) films did not include the ischium.

Inclusion of the ischium on the radiograph is not techni-

cally demanding. Discussion with technicians regarding the

importance of including the ischium on this view can

reduce or eliminate the number of unusable films.

The most common way to evaluate acetabular compo-

nent position on a lateral radiograph is to use the horizontal

film edge as a reference [20]. The mean SD of this method

in our study was 3.7�. Using the same method, Pollard et al.

[15] found a mean SD of 4�. In this study, the ischiolateral

method, using an internal skeletal landmark, had a mean

SD of 2.2�. The reproducibility of the ischiolateral method

compares well to the previously validated EBRA digital

edge detection method [8].

In another radiographic study, Hing et al. [4] used an

ICC of greater than 0.6 to represent substantial agreement

and an ICC of greater than 0.9 to represent excellent

agreement, while an ICC equaling 1.0 represented perfect

agreement. On this basis, the intra- and interobserver reli-

abilities of the ischiolateral method are excellent and

equivalent to EBRA. Thus, the ischiolateral method is an

equally reliable way of measuring component position.

The absolute value of the angle measured with the

ischiolateral method was larger than that obtained using

the Woo and Morrey method, larger than the planar

anteversion measured by EBRA, and larger than the

surgical anteversion of that hip. Surgical anteversion is

the angle between the frontal plane of the patient and the

perpendicular to the face of the acetabular component

[13]. When a patient lies supine, the ischial tuberosity

points slightly downward into the table (rather than par-

allel to it), creating a larger measurement angle with the

ischiolateral method. Linear regression analysis of our

data demonstrated ischiolateral measurements of our data

are approximately 26� higher than corresponding EBRA

measurements.

Practically, the ischiolateral method is analogous to

what is commonly done on AP radiographs, where the

interteardrop line is a pelvic reference for the measurement

of the acetabular component abduction angle [12]. Simi-

larly, using the long axis of the ischium as a pelvic

reference on the lateral radiograph decreases variability of

the measurement due to differences in pelvic tilt, which can

vary temporally [1]. The ischiolateral method provides a

more consistent measurement by decreasing the number of

outlier angles (Fig. 2). It is as consistent and has intra- and

interobserver reliability equivalent to EBRA.

In conclusion, the ischiolateral measurement has preci-

sion and validity equivalent to EBRA and is more precise

and valid for multiple observers than the historical method

of Woo and Morrey. Although the nominal angles of com-

ponent position measured on the true lateral and AP films are

different, they correlate. The ischiolateral measure minus

26� closely approximates the planar anteversion measured

by EBRA. The benefits of the ischiolateral method are that it

requires no special software, can be performed on a con-

ventional film or a digital image, and is simple and quick.

With an increased appreciation for the importance of ante-

version, the ischiolateral method provides a quick, low-cost,

consistent, and reliable means to assess axial component

position, which is a surrogate for the planar anteversion

measured with EBRA.
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