
SYMPOSIUM: DEVELOPMENTAL DYSPLASIA OF THE HIP

Comparison of Pelvic Radiographs in Weightbearing and Supine
Positions

Susanne Fuchs-Winkelmann MD, Christian-Dominik Peterlein MD,

Carsten O. Tibesku MD, Stuart L. Weinstein MD

Published online: 21 February 2008

� The Association of Bone and Joint Surgeons 2008

Abstract We asked whether radiographic angles and

signs of hip osteoarthrosis differ between radiographs of

the pelvis taken in standing and supine positions. We ret-

rospectively reviewed the radiographs of 61 patients (72

hips) with developmental dislocation of the hip. The min-

imum followup after closed reduction was 15 years (mean,

44 years; range, 15–64 years). We used pelvic radiographs

in supine and standing positions taken at the same time and

determined the following parameters: minimal joint space

width, acetabular roof obliquity (AC angle), depth of the

acetabulum (ACM angle), and center-edge angle. Osteo-

arthrosis was assessed according to Kellgren and

Lawrence. Two independent observers measured all

radiographs manually with a goniometer. AC angle, center-

edge angle, and minimum joint space width differed

between the radiographs taken in supine and standing

positions at followup, whereas osteoarthrosis grading and

the ACM angle did not. The AC angle depended on patient

position and predicted development of osteoarthrosis. The

minimum joint space width was influenced by the radio-

graphic position with greater values in the supine position.

ACM angle and the osteoarthrosis grade according to

Kellgren and Lawrence were unaffected by the patient’s

position.

Level of Evidence: Level II, prognostic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Clinical decisions are often based on radiographic param-

eters. Symptoms may or may not predate radiographic

changes [14]. Radiographs of the pelvis are routinely used

to diagnose, observe, or predict the natural course of

developmental hip dislocation (DDH). Several features on

planar radiographs of the hip (acetabular roof obliquity,

depth of the acetabulum, center-edge angle) and radio-

graphic signs (Kellgren and Lawrence [5]) of osteoarthrosis

(OA) are particularly used. However, in addition to the

problems of inter- and intraobserver reliability, the position

of the patient can influence the information obtained from

these radiographs. In most hospitals, the radiographs are

routinely taken in the supine position. Radiographs taken in

the standing position are likely to differ from those taken in

the supine position, although this issue has been rarely

addressed [10–12].

We asked whether the above radiographic angles and

signs of hip OA differ between standing and supine posi-

tions in a long-term followup of patients after closed

reduction of developmental hip dislocation and whether the

angles correlated with the development of OA.
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Materials and Methods

We retrospectively reviewed the radiographs of 61 patients

(71 hips) with DDH. All patients had been treated by

closed reduction alone [6]. In 10 patients, both hips had

been treated. All patients were treated at the University of

Iowa Hospitals and Clinics. Fifty-one patients were female

and 10 patients were male. The average age at the time of

closed reduction was 17.9 months (standard deviation

[SD], 14.3; range, 1–96 months). The average age at the

time of evaluation was 45.9 years (SD, 8.7; range, 23–

66 years). The minimum followup after closed reduction

was 15 years (mean, 44 years; range, 15–64.3 years) at last

evaluation.

We used pelvic radiographs in the supine and standing

positions to determine the following parameters: minimal

joint space width of the hips, Kellgren and Lawrence

classification for OA [5] (Table 1), acetabular roof obliq-

uity (AC angle [1]) (Fig. 1), depth of the acetabulum

(ACM angle [4]) (Fig. 2), and the center-edge angle (CE

angle as described by Wiberg [15]) (Fig. 3). All radio-

graphs were taken sequentially at the same followup

examination.

Two independent observers (SF, CP) measured all

radiographs twice manually with a goniometer; neither

observer was the treating physician. One investigator was

an experienced orthopaedic surgeon (SF), whereas the

other was a last-year medical student (CP). Interobserver

and intraobserver reliability (test-retest) was calculated for

all parameters. Pearson’s correlation coefficients between

the two measurements from the same individual were

always higher (p \ 0.001) than r = 0.9 for Examiner 1

(SF) and higher (p \ 0.001) than r = 0.86 for Examiner 2

(CP) in all parameters. Thus, we decided to use the average

from both measurements of one examiner for further

analysis. Pearson’s correlation coefficients between the two

examiners were always higher (p \ 0.001) than r = 0.78 in

all parameters. Thus, we used the average from both

examiners for further analysis. The correlation coefficients

of the overall average of each parameter with each single

measurement were always higher (p \ 0.001) than r = 0.9.

We used Student’s t-test for paired samples to compare

the three angles and Kellgren-Lawrence grade [5] in the

same patient at different times and Student’s t-test for

unpaired samples to compare the parameters between

groups of patients at the same time. We checked the nor-

mality assumption by Kolmogorov-Smirnov testing.

Pearson’s coefficient was calculated for determination of

correlations. To determine any possible relationship of late

OA to the measured angles, we divided the hips into two

subgroups based on normal values by Tönnis [10] for the

Table 1. Features of the radiographic Kellgren and Lawrence clas-

sification [5]

Grade Osteophytes Features

0 None No features

1 Doubtful Minute osteophyte, doubtful significance

2 Minimal Definite osteophyte, unimpaired joint space

3 Moderate Moderate diminution of joint space

4 Severe Joint space greatly impaired with

sclerosis of subchondral bone

Fig. 1 This radiograph documents the measurement of the acetabular

roof obliquity in adults according to Sharp-Ullman. We estimated the

AC angle similarly taking the superior point of the teardrop figure into

account.

Fig. 2 The depth of the acetabulum was determined by the ACM

angle.
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measured AC angle at last followup, one group with an

angle less than 15� (n = 32) and the other with an angle

greater than 15� (n = 27). We similarly compared the

incidence of OA in hips that at followup had an ACM angle

of less than 50� (n = 23) versus an ACM angle of greater

than 50� (n = 36) and a CE angle of less than 30� (n = 44)

compared with those greater than 30� (n = 15). Analysis

was performed using the Statistical Package for Social

Sciences for Windows, release 11.0 (SPSS GmbH, Munich,

Germany).

Results

The AC angle, CE angle, and minimum joint space width

differed between the radiographs taken in supine and

standing positions at followup, whereas the OA grading

according to Kellgren and Lawrence [5] and the ACM

angle did not (Table 2). AC angles were greater

(p \ 0.001), CE angles smaller (p \ 0.001), and minimum

joint space width was less (p \ 0.001) in standing radio-

graphs (Table 2).

We found no correlations between the AC, ACM, and

CE angles and the radiographic signs of OA. Hips with an

AC angle of less than 15� had greater (p B 0.01) Kellgren

and Lawrence scores [5] in supine and standing radio-

graphs compared with those with an AC angle of greater

than 15� (Table 3). Neither the initial ACM angle nor CE

angle predicted OA.

Discussion

Because radiographic angles to monitor patients with DDH

for development of OA are based on plane films of the

pelvis and because the findings are prone to intra- and

Fig. 3 This radiograph demonstrates the correct measurement of the

CE angle of Wiberg [15].

Table 3. Comparison of degenerative changes between patients with an AC angle less than 15� and patients with an AC angle 15� or greater

Kellgren and Lawrence score [5] AC angle less than

15� (n = 32)

AC angle 15�
or greater (n = 27)

Student’s

t-test

(mean ± SD) (mean ± SD) p Value

Kellgren and Lawrence [5] in the supine position .90 ± 1.38 1.93 ± 1.52 0.009

Kellgren and Lawrence [5] in the standing position 0.94 ± 1.42 2.11 ± 1.66 0.014

AC = measurement of the acetabular roof obliquity (Fig. 1); SD = standard deviation.

Table 2. Comparison of measurements in supine and standing positions

Features Followup examination in

the supine position

Followup examination in

the standing position

Student’s

t-test

(mean ± SD) (mean ± SD) p Value

AC angle (degrees; n = 54) 14.8 ± 10.6 19.6 ± 10.5 \ 0.001

ACM angle (degrees; n = 56) 51.8 ± 9.3 52.8 ± 9.8 0.512

Wiberg angle (degrees; n = 55) 22.6 ± 10.0 19.0 ± 11.4 \ 0.001

Joint space width (mm; n = 46) 2.73 ± 1.63 2.24 ± 1.49 \ 0.001

Kellgren and Lawrence [5] (n = 46) 1.42 ± 1.54 1.47 ± 1.63 0.467

SD = standard deviation; AC = measurement of the acetabular roof obliquity (Fig. 1); ACM = depth of the acetabulum (Fig. 2).
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interobserver variability and patient positioning (supine

versus standing), we asked whether those radiographic

angles and signs of OA differed between standing and

supine positions, and whether the angles correlated with the

development of OA.

We acknowledge several limitations. The angles were

determined manually on radiograph hard copies by ruler and

goniometer. On some radiographs, it was difficult to deter-

mine the superior point of the tear drop figure as reference

marker for the measurement of the AC angle. There is also a

potential risk of measurement error determining the center of

the femoral head to estimate the CE angle. Computer-aided

measurement aids in calculation but still depends upon

manual location of anatomic landmarks. Furthermore, pelvic

inclination and its direct influence on the measured angles is

difficult to control on a standard radiograph of the pelvis [8].

However, our intra- and interobserver calculation demon-

strated reliability measurements.

We found the AC angle, CE angle, and minimum joint

space width differed between the radiographs taken in the

supine and standing positions at followup, whereas the OA

grading according to Kellgren and Lawrence [5] and the

ACM angle did not. We observed no correlation of the

three angles and radiographic signs of OA. Tönnis [11]

proposed normal values for the AC, ACM, and CE angles.

In our study, patients who had an AC angle of less than 15�
had a lower OA grading than patients with an AC angle of

more than 15�. Distinguishing ACM and CE angles as

normal or abnormal did not predict radiographic OA.

Thus, the AC angle depends on the position of the

patient yet predicts development of hip OA. Other than the

reports of Tönnis [10–12], these correlations have not yet

been confirmed in a long-term radiographic study. Tönnis

suggested an influence of the lumbar lordosis on the AC

angle and Ball and Kommenda [2] introduced an index for

determination of pelvic tilt. They concluded the most

favorable position is full extension of the hip and neutral

rotation of the legs with the knees slightly flexed in a

supine position. This position compensates for the lumbar

lordosis, but there are no normal values available for this

technique. The Kellgren and Lawrence classification [5] is

unaffected by the patient’s position on the radiograph. This

can be explained by the fact that the score mainly aims at

osteophytes that do not differ between standing and supine

positions and is less influenced by the joint space width. A

higher incidence of radiographic OA in patients with DDH

has been previously demonstrated [13]. However, radio-

graphs taken in the supine position cannot be used to

evaluate joint space width. An important finding of our

study was the AC angle depends on the position of the

patient. As expected, the minimum joint space width is

influenced by the position, leading to greater values in the

supine position. ACM angle and the OA grade according to

Kellgren and Lawrence [5] were unaffected by the patient’s

position.

It is well known many if not most cases of hip OA are

secondary to a developmental deformity [3, 7, 9]. New

observations on more or less subtle deformities have

resulted in an expanding field of hip preservation surgery in

the mature patient [7,9]. The clinician must be aware of the

changes in various parameters dependent on whether the

radiographs are taken in the supine or weightbearing

position. We believe this information of particular impor-

tance when planning reorientation procedures of the

dysplastic acetabulum.
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