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Abstract Objective The objective of the present work was to compare the measurement of
acetabular component version on anteroposterior (AP) and on cross-table radiographs
after total hip arthroplasty (THA).
Methods Radiographs of 60 hips with a primary THA were selected. Version was
calculated on the AP radiograph using the Lewinnek method and, on the cross-table,
using the Woo and Morrey direct method.
Results Mean and standard deviation (SD) were different on both radiographs, being
9.7°� 5.5° on the AP, whereas in the cross-table the measurements were 20.6°� 8.4°
(p< 0.001). Minding our aim of 10°, the cross-table measurements were statistically
different from it (p< 0.001), while the AP measurement did not differ (p¼ 0.716).
Conclusion The present study showed that the best way to correctly evaluate the
acetabular component positioning following a THA is by measuring anteversion and
abduction on an AP radiograph after confirming, in a cross-table radiograph, that the
component is not retroverted.

Resumo Objetivo O objetivo do presente trabalho foi comparar a medição da versão do
componente acetabular em radiografias em incidência anteroposterior (AP) e cross-
table após artroplastia total do quadril (ATQ).
Métodos Foram selecionadas radiografias de 60 quadris com ATQ primário. A versão
foi calculada na radiografia AP usando ométodo de Lewinnek e, na cross-table, usando o
método direto do Woo e Morrey.

� Work developed at the Department of Orthopedics and Traumatol-
ogy, Hospital Beatriz Ângelo, Loures, Portugal.
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Introduction

Stability is one of the most important factors and objectives
in a total hip arthroplasty (THA) and, to achieve it, correct
component placement is of paramount importance.1 An
important cause of dislocation has been shown to be poor
acetabular component positioning, which also leads to a
limited range of motion and increased polyethylene
wear.2–4 Acetabular position is defined by its abduction
and its version.5 Abduction is defined as the angle between
the face of the cup and the transverse axis, whereas version is
defined as the angle between the axis of the component and
the coronal plane.5 The importance of these parameters lie in
the recognition that subtle orientation differences can lead
to a higher rate of dislocations.6 Lewinnek et al. have suggest
that an ideal cup should have an abduction of 40° and an
anteversion of 15°.7 While acetabular abduction is relatively
easy to measure on anteroposterior (AP) radiographs, the
same is not true for version. Numerous studies have focused
on different methods to measure version on radiographs,
although not all have been shown to be consistent and
accurate5,7–12 An ideal method should be accurate, repro-
ducible, and feasible within a day-to-day practice. To mea-
sure abduction, a pelvis AP radiograph is used, whereas to
measure version, the methods consist of different mathe-
matical equations that use AP radiographs or a direct mea-
sure on a cross-table radiograph.5,7–12Although it is true that
the measurement of version is made simple with cross-table
radiographs, these radiographs are often dependent on good
quality images, which can be compromised by contralateral
hip joint stiffness.13

The objective of the present work was to compare the
measureofacetabular component versiononanAPradiograph
using the Lewinnekmethodand thedirectmeasure ona cross-
table radiograph. Our hypothesis is that the cross-table radio-
graph is more influenced by patient positioning, what could
lead to an incorrect measure of acetabular version.

Material and Methods

Between June 2018 and July 2018, patients who attended our
hospital were screened for inclusion in the present study. The
inclusion criteria were previously primary THA for primary
coxarthrosis done at our institution. Patients with a history of

instrumented spine surgery were excluded. Selected patients
underwent a pelvic AP and a cross-table radiograph. The
present study was approved by the institution’s ethics com-
mitteeand informedconsentwasobtained fromall patients. In
all patients, the same acetabular component was used (Epifit,
Smith & Nephew, London, United Kingdom). We use the
alignment guide, according to the surgical technique, to place
the acetabular component in 10° of anteversion.

All radiographs were taken in the same radiology depart-
ment according to a standard protocol. Pelvic AP radiographs
weredone in the supineposition,withbothhips extended,with
a source-image distance of 100 cm from thefilm, perpendicular
to the patient, centered on the superior aspect of the pubic
symphysis. Cross-table lateral radiographs were takenwith the
contralateral hip flexed as much as possible up to 90°, with the
central rayangledperpendicularly to the long axis of the neckof
the femur (45° cephalad), parallel to the examination table. All
images were acquired, and all measurements were made using
the Picture Archiving and Communication System (PACS) soft-
ware (syngo.plaza, Siemens Healthineers, Erlangen, Germany).

Version was calculated on the AP radiograph using the
Lewinnekmethod.7 In this method, the ellipse formed by the
acetabular component is used so that version¼ sin�1 (short
axis/long axis) (►Fig. 1) On the cross-table radiograph,
version was the measured angle between a line perpendicu-
lar to the examination table and a tangential line to the

Resultados A média e o desvio padrão (DP) foram diferentes em ambas as radio-
grafias, sendo 9,7°� 5,5° no AP, enquanto na cross-table foram 20,6°� 8,4°
(p< 0,001). Considerando nosso objetivo de 10°, as medidas da cross-table foram
estatisticamente diferentes dele (p< 0,001), enquanto a medição AP não diferiu
(p¼ 0,716).
Conclusão Opresente estudomostrou que amelhormaneira de avaliar corretamente
o posicionamento do componente acetabular após uma ATQ émedindo a anteversão e
a abdução em uma radiografia AP após confirmar, em uma radiografia cross-table, que o
componente não é retrovertido.

Palavras-chave

► artroplastia de quadril
► acetábulo
► radiografia

Fig. 1 Representation of the Lewinnekmethod: version¼ sin�1 (AB / CD).
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opening face of the acetabular component as described by
Woo et al.4 (►Fig. 2). Cross-table radiographs were also
analyzed with the objective of excluding retroversion, which
would be undetectable in the AP radiographs.

The normality of the data was tested with the Kolmo-
gorov-Smirnov test. The data were compared and analyzed
using the Student t-test for one and dependent samples, and
the Mann-Whitney or the Wilcoxon test, according to the
normality of the data. The correlation of data was analyzed
with the Pearson or Spearman correlation coefficient accord-
ing to its normality. Nominal variables were compared using
the chi-squared test. P-values< 0.05 were considered signif-
icant. Dedicated statistical software (IBM SPSS Statistics for
Windows, Version 21, IBMCorp., Armonk, NY, USA)was used.

Results

We identified and included 54 patients (60 hips). There were
36 men and 18 women and the average age of the patients at
surgery was 68,5 years old. No differences were found
between the measurements and age or gender. The mean
follow-up was of 45.3 months (24–71 months).

For the anteversion measure by the Lewinnek method on AP
radiographs, the mean and standard deviation (SD) were
9.7°� 5.5° (2°–21°). For the anteversion measure on cross-table
radiographs, it was 20.6°� 8.4° (0°–40°). As such, no cases of
retroversion were present. There was a positive correlation
betweenbothmethods (n¼ 60, r¼ 0.642,p< 0.0001). However,
bothmeasuresgave statistically different results (p< 0.001). The
meanandSD for thedifferenceof bothmethodswas10.8°� 6.6°
(-13°–29°).Mindingouraimof10°ofanteversion,wetestedboth
measurements against that value and found the cross-table
measurement to be statistically different from it (p< 0.0001),
while the AP measurement did not differ (p¼ 0.716).

Discussion

Following THA, there are several imagological exams that can
be performed to assess the status of the arthroplasty and

evaluate the position of the components. Although those
exams, such as computed tomography (CT) scans, can be
more accurate, they represent increased costs and radiation
for the patient. Therefore, traditional radiography continues
to be the most important exam in the follow-up of
arthroplasties.

Component positioning is essential for its stability, function
and longevity.2,3,7 However, how to achieve it, namely, how
much acetabular anteversion to give, remains controversial.
Various authors recommend between 0° and 30° of antever-
sion.1,14,15Atourcenter,weaimforananteversionof10°.While
the Lewinnek concept of safe zone has guided acetabular
component positioning for many years, there is evidence that
an important proportion of THAs dislocate within that safe
zone16,17 Furthermore, acetabular anteversion should not be
analyzed on its own, as combined femoral and acetabular
anteversionmightbetterpredictdislocationrisk.18Ontheother
hand, otherauthors try toplace the acetabular component inan
anatomic position according to specific patient anatomic refer-
ences (such as the transverse acetabular ligament).19,20Which
of the two methods produce better results, however, is still a
matter of debate. Surgeons should keep in mind that the
stability of a THA is an interplay between specific patient
anatomy and component positioning, and is also dependent
on proper restoration of soft tissue tension and balance.

While it is easy to measure acetabular abduction, the
same is not true for anteversion. Nho et al. studied various
methods and concluded that the Lewinnek, Hassan and Liaw
methods, based on AP radiographs, were similar tomeasure-
ments made on CT scans.10 In their study, they also included
theWoo et al. method for cross-table radiographs,which also
gave similar results.10 However, another study by Arai et al.
found a difference of 5° between AP and cross-table meas-
urements.13 Furthermore, and perhaps more clinically rele-
vant, they also found a correlation between a contralateral
stiff hip and the measurement of acetabular version on the
cross-table radiograph due to pelvic tilting.13

In our study, we found a mean acetabular anteversion of
9.7°� 5.5° while using the Lewinnek method on an AP
radiograph, which is not significantly different from our
aim of 10°. On the other hand, using the cross-table radio-
graph, we measured an anteversion of 20.6°� 8.4° which
significantly differs from our surgical target. Both measure-
ments were statistically different from one another. We also
note a wider range of measurements in the cross-table
radiographs (40° versus 19°). We found a moderate correla-
tion between both methods, which is below expectations
when measuring the same parameter.

Cross-table radiographs, when proper positioning is
stressed, have been shown to accurately determine acetabular
anteversion.21However, given the results of the present study,
webelieve that thismethod is prone to inaccuracy, due to poor
positioning, probably related to contralateral hip or lumbar
stiffness. Additionally, it is our opinion that pelvic tilt is harder
to detect on cross-table radiographs than on AP incidences,
which precludes negligent errors in the later, but not in the
former radiographs. Notwithstanding, AP radiographs have
somelimitations because retroversion cannot bedetected, and

Fig. 2 Representation of the Woo and Morrey method: ver-
sion¼ angle between a perpendicular line and a tangential line to the
opening face of the acetabular component.
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the apexof the ellipse is somewhat difficult to identify when a
metal liner is used.

Regarding the limitations of our study, a measurement
standard, such as a CT scan, could further strengthen our
conclusions.

Conclusion

The present study showed that the best way to correctly
evaluate the acetabular component positioning following a
THA is by measuring anteversion and abduction on an AP
radiograph after confirming, in a cross-table radiograph, that
the component is not retroverted.
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