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Abstract

Background Appraisal of the orientation of implants in

THA dislocations currently is based on imaging done with

the patient in the supine position. However, dislocation

occurs in standing or sitting positions. Whether measured

anteversion differs in images projected in the position of

dislocation is unclear.

Questions/purposes We compared measured acetabular

cup orientations on axial CT scans taken with the patient in

a supine position with those from CT sections at angles to

the sacral slope reflecting standing and sitting positions.

Methods We retrospectively reviewed the radiographs of

328 asymptomatic patients who had THAs. Anatomic

acetabular anteversion (AAA) was measured from the plain

CT scan (supine position, axial CT sections). The AAA

also was measured on reformatted CT scans in which the

orientation was adjusted individually to the sacral slope on

lateral radiographs with patients in the standing and sitting

positions.

Results The mean/(SD) AAA changed from 24.2� (6.9�)

in the supine position to 31.7� (5.6�) and 38.8� (5.4�) in

simulated standing and sitting positions, respectively. The

supine AAA correlated with the standing AAA (r = 0.857)

but not with the sitting AAA (r = 0.484).

Conclusions These data suggest measurement of the AAA

on a plain CT scan used in current practice is biased. In

patients with recurrent posterior dislocation from a sitting

position, accounting for the functional variations in mea-

surement of the position of the acetabular cup provides more

relevant information regarding component positioning.

Introduction

Hip dislocation is a frequent mode of failure of THA with

0.5% to 10% dislocation rates reported for primary THA

[3] and 10% to 25% after revision surgery [1]. The dislo-

cation risk is multifactorial. In addition to infection, wear,

issues with the quality of the surrounding soft tissue, and

the type of prosthesis, the position of the implants plays a

major role in the mechanical stability of a THA [5, 7, 10,

16, 19, 23, 25, 29, 30, 33]. The CT scan is the current gold

standard for assessing the position of the implants in case

of dislocation. Reference values with the common protocol

have been reported for native hips [2, 15, 35, 37] and those

with THAs [9, 20, 32, 36, 39].

However, the CT scan is done with the patient in the

supine position, whereas the sitting position is where most
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posterior dislocations occur [12, 34]. Therefore, knowing

the acetabular version in that position might be important,

and measuring cup version of the patient in the supine

position on a CT scan for hip dislocation, as most clinicians

do, could result in misleading information as apparent

acetabular anteversion increases 1� for every 2�-increase of

pelvic tilt [18, 23, 25, 38].

Using an earlier protocol to adjust the plane of the CT

scan to the subject’s sacral slope in standing and sitting

positions, the AAA was obtained in simulated standing and

sitting positions [22]. The measured value substantially

changed from one position to the other with changes in

lumbar spine lordosis and pelvic tilt.

We therefore compared measured acetabular cup ori-

entations on axial CT scans taken with the patient in a

supine position with those on CT sections at angles to the

sacral slope reflecting standing and sitting positions.

Materials and Methods

We retrospectively reviewed the images of 328 selected

asymptomatic patients who had undergone THAs. All

patients had noncemented THAs with metal-backed ace-

tabular implants and followups of 1 to 11 years (average,

4.3 years). Forty-eight percent were men and 52% were

women. Their ages ranged from 60 to 79 years (average,

70.4 years). All patients had AP and lateral radiographs of

the pelvis in the standing and sitting positions and a con-

ventional low-dose CT scan of the pelvis in a supine

position. Patients were checked for the absence of lower

limb length differences and lumbosacral junction abnor-

malities (fusion, malformation, severe disc degeneration

with substantial osteophytes, and disc space narrowing).

All measurements were made by two independent

observers (JYL, MG). The abduction angle (AA) was

measured on the AP view. On the lateral view, the sacral

slope (SS) and acetabular sagittal inclination (ASI) were

measured. The SS angle is formed by the tangent line to the

upper end plate of S1 and the horizontal plane [24]. As a

result of basic trigonometric relationships in three dimen-

sions, the ASI has the same value as the operative

anteversion, described by Murray [26], while being a dif-

ferent angle. The SS, AA, and ASI were measured with

patients in the standing, sitting, and supine positions

(Fig. 1). The standard radiographs were used for standing

Fig. 1A–D (A) AP and (B) lateral

radiographs of a patient in a standing

position, and (C) AP and (D) lateral

radiographs of the same patient in the

sitting position are shown. Measure-

ment of the abduction angle (AA) on

the AP radiograph and the acetabular

sagittal inclination (ASI) and sacral

slope (SS) is shown. Variations in

orientation of the acetabular cup in the

standing versus the sitting position can

be seen.

1104 Lazennec et al. Clinical Orthopaedics and Related Research1

123



and sitting positions and CT topograms were used for the

supine position.

In addition, the pelvic incidence (inclination) was

measured on the lateral radiographs. The pelvic incidence

is the angle between the line perpendicular to the S1 end

plate and the line connecting the middle of the sacral

plateau to the center of the femoral head. This parameter

is related to the size of the pelvis in the sagittal plane

and the offset between the lumbosacral junction and the

hips [6]. As a morphometric parameter of bony structure,

the pelvic incidence does not vary with the position of

the pelvis (Fig. 2). The average radiation dose for the AP

and lateral radiographs was 3 mGy and 4.6 mGy,

respectively.

From the CT scan sections, the AAA was measured

according to the usual routine protocol, with the patient in a

supine position on the axial section, similar to the protocol

described by Stem et al. [35] (Fig. 3A). Measurement of

the AAA corresponding to standing and sitting positions

required an adjustment of the sectional plane following the

value of the SS on lateral radiographs with the patients in

standing (Fig. 3C) and sitting positions [23] (Fig. 3C).

Because the SS is a major parameter for assessing the

position of the pelvis in the sagittal plane [31], the SS

was used as a reference for the functional position of the

pelvis. The radiation dose for the CT scan of the pelvis

was 500 mGy � cm, which corresponds to 9.5 mSv using

the conversion ratio from Hidajat et al. [13]. The standing

AAA measured two times by the two observers showed a

paired intraobserver difference of 2.53�. The intraobserver

intraclass correlation coefficient (ICC) was 0.951. The

paired interobserver difference was 3.25�. The interob-

server ICC was 0.916.

The statistical analysis began with a study of the

reproducibility and repeatability of measurement of the

AAA of the cup of a THA on a CT scan because repeat-

ability data of such measurement were not reported before.

We then performed a descriptive analysis of the measured

variables (mean ± SD). Normality of the variables was

checked using the Shapiro-Wilk test. Paired t-tests were

used to investigate differences among standing, sitting, and

supine positions for each normally distributed variable.

Using the Spearman correlation test, the relationships

among the supine, sitting, and standing positions regarding

the AAA, AA, and ASI were investigated. Finally, a linear

regression analysis aimed at identifying the relevant

parameters that influence the gain in AAA from the

standing to the sitting position were identified among the

pelvic incidence, the standing AAA, AA, ASI, and SS, and

the variation. The SPSS 11.5 software package (SPSS Inc,

Chicago, IL, USA) was used for the calculations with the

significance level of p \ 0.05 of the SS between the

standing and sitting positions.

Results

The average (SD) pelvic incidence was 53.7� (13.6�); this

anatomic parameter does not vary with the position of the

pelvis. The SS decreased from the supine to the standing

and the sitting positions. The frontal and sagittal inclinations

Fig. 2A–B Lateral schematics of the

pelvis in (A) standing and (B) sitting

positions show variations of the sacral

slope (SS) and the acetabular orienta-

tion. The SS increases in the standing

position, whereas the acetabular sagittal

inclination (ASI) angle decreases. The

SS decreases in the sitting position and

the ASI angle increases. The pelvic

incidence (PI) represents the offset

between the lumbosacral junction and

the hips. The PI is a constant anatomic

parameter. It does not vary whatever

the pelvic tilt is.
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and the anatomic anteversion increased from the supine to

the standing and the sitting positions (Table 1).

Measurement of anatomic anteversion with the CT scan

correlated in the standing and supine positions but not

between the sitting position and any other positions

(Table 2). Similarly, the AA (Table 3) and the ASI

(Table 4) correlated in the standing position and the supine

position, but not in the sitting and or any other positions.

The regression analysis showed a correlation coefficient of

r = 0.943 and a coefficient of determination r2 = 0.889.

The regression equation was:

ðsitting AAA� standing AAAÞ
¼ �0:385 ðsitting SS� standing SSÞ
� 0:254 standing AAA� 0:196 standing AA

þ 0:029 standing ASIþ 0:05 standing SS

þ 0:001 PIþ 17:9þ e:

Table 1. Measured parameters*

Parameter Supine Standing Sitting

Mean SD Mean SD Mean SD

SS 45.6 9.8 35.0 10.7 20.5 11.5

AA 46.3 3.6 49.4 4.0 56.7 7.1

ASI 25.5 8.4 36.0 8.2 50.6 11.2

AAA 24.2 6.9 31.7 5.6 38.8 5.4

* Variations between positions are statistically significant; SS =

sacral slope; AA = acetabular frontal inclination; ASI = acetabular

sagittal inclination; AAA = anatomic acetabular anteversion.

Table 2. Spearman’s correlation matrix between CT images for

AAA*

AAA Supine Standing Sitting

r p r p r p

Supine 1 – 0.857 \ 0.001 0.484 \ 0.001

Standing 1 – 0.551 \ 0.001

Sitting 1 –

* There is a strong correlation between images in the supine and

standing positions; AAA = anatomic acetabular anteversion.

Fig. 3A–C (A) The standard CT scan protocol is performed with the

patient in a supine position. It provides routine measurement of

acetabular anteversion (AAA). (B) The proposed CT scan protocol

includes an adjustment to the sacral slope, which replicates the standing

position. First, the sacral slope (SS) is measured on the lateral

radiograph in a standing position. Second, the sacral slope is transferred

to the CT scan scout view (1 = sacral end plate; 2 = horizontal plane

in a standing position). (C) Adjustment to the SS when measured on a

lateral radiograph in a sitting position is shown. Changes of the

measured AAA according to the plane of section can be seen.
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Only the first three factors of the equation had

significant p values. Their standardized coefficients were

�0.786, �0.273, and � 0.151, respectively, showing that

the gain in AAA from the standing to the sitting position

was mostly the result of mobility in the lumbosacral

junction.

Discussion

Because posterior dislocations of the hip mostly occur in

the sitting position, and some anterior dislocations in the

standing position, the rationale of our study was to inves-

tigate a novel protocol for measuring AAA on the CT scan

with simulating the sitting and standing positions. We

therefore compared measured acetabular cup orientations

on axial CT scans taken with the patient in a supine posi-

tion from those on CT sections at angles to the sacral slope

reflecting standing and sitting positions.

We acknowledge limitations to our study. First, we

studied no patients with dislocations and therefore did not

directly assess the importance of the proposed SS-adjusted

CT protocol on the diagnosis and understanding of the

mechanical dysfunction of unstable THAs. The normal

ranges of the AAA, the AA, and the ASI, and the repro-

ducibility of measurement of anatomic anteversion on the

CT scan are presented in a large asymptomatic population,

but it would be necessary to compare numerous dislocation

cases with our data to define a predictive safety zone using

the sacral slope-adjusted CT protocol. The safety limits for

AAA would be the maximal value of the AAA above which

there is a substantial risk of anterior dislocations and the

minimum value of the AAA below which there is an

increased risk of posterior dislocation. For now, the practical

implication of the SS-adjusted CT scan protocol is limited to

improving the examination of dislocations. Second, CT

scans have substantial cost and radiation dose. However, the

proposed protocol is based on only two additional lateral

radiographs, which represent a little extra cost and radiation

source, that substantially improve the results of the CT scans

that already are widely performed in current practice for

examining dislocations [17, 28]. It is likely that, in the

future, the EOS1 imaging system (EOS Imaging SA, Paris,

France) could directly and accurately provide the three-

dimensional orientation of the acetabulum in various pos-

tures with more efficiency and less radiation dose [8].

We confirmed that the AAA, frontal inclination, and

sagittal inclination were functional parameters that varied

substantially among the standing, sitting, and supine posi-

tions. We observed that the acetabular parameters in a

supine position highly correlated with those in a standing

position but poorly correlated with those in a sitting posi-

tion. The amount of mobility in the lumbosacral junction

accounted most for the variation in the AAA between the

standing and sitting positions. The notion of a relationship

between AAA and the position of the pelvis was suggested

by Anda et al. [2] and Zilber et al. [40] in native hips

(Table 5). Variations in the acetabular cup position after

THA implantation as a function of the patient’s position

were reported previously [22, 23]. The current study con-

firmed and numerically showed the functional relationship

between the SS and the AAA: the SS increases while the

AAA decreases from the sitting to standing positions and

reciprocally the SS decreases and the AAA increases from

the standing to sitting positions.

We found a poor correlation between the supine and

sitting AAA. This suggests that the usual CT scan protocol

is biased and not fully appropriate for examination of a

posterior THA dislocation, which occurs in hip flexion. On

the contrary, the strong correlation observed between the

supine and standing measurements, which were observed

in all the acetabular parameters (AAA, AA, and ASI),

suggests that the classic CT assessment of the AAA is still

a relevant source of information in cases of anterior THA

dislocation and subluxation. Few articles address this issue

in the literature. One notices only that the correlation

between the supine and standing positions is in agreement

with the results presented by Nishihara et al., who reported

less than 10� variation in orientation of the pelvis from a

standing to a supine position in 90% of cases [27].

Lumbosacral junction mobility was the main parameter

influencing the variations of AAA between the standing

and sitting positions. The fact that the risk of dislocation

Table 3. Spearman’s correlation matrix between AP radiographs

for AA*

AA Supine Standing Sitting

r p r p r p

Supine 1 – 0.864 \ 0.001 0.378 \ 0.001

Standing 1 – 0.403 \ 0.001

Sitting 1 –

* There is a strong correlation between images of the supine and

standing positions; AA = abduction angle.

Table 4. Spearman’s correlation matrix between lateral radiographs

for ASI*

ASI Supine Standing Sitting

r p r p r p

Supine 1 – 0.828 \ 0.001 0.374 \ 0.001

Standing 1 – 0.369 \ 0.001

Sitting 1 –

* There is a strong correlation between images in the supine and

standing positions; ASI = acetabular sagittal inclination.
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increases cumulatively with time [4] and the fact that

degenerative phenomena in the aging spine that induce

progressive changes in sagittal balance with loss of lumbar

lordosis and pelvic extension [11, 14, 31] support the idea

of the major role of the function of the lumbosacral junc-

tion on function of the hip. In everyday practice, stiffness

in the lumbar spine (eg, L5-S1 arthrodesis) is a risk factor

for THA subluxation and dislocation resulting from the

lack of variation in the AAA from a standing to a sitting

position. To the best of our knowledge, this question has

not been evaluated in the literature. This is not yet well

defined, but our study suggests that taking spinal flexibility

into account is important when planning a THA implan-

tation or at least identifying outlier patients who have an

abnormal pelvic (ie, acetabular) posture. Dual mobility

cups could be specifically indicated for those patients [21].

The classic measurement of AAA on CT scans uniquely

taken with patients in the supine position seems insufficient

to determine the actual position of the acetabular cup from

a functional standpoint. In our opinion, the plain mea-

surement is biased specifically in the case of posterior

dislocation, because the supine AAA is poorly correlated

with the adjusted AAA of the sitting position of disloca-

tion. Therefore, when a CT scan is indicated for patients

undergoing THA with problems of recurrent THA dislo-

cation who need revision arthroplasty, we recommend

adjusting the CT sectional plane to the SS that corresponds

to the position of interest. This protocol would be more

standardized and more efficient for measuring orientation

of the acetabular cup than the plain CT scan with the

patient in a supine position with a random position of the

pelvis on the machine. Based on our observations, we

suspect mobility of the lumbosacral junction plays a crucial

role in the mechanical function and stability of a THA.

Therefore, we also recommend doing dynamic lateral

radiographs of the lumbosacral junction in the standing and

sitting positions for primary THA in patients who have

some abnormal features in their lumbosacral spine, for

example, in the elderly population [31].
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