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supine conventional radiographs

Guy-Robert Auleley, Benoît Rousselin, Xavier Ayral, Rachel Edouard-Noel,
Maxime Dougados, Philippe Ravaud

Abstract
Objective—To assess the eVect of standing
position on joint space width (JSW) meas-
urements of the hips with and without
osteoarthritis (OA) on pelvic radiographs.
Methods—Adult patients aged 18 or more
had pelvic anteroposterior conventional
radiographs standing and supine per-
formed by a single radiologist in the same
radiology unit according to standardised
guidelines. JSW measurements in mm
were made by a single reader blind to
patients’ identity and type of view, using a
0.1 mm graduated magnifying glass di-
rectly laid over the radiograph, at the nar-
rowest point for OA hips or at the vertical
joint space for non-OA hips. Agreement of
JSW between both views was assessed
using the Bland and Altman graphical
analysis.
Results—JSW was greater on standing
than supine radiographs, for example,
7.1% for OA hips. Mean (SD) diVerences
and limits of agreement (mm) between
both views were 0.08 (0.27) and −0.46 to
0.62 for the 70 non-OA hips, 0.02 (0.31)
and −0.60 to 0.64 for the 46 OA hips. Cor-
responding 95% confidence intervals of
mean diVerences were 0.02, −0.14 mm and
−0.07, −0.11 mm.
Conclusions—Measurements of JSW of
the hip on pelvic standing and supine
radiographs are concordant. Changes less
than or equal to 0.64 mm between the two
views are similar or inferior to radiologi-
cal progression of OA.
(Ann Rheum Dis 1998;57:519–523)

Assessment of articular loss has been shown to
be important for evaluating the progression of
osteoarthritis (OA) in epidemiological studies
and clinical trials.1 A measure of articular car-
tilage is considered the primary outcome vari-
able of OA for structure modifying drugs. Sev-
eral guidelines recommend that the measure of
joint space width (JSW) determined on radio-
graphy should be used as a proxy for joint space
narrowing.2–6 To study OA hips, radiographs
are obtained with patients in supine7–9 or

standing position.10 Examination of the hip by
pelvic radiograph while the patient is bearing
weight has generally not been considered
useful except for evaluation of the postopera-
tive hip.11 In recent guidelines for evaluating
OA, it has been recommended that hip
radiographs be performed with the patient
standing,6 or supine,12 or either.2 In OA of the
knee JSW is narrower on weightbearing than
on non-weightbearing radiographs.7 13 14 Fur-
thermore, JSW of the medial compartment of
the osteoarthritic knee is accurately measured
on weightbearing radiographs.15 Studies com-
paring JSW of the hip measured on weightbear-
ing and non-weightbearing radiographs have
given confusing results.16–19 Conrozier et al16

found that maximum joint space narrowing of
the hip significantly decreased on weightbear-
ing views compared with supine views only
when considering OA hips with JSW less than
or equal to 2.5 mm. Evison et al17 found that
compared with non-weightbearing views, hip
JSW decreased in two of 13 OA hips and
increased or decreased in three of 25 non-OA
hips on weightbearing views. For these authors,
the latter view may be useful in selected groups
of patients. Hansson et al18 have reported
narrowing of JSW on weightbearing radio-
graphs in 12 of 117 hips considered normal on
non-weightbearing views. Of the 34 hips
considered as narrowed on non-weightbearing
radiographs only one became normal on
weightbearing views in their study. Therefore,
they did not recommend supine radiographs
for assessing coxarthrosis. Other authors have
shown radiographic narrowing of the joint
space of 10% to 30% or more in hips weight
free for 5 to 92 months as compared with
weightbearing hips.19 In routine practice, hip
OA is assessed on radiographs performed in
supine or standing conditions. Consequently,
the possibility of comparing epidemiological
studies and clinical trials using radiographs
performed with either type of patient position-
ing is limited if radiographs obtained with both
patient positionings for measuring JSW of hip
OA are not interchangeable.

The aim of this study was to assess the effect
of the standing position on JSW measurements
of the hip on pelvic radiographs.
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Methods
PATIENTS

Consecutive patients of both sexes referred to a
radiology unit for radiographic evaluation of
the pelvis were eligible for the study. Other
inclusion criteria were: age equal to or greater
than 18 years, referral for chronic back pain,
sciatica, bone neoplasia, myeloma or suspicion
of hip OA. Patients were excluded if they had
secondary hip OA defined by the presence or
past history of hip fracture, inflammatory
rheumatic disease, osteonecrosis, Paget’s dis-
ease, or infectious disease.

RADIOGRAPHS

A single radiologist performed all radiographs
in the same radiology unit according to a
standardised procedure. For each patient, two
conventional pelvic radiographs were made.
The first film was performed in standing
conditions. Anteroposterior radiographs were
taken with a source to film distance of 110 cm.
The patient’s feet were internally rotated with
the toes at 15±5° with the help of fluoroscopy
to ascertain that the x ray beam was centred on
the superior aspect of the pubic symphisis. The
x ray beam was horizontal, perpendicular to the
table. Patients were standing on both legs and
were asked to distribute their weight equally on
both feet.

After patients gave informed consent, the
second film was performed in supine condi-
tions using the same radiological procedure
(incidence, source to film distance, rotation of
patient’s feet) as for standing films except that
the x ray beam was vertical.

The radiologist (BR) classified radiographs
as with hip OA (definite osteophytes and joint
space narrowing)20 or not (absence of osteo-
phytes and joint space narrowing).

RADIOGRAPHIC ASSESSMENT

All the radiographs were collected and the
patients’ identity and the type of view were
masked with an adhesive tape by one investiga-
tor (REN). The patients’ identification was
replaced by a random code number. Radio-
graphs were assessed blind to the view
performed by one reader (GRA). Before mask-
ing, the two radiographs of a single patient were
placed side by side on a light box and the land-
marks for measurements were drawn by the
reader. The landmarks consisted of two points,
one on the distal margin of the condylar cortex
for the femoral surface and the other on the
margin of the bright radiodense band of the
subchondral cortex in the floor of the articular
fossa for the acetabulum. This interbone
distance was measured in millimetres using a
0.1 mm graduated magnifying glass directly
laid over the radiograph at the narrowest point
for OA hips and at the vertical joint space for
non-OA hips. In addition, for OA hips joint
space narrowing was graded 0–3 using a radio-
graphic atlas21 and overall severity of OA was
graded using the Kellgren and Lawrence
criteria.22

In radiographs classified by BR as without
hip OA, both hips were examined except for
two radiographs with unilateral prosthetic hip
related to femoral neck fracture. In radiographs
classified by BR as with hip OA, both hips were

Figure 1 DiVerences in joint space width (JSW) (in mm) between standing and supine radiographs against the mean for
all hips. Limits of agreement correspond to mean ±2SD.
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Table 1 Means (standard deviations) and (range) (mm) of joint space width in 46 hips with osteoarthritis and 70 hips
without osteoarthritis on pelvic standing and supine radiographs during two reading sessions

Standing without
osteoarthritis (n=70)

Supine without
osteoarthritis (n=70)

Standing with
osteoarthritis (n=46)

Supine with osteoarthritis
(n=46)

First reading session 4.51 (0.90) (2.7–7.0) 4.43 (0.90) (2.7–7.0) 2.51 (1.33) (0–5.0) 2.50 (1.36) (0.1–4.7)
Second reading session 4.48 (0.92) (2.7–7.0) 4.40 (0.87) (2.5–6.5) 2.50 (1.35) (0.1–4.7) 2.50 (1.34) (0.2–4.7)
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examined except for 10 radiographs with
unilateral prosthetic hip (two radiographs) or
unilateral normal hip (eight radiographs). The
reader (GRA) separately measured all JSW of
OA and non-OA hips in one reading session.

A week later, the same reader, unaware of the
results of the first reading session, measured all
JSW of OA and non-OA hips. In this second
reading session, the radiographs had their ran-
dom code number and were evaluated in a dif-
ferent order.

STATISTICAL ANALYSIS

Means and standard deviations (SD) of JSW
measurements in both views during each read-
ing session, and their diVerences were calcu-
lated. JSW of hips measured on standing
radiographs were also presented as a relative
percentage of JSW measured on supine radio-
graphs using the diVerence between JSW on
supine and standing radiographs as the nu-
merator and JSW on supine radiographs as the
denominator.

The first step of analysis consisted in
evaluating the agreement between JSW meas-
urements on standing and supine radiographs.
For this purpose, the magnitude of changes,
including those related to the patient’s position
was assessed in all, non-OA, and OA hips. For
all these groups, the graphical analysis de-
scribed by Bland and Altman23 24 was applied.
This method focuses on diVerences between
pairs of measurements of the same quantity
against their corresponding mean. Graphs were
plotted for each of these groups. Limits of
agreement were estimated as dmean±2SD, where
dmean is the mean diVerence and SD, the stand-
ard deviation of the diVerences.

The second step consisted in evaluating the
magnitude of changes that might result from
measurement error. This magnitude was also
estimated by using Bland and Altman graphi-
cal analysis on measurements repeated one
week apart of OA and non-OA hips either in
standing or supine radiographs.

Results
Sixty four patients (42 women and 22 men)
were included. They had a mean age of 66
(range 38–92) years. A total of 116 hips,
regardless of whether they were OA, were
available for analysis. Means (SD) of JSW were
3.72 (1.45) mm and 3.66 (1.45) mm on stand-
ing and supine radiographs, respectively. The
diVerences in measurements between the two
views varied from −0.6 mm to 0.7 mm. Figure
1, plotting the diVerence between pairs of
measurements against the corresponding mean
of each hip, shows that there was no relation
between the diVerence and the mean. On aver-
age, JSW was 4.1% (SD, 25.6%) greater on
standing than on supine radiographs.

JSW was measured in 70 non-OA hips. Table
1 gives the means (SD) of JSW measurements.
The diVerences in measurements between the
two views varied from −0.6 mm to 0.7 mm and
their variation did not depend on their mean (fig
2A). On average, JSW was 2.2% (SD, 6.3%)
greater on standing than on supine radiographs.

Forty six OA hips were available for measure-
ment of JSW. They were graded 2 (n=29), 3
(n=11) or 4 (n=6) in the Kellgren and Lawrence
grading system and graded 1 (n=30), 2 (n=13)
or 3 (n=3) in the joint space narrowing grading
scale. Means (SD) of JSW measurements were
identical between standing and supine radio-
graphs (table 1). The diVerences in JSW
between the two views varied from −0.6 mm to
0.7 mm. No relation existed between the diVer-
ence and the mean (fig 2B). JSW was 7.1% (SD,
40%) on average greater on standing than

Figure 2 (A) Hips without osteoarthritis. DiVerences in joint space width (JSW) (in mm) between standing and supine
radiographs against the mean for hips without osteoarthritis. Limits of agreement correspond to mean ±2SD. (B) Hips with
osteoarthritis. DiVerences in joint space width (JSW) (in mm) between standing and supine radiographs against the mean
for hips with osteoarthritis. Limits of agreement correspond to mean ±2SD.
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Table 2 Comparison of joint space width measurements on
standing and supine radiographs of 46 hips with
osteoarthritis

Standing

Supine

> 3.0 mm < 3.0 mm Total

> 3.0 mm 16 2 18
< 3.0 mm 1 27 28
Total 17 29 46
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supine radiographs. When considering the 23
hips with JSW less than or equal to 2.5 mm on
the one hand and the 23 hips with JSW greater
than 2.5 mm on the other hand, mean
diVerences (SD) of JSW between the two views
were 0.01 (0.26) mm and 0.02 (0.37) mm,
respectively. When considering the limit for
definite narrowing of joint space as less than or
equal to 3 mm, one of the 17 hips with a normal
joint space on the supine radiograph was reclas-
sified on standing. Two of the 29 abnormal hips
on the supine radiograph were reclassified
normal on standing (table 2).

The largest magnitude of changes related to
the measurement error was observed in
non-OA hips (mean diVerence=0.03 mm) and
the smallest in OA hips in supine radiographs
(mean diVerence=−0.002 mm) (table 3).
Comparison of JSW between two reading
sessions showed wider limits of agreement for
OA hips radiographed in supine conditions
(−0.26 to 0.26 mm). No relation appeared
between the measurement error and the
estimated true value (fig 3).

Table 3 summarises also mean diVerences
(SD), 95% confidence intervals, and limits of
agreement. All confidence intervals overlapped
zero.

Discussion
Measurements of JSW of hip with or without
OA on conventional pelvic anteroposterior

radiographs performed in standing and supine
conditions are concordant. Mean diVerences
(SD) and limits of agreement between the two
views were 0.08 (0.27) mm, −0.46 mm to 0.62
mm, and 0.02 (0.31) mm, −0.60 mm to 0.64
mm in non-OA and OA hips, respectively. These
limits of agreement suggest that changes of less
than 0.64 mm between JSW measurements on
standing and supine radiographs are within the
normal variability of measurements. Indeed,
such variability is clinically relevant as it is simi-
lar to or less than a change in JSW proposed by
others to define radiological progression of OA
related to the course of the disease.10 25

Mean diVerences in JSW were less than 0.1
mm in our study whereas those found statisti-
cally significant in other studies were 0.13
mm16 and 0.3 mm.18 The reader measured JSW
blind to the patient’s identity and to the type of
view in our study. It is not stated whether oth-
ers did the same when comparing the two
views.16–19 When comparing methods of meas-
urement, knowledge of the result by one
method (lack of blind) may aVect the result of
the second measurement, resulting in a bias
eVect. The Bland and Altman graphical
method permits this eVect to be assessed along
with the random eVect.

As possible bias between repeated measure-
ments can limit the amount of agreement,23 24 26

study of reproducibility of measurements on
each view was relevant and allowed to

Table 3 Variability between views or between reading sessions of joint space width (mm) of hips with osteoarthritis and
hips without osteoarthritis (OA) on radiographs performed in the same patients

Number
Mean
diVerences

Standard
deviations

95% confidence
intervals

Limits of
agreement

Between views
all 116 0.05 0.29 0.0, 0.10 −0.53 to 0.63
without OA 70 0.08 0.27 0.02, 0.14 −0.46 to 0.62
with OA 46 0.02 0.31 −0.07, 0.11 −0.60 to 0.64

Between reading sessions
standing without OA 70 0.03 0.13 0.0, 0.06 −0.20 to 0.26
supine without OA 70 0.03 0.13 0.0, 0.06 −0.20 to 0.26
standing with OA 46 0.02 0.11 −0.01, 0.05 −0.20 to 0.24
supine with OA 46 −0.002 0.13 −0.04, 0.04 −0.26 to 0.26

Figure 3 (A) Standing radiographs. DiVerences in joint space width (JSW) (in mm) for standing radiographs between
two reading sessions against the mean for all hips. Limits of agreement correspond to mean ±2SD. (B) Supine radiographs.
DiVerences in joint space width (JSW) (in mm) for supine radiographs between two reading sessions against the mean for
all hips. Limits of agreement correspond to mean ±2SD.

1
0.8
0.6
0.4
0.2

–1
–0.8
–0.6
–0.4
–0.2

0

74

Mean of JSW measurements (mm)

Mean +2SD

Mean –2SD

Mean

D
if

fe
re

n
ce

 in
 J

S
W

 m
ea

su
re

m
en

ts
 b

et
w

ee
n

tw
o

 r
ea

d
in

g
 s

es
si

o
n

s 
(m

m
) 

 

320

B

1

7654320 1

6 5

1
0.8
0.6
0.4
0.2

–1
–0.8
–0.6
–0.4
–0.2

0

Mean +2SD

Mean –2SD

Mean

A

522 Auleley, Rousselin, Ayral, et al

http://ard.bmj.com


distinguish changes related to measurement
error from changes related to patient’s position.

We compared JSW measurements obtained
on weightbearing and non-weightbearing
radiographs using Bland and Altman graphical
plots. This method is appropriate when com-
paring methods of clinical measurement.26 27

What we intended to assess was how well JSW
measurements agree for individual people. Sta-
tistical methods like the test of significance for
means are irrelevant to the question of
agreement.28 29

Our results diVer from those found for the
knee joint. DiVerences in biomechanics of the
hip and the knee may explain such discrepan-
cies. Deformations of the hip articular cartilage
when just standing have not really been
studied. However, the pressure exerted
through the hip when standing with body
weight equally distributed on both feet may be
less than when walking.30 31 Furthermore, the
pressure exerted on the hip may exceed half the
body weight when subjects are lying, either
prone or supine.32

Our results diVer from those found else-
where, especially by Hansson et al.18 In our
study, narrowing of the hip joint on standing
radiographs was observed in one (2.9%) of the
hips considered normal on supine radiographs.
But narrowing of hip joint on supine radio-
graphs was observed in two (11%) of the hips
considered normal on standing radiographs. In
contrast, Hansson et al found narrowing of the
hip joint on standing radiographs in almost
10% of the hips considered normal on supine
radiographs, whereas they found narrowing of
the hip joint on supine radiographs in only
0.9% of the hips considered normal in standing
radiographs. Several factors may explain such
diVerences in results. Unlike us, Hansson et al
did not use a blinding procedure during meas-
urement of JSW. Moreover, in our study radio-
graphs were performed with patients’ feet
internally rotated in standing and supine posi-
tions. Hansson et al performed radiographs
with patients’ feet internally rotated during
supine radiographs and in neutral position
during standing radiographs. It has been
reported that rotation of the foot during the
radiograph may influence JSW measurement.33

Finally, our patients had pelvic radiographs
while those included by Hansson et al had hip
radiographs. The direction of the x ray beam
may also contribute to diVerences in JSW
measurements.6 33

A limitation of this study was that we did not
assess whether longitudinal radiographs per-
formed in the same patient in standing and
supine conditions are also concordant.

We have shown that standing and supine
radiographs of the hip in the same patient allow
identical measurements of JSW. Evaluating
whether serial standing and supine radiographs
of the hip allow identical JSW remains to be
performed.

1 Jonsson K, Buckwalter K, Helvie M, Niklason L, Martel W.
Precision of hyaline cartilage thickness measurements. Acta
Radiol 1992;33:234–9.

2 Dieppe PA. Recommended methodology for assessing the
progression of osteoarthritis of the hip and knee joints.
Osteoarthritis Cartilage 1995;3:73–7.

3 Group for the respect of ethics and excellence in science
(GREES): Osteoarthritis section: Recommendations for
the registration of drugs used in the treatment of
osteoarthrits. Ann Rheum Dis 1996;55:552–7.

4 Hochberg MC, Altman RD, Brandt KD, Moskowitz RW, for
the Task force. Design and conduct of clinical trials in
osteoarthritis: Preliminary recommendations from a task
force of the Osteoarthritis Research Society. J Rheumatol
1997;24:792–4.

5 Lequesne M, Brandt K, Bellamy R, Moskowitz R, Menkes
CJ, Pelletier J-P. Guidelines for testing slow acting drugs in
osteoarthritis. J Rheumatol 1994;21 (suppl 41):65–73.

6 Recommendations from a task force of the Osteoarthritis
Research Society: Design and conduct of clinical trials in
patients with osteoarthritis. Osteoarthritis Cartilage 1996;
4:217–43.

7 Altman RD, Fries JF, Bloch DA, Cartens J, Cooke TD,
Genant H, et al. Radiographic assessment of progression in
osteoarthritis. Arthritis Rheum 1987;30:1214–25.

8 Ledingham J, Dawson S, Preston B, Milligan G, Doherty G.
Radiographic patterns and associations of osteoarthritis of
the hip. Ann Rheum Dis 1992;51:1111–16.

9 Ledingham J, Dawson S, Preston B, Milligan G, Doherty G.
Radiographic progression of hospital referred osteoarthritis
of the hip. Ann Rheum Dis 1993;52:263–7.

10 Dougados M, Gueguen A, Nguyen M, Berdah L, Lequesne
M, Mazieres B, et al. Radiological progression of hip
osteoarthritis: definition, risk factors and correlations with
clinical status. Ann Rheum Dis 1996;55:356–62.

11 Resnick D, Niwayama G. Diagnosis of bone and joint disorders.
Vol 1. Philadelphia: WB Saunders, 1988:40.

12 Dieppe P, Altman RD, Buckwalter JA, Felson DT, Hascall
V, Lohmander LS, et al. Standardization of methods used
to assess the progression of osteoarthritis of the hip or knee
joints. In: Kuettner KE, Goldberg VM, eds. Osteoarthritis
disorders. Rosemont, Il: American Academy of Orthopaedic
Surgeons, 1994:481–96.

13 Ahlback S. Osteoarthritis of the knee: a radiographic inves-
tigation. Acta Radiol 1968;277 (suppl):7–72.

14 Leach RE, Gregg T, Siber FJ. Weight-bearing radiograph in
osteoarthritis of the knee. Radiology 1970;97:265–8.

15 Buckland-Wright JC, Macfarlane DG, Lynch JA, Jasani
MK, Bradshaw CR. Joint space width measures cartilage
thickness in osteoarthritis of the knee: high resolution plain
film and double contrast macroradiographic investigation.
Ann Rheum Dis 1995;54:263–8.

16 Conrozier T, Lequesne MG, Tron AM, Mathieu P, Berdah
L, Vignon E. The eVects of position on the radiographic
joint space in osteoarthritis of the hip. Osteoarthritis Carti-
lage 1997;5:17–22.

17 Evison G, Reilly PA, Gray J, Calin A. Comparison of erect
and supine radiographs of the hip. Br J Rheumatol
1987;26:393–4.

18 Hansson G, Jerre R, Sanders SM, Wallin J. Radiographic
assessment of coxarthrosis following slipped capital femo-
ral epiphysis: A 32-year follow-up study of 151 hips. Acta
Radiol 1993;34:117–23.

19 Teshima R, Otsuka T, Yamamoto K. EVects of nonweight
bearing on the hip. Clin Orthop 1992;279:149–56.

20 Altman R, Alarcon G, Appelrouth D, Bloch D, Borenstein
D, Brandt K, et al. The American College of Rheumatology
criteria for the classification and reporting of osteoarthritis
of the hip. Arthritis Rheum 1991;34:505–14.

21 Altman RD, Hochberg M, Murphy Jr WA, Wolphe F,
Lequesne M. Atlas of individual radiographic features in
osteoarthritis. Osteoarthritis Cartilage 1995;3:(suppl A)
3–70.

22 Kellgren JH, Lawrence JS. Radiological assessment of oste-
oarthritis. Ann Rheum Dis 1957;16:494–501.

23 Bland JM, Altman DG. Statistical methods for assessing
agreement between two methods of clinical measurement.
Lancet 1986;i:307–10.

24 Bland JM, Altman DG. Comparing two methods of clinical
measurement: A personal history. Int J Epidemiol 1995;24
(suppl 1):S7–14.

25 Dieppe PA, Cushnaghan J, Jasan MK, Mc Crea F, Watts I.
A two-year placebo-controlled trial of non-steroidal antiin-
flammatory therapy in osteoarthritis of the knee joint. Br J
Rheumatol 1993;32:595–600.

26 Chinn S. The assessment of methods of measurements. Stat
Med 190;9:351–62.

27 Atkinson G, Nevill A. Comment on the use of concordance
correlation to assess the agreement between two variables.
Biometrics 1997;51:775–7.

28 Bartko JJ. General methodology II: Measures of agreement:
A single procedure. Stat Med 1994;13:737–45.

29 Lee J, Koh D, Ong CN. Statistical evaluation of agreement
between two methods for measuring a quantitative
variable. Comput Biol Med 1989;19:61–70.

30 Armstrong CG, Bahrani AS, Gardner DL. In vitro
measurement of articular cartilage deformations in the
intact human hip joint under load. J Bone Joint Surg Am
1979;61:744–55.

31 Denham RA. Hip mechanics. J Bone Joint Surg Br 1959;41:
550–7.

32 Bullough P, Goodfellow J, O’Connor J. The relationship
between degenerative changes and load-bearing in the
human hip. J Bone Joint Surg Br 1973;55:746–58.

33 Buckland-Wright JC. Quantitative of radiographic changes.
In: Brandt KD, Doherty M, Lohmander LS, eds.
Osteoarthritis. New York: Oxford University Press, 1998.

Osteoarthritis of the hip 523

http://ard.bmj.com

