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Abstract
Objective—To measure the volume of
osteonecrosis in 30 patients with disease in
both hips (one side with collapse and the
other without at Ficat stage I).
Method—The volume of the osteonecrosis
was measured by magnetic resonance
imaging.
Results—The progression to collapse was
influenced by the size of the lesion in each
patient. The first collapsed hip was that
with the largest volume of osteonecrosis.
Conclusion—The volume of the osteo-
necrotic lesion on the second hip (stage I
without collapse) is a good predictor of the
time to collapse of this second hip.
(Ann Rheum Dis 2000;59:817–821)

The treatment of osteonecrosis of the femoral
head remains a challenging problem because
both hips are commonly aVected and, often,
patients have systemic illness with persisting
underlying disease or risk factors. One treat-
ment option for stage I (the shape of the joint is
unaltered, the x ray findings are normal, and
the diagnosis is made with magnetic resonance
imaging (MRI) only) and for stage II (the
shape of the joint is still preserved and the
articular surface is intact, but the diagnosis can
be done with an x ray examination) is
conservative management, usually core decom-
pression. Once collapse has occurred (stage
III), arthroplasty is often indicated as the
disease has reached the stage of no return
because the joint surface is altered as a result of
collapse in the necrotic region.

Intuitive reasoning and observation of many
femoral head osteonecroses suggest that the
outcome of femoral head osteonecrosis, and,
particularly, the evolution to collapse, is
influenced by the size of the lesion and also by
the time from the diagnosis.1–3 Many methods
have been used to estimate or measure the size
of the lesion by radiography or by MRI.4 5

These studies have indicated that the extent of
the necrotic lesion aVects the outcome. As the
patients and the causes of necrosis diVer and
because the time of onset of osteonecrosis was
unknown, studies6 7 were done with survival
curves using a Kaplan-Meier method. Further-
more, exact volumetric analysis was not used in
the following studies.8–10

The purpose of this report is to study the
influence of the size of the lesion on collapse in
a group of patientswith bilateral osteonecrosis,
one side with collapse and the other side with-
out, using volumetric analysis of the lesion.

Materials and methods
PATIENTS

In this study we evaluated 30 patients with
bilateral hip osteonecrosis (one side with
collapse and the other without). Patients were
referred to the orthopaedic surgery unit
because they were suYciently symptomatic on
one side for surgery to be warranted. On this
side x ray findings showed collapse and the hip
was operated on (total hip arthroplasty). Only
patients with bilateral osteonecrosis, shown by
MRI, and presenting one hip with collapse and
the other asymptomatic without collapse and
stage I (Ficat classification) were included in
the study. Hips with stage II osteonecrosis were
not included as it may sometimes be diYcult to
diVerentiate between stage II and stage III even
with careful screening using ascendant (30
degrees) x rays, lateral x rays, tomograms, or
computed tomography to check the subchon-
dral crescentic line or collapse. The authors are
aware of other combinations of patients
presenting with bilateral osteonecroses—for
example, both sides presenting as collapsed or
as non-collapsed or one side with stage II and
the other side with or without collapse.
However, if stage II were used this might
include patients with one side in a precollapsed
state which might soon become collapsed and
thus not allow evaluation of the rate of
progression. When these inclusion criteria were
used (bilateral MRI, one hip with collapse, the
other not) 30 patients were included in the
study over a period of two years from among 80
patients with osteonecrosis who were seen con-
secutively during this time.

These osteonecroses were associated with
corticosteroid treatment in 25 patients. This
treatment had been given for systemic lupus
erythematosus (four patients), asthma (seven),
haematological malignancy (10), renal trans-
plantation (three), and cardiac transplantation
(one). Of the 25 patients receiving corticoster-
oids, 18 had been treated only for a short time
(less than four months). This group of 18
patients was considered separately as the short
exposure to corticosteroids allowed a better
approximation of the time of onset of the
osteonecrosis. For three patients the risk factor
was admitted alcohol abuse, and two other
patients had sickle cell disease.

The collapsed hip had significant dysfunc-
tion and was treated with hip arthroplasty; the
other hip (stage I) had no treatment. We had no
histological confirmation for stage I hips, but
the diagnosis of stage I osteonecrosis is
supported by the fact that all these hips had a
typical band pattern;11 12 histology was con-
firmed for the other collapsed hip. All these
hips had MRI performed at the time of the first
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evaluation before surgery with a 1.5 T
superconducting unit; serial coronal sections
through the hip were obtained with T1

weighted spin echo sequences. All these hips
also had standard radiographs (frontal, lateral,
and ascendant 30 degrees) to look for collapse.
The non-collapsed hip was followed up every
three months (by radiological examination) to
look for the first indication of collapse and to
discover how the collapse was related to the
passage of time. The end point of stage I for the
second hip was the date of radiological collapse
and not the need for reconstructive surgery
because of significant dysfunction. All the hips
with stage I at the time of presentation had a
second MRI scan two years later. So in this
series three diVerent groups of hips will be
compared: (a) hips with collapse at the first
MRI scan (MRI1) stage III hips; (b) hips with-
out collapse at the first MRI scan (MRI1) stage
I hips; hips with collapse at the second MRI
scan (MRI2) stage III hips.

MEASUREMENT OF THE VOLUME OF THE

OSTEONECROSIS WITH MRI CORONAL SLICES

Probably, in the next few years, automatic
volumetric analysis with 3D software
packages13 will become commonplace. We
measured the volume of the necrosis using
contiguous MRI scans which included the
whole of the femoral head.2 The thickness of
each slice was always 5 mm. For each coronal
slice (mean 9.4 slices per hip), the sector of the
necrosis was considered as the sector demar-
cated by the serpiginous band-like hypointense
line. The surface of each sector of osteonecro-
sis was calculated on each slice. The volume of
the necrosis was obtained by multiplying the
sum of all the elementary surfaces by their
thickness.

In practice, the surface of each cut was
determined with a grid. Each line being 1 mm
from the next. The surface was calculated by
counting the number of unit squares compos-
ing the surface of the osteonecrosis on each cut
(fig 1). To assess the validity of the method, the
volume of osteonecroses in 30 hips selected at
random was evaluated independently by the
two authors. Each observer measured each
osteonecrosis twice, with an interval of at least
15 days between the first and second readings.
The variability between the observers was
measured by defining a tolerance interval using
an analysis of variance; it was estimated as 0.25
cm3 (95% CI −2.50 to 3.00). The mean diVer-
ence between the first and second observation
in each observer was estimated as 0.05 cm3

(95% CI −2.65 to 2.75). We therefore
proceeded on the assumption that both these
diVerences were zero, and estimated the inter-
observer and intraobserver variance compo-
nents as 0.157 and 0.065, respectively. With
this assumption, the diVerence between two
diVerent readings made by the same observer
has a variance of 2 × 0.157 = 0.314, and there-
fore a standard deviation of 0.560 cm3. The
diVerence between two diVerent readings made
by diVerent observers has a variance of 2 ×
(0.157 + 0.065) = 0.444, giving a standard
deviation of 0.666 cm3. We therefore expect

that 95% of intraobserver diVerences will have
a magnitude of no more than 1.5 cm3, whereas
95% of interobserver diVerences will have a
magnitude no more than 1.7 cm3. Thus, one
can be 95% confident that 95% of the time one
observer’s reading will be no more than 2 cm3

more or less than the other observer’s reading
due to observer error alone.

The radius of the femoral head was esti-
mated on the slice where the femoral head
appeared to have the largest dimension. The
radius was used to calculate the volume of the
femoral head (as a sphere without cartilage)
and to calculate the percentage of the femoral
head aVected by osteonecrosis. The radius was
calculated for both hips in each patient. When
the percentage of the femoral head aVected was
used to compare the two groups, the maximum
error in measuring the volume of the femoral
head was estimated to be 8 cm3. This
maximum error was determined with the
previously mentioned tolerance limits and with
a mathematical technique. The latter calcu-
lated the variation in the volume of a sphere
according to the error made in the determina-
tion of the radius; given the slice thickness of
5 mm, the measurement centre of the femoral
head may vary by ±2.5 mm. This value of 8 cm3

was used to test an unfavourable situation
comparing the greatest osteonecroses (value
measured—8 cm3) and the smallest osteo-
necroses (value measured + 8 cm3).

STATISTICAL METHODS

A non-parametric test, the Mann-Whitney U
test, was used for statistical analysis: each stage
of osteonecrosis being an independent variable,
the volume of the osteonecrosis and the
percentage of the femoral head aVected being
the dependent variables. Spearman rank corre-
lations were calculated to explore the relation
between the volume and the time to collapse.

To determine the significance of the percent-
age of involvement as predictor of the time to

Figure 1 Diagram showing the method of determining the
amount of necrosis of the femoral head by point counting
with a grid on a coronal slice. On this slice the number of
squares completely filled with necrosis is 15 and the number
incompletely filled is 16. The number of unit squares is
calculated as 15 + 16/2 (23 unit squares). In practice, the
lines were 1 mm apart from each other.
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collapse of the second stage I osteonecrosis,
when patients already have a collapsed hip,
logistic regression analysis was conducted.
Kaplan-Meier analysis was used to plot sur-
vival probability with collapse as the end point
of survivorship for the second hip.

Results
There was no significant diVerence in the mean
size of osteonecrosis between the left and right
sides and no significant diVerence in the mean
size between the diVerent causes of osteonecro-
sis.

At the first MRI evaluation the hips with a
stage III osteonecrosis always had the largest
lesions. When determined by observer I, the
average volume of osteonecrosis with collapse
(stage III) was 24.9 (SD 10.3) cm3. On average
(table 1), the volume of osteonecrosis without
collapse (stage I) was 10.3 (5.34) cm3. The dif-
ference between the two groups was highly sig-
nificant (p=0.0000001) using the Mann-
Whitney U test. On the first MRI evaluation
the percentage of the femoral head aVected in
the group with collapse was 36.7% (SD 13.5)
and in the group without collapse 17.3% (SD
9.89). This diVerence was also highly signifi-
cant (p=0.0000004). Among the 30 hips
evaluated independently by the two authors,
the diVerence between the two readings by
each observer was calculated for each hip: 95%
of the diVerences were 2 cm3 or less (range
0–3). Using this value of 2 cm3 provides the
most unfavourable case—that is, ±2 cm3. How-
ever, when the volume of osteonecrosis at stage
III (each volume − 2 cm3) was compared with
the volume of osteonecrosis at stage I (each

volume + 2 cm3) using this value a significant
diVerence, with the Mann-Whitney U test, was
still found between the two groups (p=0.0002).

When the percentage of the femoral head
aVected by osteonecrosis (the volume of the
femoral head was assumed to be a sphere) was
used as the dependent variable, the diVerence
between the groups with and without collapse
on the first MRI evaluation was also significant
(p=0.0000004). We estimated that the maxi-
mum error in measuring the volume of the
femoral head was 8 cm3. Using this value in the
worst case, we calculated the percentage of
femoral head aVected as (volume of osteo-
necrosis − 2 cm3)/(volume of femoral head + 8
cm3) for the group with osteonecrosis with col-
lapse. In the group with osteonecrosis without
collapse, for the most pessimistic simulation,
we assumed the percentage of the femoral head
aVected by the osteonecrosis to be “the volume
of osteonecrosis + 2 cm3” and the volume of the
femoral head to be “the volume of the femoral
head − 8 cm3”. When the percentages aVected
in each group were compared, using the worst
case values, the diVerence between the two
groups remained significant (p=0.005).

In this series, with a maximum follow up of
two years (that is, two years after the initial
MRI evaluation of size), only seven osteo-
necroses (among the 60) had not collapsed.
For the seven hips without collapse at this time,
osteonecrosis was still present on the second
MRI. For these seven hips the average volume
measured on the second MRI at the last follow
up was 0.97% lower than the volume measured
on the first MRI at the time of presentation and

Table 1 Volume of necrosis and percentage of the femoral
head aVected by osteonecrosis

Patient No

Stage III Volume Stage I Volume

cm3 % cm3 %

1 16.3 39.2 6.2 13.9
2 10.3 24.8 8.5 19.1
3 12.8 19.1 4.3 6.6
4 23.9 57.5 13.8 21.1
5 26.8 64.4 15.4 23.5
6 26.2 40.1 16 29.4
7 20.3 31 21.2 32.4
8 13.3 20.3 8.8 17.3
9 16.9 25.8 13.8 27.1

10 12 18.3 4.6 7
11 32 36.7 15.4 30.2
12 18.5 21.2 3.1 3.8
13 38.8 59.3 20 34.5
14 21.2 32.4 17 26
15 26.2 40.1 12 18.3
16 43.5 38.5 5.9 6.8
17 43.5 38.5 7.5 9.1
18 29.6 51.1 10 15.4
19 29 44.3 7.5 13
20 23.2 40.1 14.6 37.6
21 13 19.9 4.4 6
22 27.6 40.7 12.5 14.4
23 20 30.6 3.3 6.1
24 6 9.2 1 2.4
25 36.1 39.2 12.4 27.8
26 36.7 56.1 5.5 11.5
27 33.8 51.7 7.3 13.4
28 25.4 30.8 8 14.7
29 43.6 39.1 15.6 17
30 22.5 34.4 14.6 22.3

For all the data, cm3 = the volume of osteonecrosis in cm3; % =
the percentage of the femoral head aVected by osteonecrosis; the
volume of the femoral head is not the same on each side as
determined by the radius measured on each magnetic resonance
imaging scan.

Table 2 DiVerence in the volume between the osteonecrosis
of the two hips and time before collapse for the 30 hips
evaluated as stage I at the beginning of the study. The time
is the diVerence in months between the date of the
radiograph showing collapse and the radiograph done at the
first evaluation. Patients are ordered by increasing
diVerence in volume between osteonecrosis in the two hips

Patient
No

DiVerence in volume between
osteonecrosis in the two hips (cm3)

Time in months
before stage III

7 −0.9 4
2 1.8 6
9 3.1 6

14 4.2 5
8 4.5 5

24 5 No collapse
10 7.4 10
30 7.9

3 8.2 9
20 8.6 9
21 8.6 8

1 10.1 13
4 10.1 No collapse
6 10.2 12
5 11.4 15

19 11.5 12
15 14.2 14
22 15.1 17
12 15.4 No collapse
11 16.6 12
23 16.7 18
28 17.4 18
13 18.8 20
18 19.6 16
25 23.7 8
27 26.5 No collapse
29 28 23
26 31.2 No collapse
17 36 No collapse
16 37.6 No collapse

Bilateral hip osteonecrosis 819

www.annrheumdis.com

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.59.10.817 on 1 O
ctober 2000. D

ow
nloaded from

 

http://ard.bmj.com/


this diVerence was not significant. For the 23
hips with collapse at the last follow up and
evaluated first at stage I, the average volume
measured on MRI after collapse was 1.08%
higher than the volume measured on MRI
before collapse; the diVerence was not signifi-
cant.

The time between the collapse of the two
hips in each patient was related to the
significant diVerence (p<0.0000001) between
the volume of the two osteonecroses calculated
on the first MRI of both hips: the time
increased as the diVerence in volume of the two
osteonecroses increased (table 2). By logistic
regression analysis, the percentage volume of
osteonecrosis on the MRI at presention was a
significant predictor (p<0.01) of the time to
collapse of the second hip in this group of
bilateral osteonecrosis, one side with collapse
and the other without. For the selected group
of stage I hips, the percentage of the femoral
head aVected by the necrosis on the first MRI
ranged from 0 to 10% in eight hips and among
these eight hips, four (50%) had no collapse
two years after collapse of the first hip. The
percentage of necrosis was greater than 20% in
11 stage I hips and only one hip had no
collapse two years after collapse of the first hip.
The diVerence in survivorship of the stage I hip
for the three groups with the femoral head
aVected to a diVerent degree (<10%, 10–20%,
>20%) can be seen in the Kaplan-Meier curve
(fig 2).

Discussion
The goal of this study was to report the rate of
progression of osteonecrosis in the asympto-
matic hip of patients who were seen owing to
collapse and for surgery in the contralateral
hip. As many authors have indicated that the
extent of the necrotic lesion aVects the
outcome,14–16 we used volumetric analysis of the
lesion to investigate the influence of its size on
the rate of progression and to determine why
the disease progresses more slowly in the
asymptomatic hip than in the symptomatic hip.
We isolated in this study a subgroup of patients
who had received corticosteroid treatment for
only a short time, thus allowing determination
of the time of onset.

Several authors have used MRI to assess the
extent of osteonecrosis with diVerent methods:
visual estimation of the percentage of osteo-

necrosis in quartiles (Beltran) and volume esti-
mation using 2 cm slices (LaVorgue). Although
these methods are useful and allow indirect
volume estimation of osteonecrosis, they are
not an exact measure of the volume and do not
allow statistical comparisons. The technique
we used, well known in mathematics for calcu-
lating a volume by the integration of the surface
area, is more exact but time consuming. The
advantage is that its calculates the “exact” vol-
ume and percentage and allows statistical com-
parisons. Probably, in the next few years, auto-
matic volumetric analysis with 3D software
packages will simplify the procedure.

It is well known that patients who have bilat-
eral osteonecrosis of the femoral head may have
pain in one or both hips. A clinical dilemma
that commonly arises in the assessment of an
asymptomatic, radiographically normal hip,
but with an abnormal MRI scan at the time
that the contralateral hip is evaluated for pain,
is to determine the outcome of the asympto-
matic diseased femoral head. It is not known
how many asymptomatic hips with normal
findings on initial radiographs, but with an
abnormal MRI scan, will eventually manifest
symptoms and radiological changes. The com-
mon clinical challenge is the treatment (or not)
of such an asymptomatic hip.

In our study 23 of the 30 patients with stage
I asymptomatic osteonecrosis of the femoral
head progressed to symptomatic disease and to
stage III two years after the collapse of the first
hip. The unfavourable outcome for most of the
asymptomatic hips with an abnormal MRI
scan but normal findings on initial radiographs
in the present study is in agreement with the
findings reported by Bradway and Morrey.17 So
our experience has led us to believe that most
of the hips with MRI positive osteonecrosis of
the femoral head will progress to symptomatic
disease in patients with a previously collapsed
hip. Conservative surgical procedures (before
collapse or stage III) are reported to have bet-
ter results when performed at earlier stages.
Thus prediction of the time remaining before
collapse in the asymptomatic hip may be
important. In this series the volume of the
osteonecrosis seemed to predict the radiologi-
cal progression (occurrence of collapse) of the
osteonecrosis of the second hip when patients
already had a collapsed hip. The clinical
relevance of this observation is that if the

Figure 2 Kaplan-Meier curve showing survival probability before collapse over the two years’ follow up for the patients
with the femoral head aVected to a diVerent degree at presentation.
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diVerence in volume of both osteonecroses is
small, when one hip has collapsed, the other
asymptomatic hip will probably collapse
quickly, at least when the two osteonecroses
occurred at the same time or with a short
delay.18

Several other groups4 7 have begun to use
MRI to assess the severity of osteonecrosis.
These reports concluded that the size of the
lesion had a strong correlation with
outcome.8–10 Thus our observations with volu-
metric analysis of the size of the lesion are con-
sistent with a rapidly expanding number of
reports. This study was performed in patients
with osteonecrosis of both hips. The speed of
progression of osteonecrosis varied between
the hips and was related to the volume of the
osteonecrosis. One of the limits of this study
might be the comparison of the volume of
osteonecrosis with and without collapse. From
a theoretical point of view, the volume of the
osteonecrosis is greater before collapse. In this
series, however, the average volume measured
on MRI after collapse was 1.08% higher than
the volume measured on MRI before collapse.
The diVerence was not significant and may be
explained by the fact that after collapse, some
mobility of the sequestrum on the underlying
normal bone may destroy the repair tissue on
the underlying normal bone.
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