
ORIGINAL PAPER

Avascular necrosis of the femoral head:
inter- and intraobserver variations of Ficat
and ARCO classifications

Marcus Schmitt-Sody & Chlodwig Kirchhoff &
Wolfgang Mayer & Michael Goebel & Volkmar Jansson

Received: 6 December 2006 /Revised: 12 December 2006 /Accepted: 16 December 2006 /Published online: 30 March 2007
# Springer-Verlag 2007

Abstract Diagnosis of avascular necrosis (AVN) of the
femoral head depends on the combination of clinical
symptoms and evaluation of radiographs and/or magnetic
resonance imaging (MRI). To evaluate the evolution of AVN,
the Ficat and the Association Research Circulation Osseous
(ARCO) classification are commonly used to assess both
imaging modalities. For comparison reasons, these classi-
fications need to be reliable and reproducible to provide
sufficient therapy options for the patient. Therefore, the aim
of our study was to evaluate the interobserver reliability and
the intraobserver reproducibility of these classifications.
Patients with suspected AVN were examined using either
radiographs or radiographs and MRI. The radiographs and/or
MR images were reviewed initially and at 3 months by two
general orthopaedic surgeons, two orthopaedic residents, and
two general radiologists using the Ficat classification for
radiographs and MR images as well as the ARCO classifi-
cation for MR images only. In all, 38 patients (54 hips) were

enrolled. There were 10 patients who presented with radio-
graphs and 28 patients with radiographs and MR scans.
Paired comparisons revealed a mean interobserver kappa
reliability coefficient of 0.39 for the first and of 0.32 for the
second review using the Ficat classification for radiographs,
whereas for the MR images a mean of 0.39 in the first and of
0.34 in the second reading resulted. The MRI evaluation
using the ARCO classification resulted in a mean interob-
server reliability coefficient of 0.37 in the first and of 0.31 in
the second reading. The mean kappa value for intraobserver
reproducibility using the Ficat classification was 0.52 for
radiographs and 0.50 for MR images, whereas a reproduc-
ibility of 0.43 resulted for the ARCO classification. This
study showed poor interobserver reliability and fair intra-
observer variability, diminishing any meaningful comparison
of studies using the Ficat as well as the ARCO classification.
Thus, the Ficat and ARCO staging systems are still not
sufficient to reliably assess the status of AVN alone.

Résumé Le diagnostic des nécroses vasculaires de la tête
fémorale (AVN) dépend de l’analyse des signes cliniques et
de l’évaluation des signes radiographiques ainsi que de
l’IRM. Afin d’évaluer l’évolution de l’ostéonécrose de la
hanche selon la classification de la Ficat et la classification
ARCO, ces examens d’imagerie sont habituellement uti-
lisés. Le but de notre étude est d’évaluer la fiabilité de ces
différents paramètres inter et intra observateurs. Matériel et
méthode : les patients suspects d’ostéonécrose de la hanche
ont été examinés sur le plan radiographique et sur le plan
IRM. Les radiographies et les images IRM ont été évaluées
initialement trois mois après par deux chirurgiens orthopé-
distes, deux résidents en orthopédie et deux radiologues en
utilisant la classification du Ficat et la classification ARCO
pour les images IRM. Résultats : 38 patients (54 hanches)
ont été inclus dans cette étude. 10 patients n’ont bénéficié
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que d’une radiographie et 28 patients d’une radiographie et
d’un scanner. En inter observateur, la classification de Ficat
montrait une fiabilité de 0.39 et de 0.32, les images en
résonance magnétique montrant une fiabilité inter observ-
ateur de 0.39 et de 0.34. L’évaluation par l’IRM en utilisant
la classification ARCO montrait une fiabilité inter observ-
ateur de 0.37 dans la première lecture et de 0.31 lors de la
seconde lecture. La fiabilité intra observateur était de 0.52 en
utilisant la classification de Ficat, de 0.50 pour le scanner et
de 0.43 pour la classification ARCO. En conclusion : cette
étude montre une fiabilité inter observateur faible, une
bonne fiabilité intra observateur en utilisant la classification
de Ficat et la classification ARCO. Cependant, les classi-
fications ne sont pas suffisantes pour avoir une idée sûre du
stade de la nécrose avasculaire.

Introduction

Osteonecrosis affects both compact and cancellous bone in a
circumscribed area. The clinical picture of non-traumatic
femoral head necrosis was first described more than 50 years
ago. Nowadays avascular necrosis (AVN) continues to
present a challenging clinical problem because it affects
mostly middle-aged patients in their active phase of living.
Another aggravating factor is that in 30–70% of the patients
both hips are involved, with a peak incidence at 40 years of
age [8]. In contrast to traumatic causes such as subcapital
fracture or hip dislocation leading to vascular disruption and
acutely deficient perfusion of the femoral head, the exact
aetiology of AVN remains obscure [3, 13]. A multifactorial
genesis is discussed involving several underlying diseases,
such as Gaucher's disease, ionizing radiation, steroid
therapy, and risk factors such as alcoholic excess, hyperuri-
cemia, pancreatitis and pregnancy [7, 10]. Osseous necrosis
can develop from failure of arterial supply, obstruction of
venous drainage, intraluminal capillary obstruction and
compression of the capillaries in the bone marrow space.

Current pathophysiological models claim recurrent ischae-
mic attacks on bone are followed by an increase of intra-
osseous pressure, most probably due to oedema since bone
marrow is functionally a closed compartment. The intra-
osseous venules and capillaries are consequently compro-
mised, resulting in the vicious circle similar to the
compartment syndrome of the extremities.

In the past, several staging classifications have been in-
troduced and used, some based only on plain radiographs
and others on imaging modalities such as computed
tomography, magnetic resonance imaging (MRI) or bone
scintigraphy. It has been demonstrated that an early
diagnosis of AVN plays a crucial role with respect to
prognosis and therapeutic success [15].

The classification system introduced by Ficat [4] is
possibly the most commonly used. However, in the
literature this classification system has been criticised
because of great inter- as well as intraobserver variability
[11, 18]. Moreover, the Ficat classification does not take the
size and location of the necrotic area into account. For
appropriate consideration of the missing parameters the
ARCO (Association Research Circulation Osseous) classi-
fication system was introduced [6].

Many authors have recommended treatment on the basis
of the symptoms together with the Ficat and the ARCO
classification using radiographs and MRI.

Treatment with pulsed electromagnetic fields or core
decompression or both, bone grafting and decompression,
and rotational transtrochanteric osteotomy have been sug-
gested for Ficat stage I lesions [1, 14, 17]. These procedures
as well as vascularised fibular grafting, rotational trans-
trochanteric osteotomy and intertrochanteric osteotomy have
been recommended for stages II A and B [1, 9, 16]. All these
treatments as well as surface replacement and total hip re-
placement have been recommended to treat stage III lesions.

The choice of treatment and the judgement of its efficacy
often are directly based on the Ficat/ARCO stage. Thus, the
determination of the Ficat or ARCO stage has important
consequences as it has a direct bearing on the patient’s
clinical course.

Although these radiological parameters are commonly
used to evaluate the stage and progress of disease, most scores
and calculations have not been analysed in more detail. A
classification system provides a description of meaningful
biological information and should be reproducible from one
observer to the next as well as by one observer on separate
occasions. The absence of reproducibility clouds the compre-
hension and comparison of studies and treatment recommen-
dations which are based on such classifications systems.

Therefore, the aim of our study was to evaluate inter- as
well as intraobserver reliability and variability of common-
ly used parameters of Ficat and ARCO on plain radiographs
and MR images for the classification of femoral head
necrosis.

Patients and methods

Between 1998 and 2004, all patients with suspected AVN
were examined at our University Hospital’s department of
radiology using only plain radiographs or both radiographs
and MRI. The inclusion criteria for suspected AVN were
typical clinical symptoms such as sudden pain in the hip
following trauma or, in the absence of trauma, the coinci-
dence of certain co-morbidities such as Gaucher's disease,
diabetes, hypertension, rheumatic diseases, etc.
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All identifying data on either radiographs or MR images
were anonymised and randomised. Each radiograph and
MR sequence was reviewed and classified by six observers:
two general orthopaedic surgeons, two orthopaedic resi-
dents and two general radiologists. All observers were
familiar with the Ficat as well as the ARCO classification
system and had used it in daily clinical routine previously.
The observers were provided with a copy of both
classification systems to be used. They were allowed to
refer to the copies as often as necessary during reading of
the images. Each observer read the images on his own apart
from a third person not involved in the study, documenting
the results. During or after the reading, no discussion
among the observers was allowed. The observers were
given as much time as they needed to carefully review each
radiograph or MR-image sequence. After a decision had
been made, the images of the next hip/hips were displayed
until all hips had been classified and documented.

After a period of three months all hips were reviewed
again on a second occasion. In the interim the images were
not available for any observer, no feedback regarding the
initial reading was provided. The second review of images
was performed in the same way as the first image reading
session.

Statistical analysis

Computer-assisted statistical analysis (SAS, Heidelberg,
Germany) was used to determine the inter- and intra-
observer reliability of both classification systems for radio-
graphs and MRI by calculating the weighted Cohen’s kappa
index. The kappa values were generated by setting the
observed proportion of agreement in relation to the
proportion of agreement by chance. Kappa values of less
than 0.5 indicated poor agreement and values greater than
0.75 were considered as excellent agreement. The accuracy
or the measurement of how close an experimental observa-
tion lies to the true value was impossible because the
correct classification for each evaluated hip was not
available and not known. Therefore, the level of agreement
between observers in terms of interobserver reliability and
between each review of each observer in terms of intra-
observer variability was assessed over time for both the
Ficat and the ARCO classification system.

Results

Overall 38 patients (16 women, 22 men, mean age
55.5 years, SD 10.6 years) were enrolled; 54 hips were
included in this study and evaluated.

Ficat classification (see Table 1)

Interobserver reliability

For the interoberserver reliability of radiographs (Table 1),
a mean reliability coefficient of 0.36 resulted (range 0.11 to
0.68) averaged over both reviews. For the first review, a
mean interobserver reliability coefficient of 0.39 resulted,
whereas for the second review the mean interobserver
reliability coefficient was 0.32.

The MR evaluation revealed a mean interobserver
reliability coefficient of 0.37 (range 0.23 to 0.70). The
mean interobserver reliability coefficient was 0.39 for the
first review and 0.34 for the second review.

Intraobserver reproducibility

The mean weighted kappa intraobserver reproducibility
coefficient for radiographs was 0.53 (range 0.29 to 0.76)
among the six observers.

For the evaluation of the MR images a mean weighted
kappa intraobserver reproducibility coefficient of 0.50
resulted (range 0.29 to 0.71).

ARCO classification (see Table 2)

Interobserver reliability

For the interoberserver reliability of MRI (Table 2), a mean
reliability coefficient of 0.35 resulted (range 0.06 to 0.56),
averaged over both reviews. For the first review, a mean
interobserver reliability coefficient of 0.38 resulted, where-
as for the second review the mean interobserver reliability
coefficient was 0.31.

Intraobserver reproducibility

For the evaluation of the MR images a mean weighted
kappa intraobserver reproducibility coefficient of 0.44
resulted (range 0.26 to 0.56).

Discussion

In this study the intra- as well as the interobserver
variability and reproducibility for the evaluation of avascu-
lar necrosis of the femoral head was assessed using the
Ficat as well as the ARCO classification. We demonstrated
a poor interobserver reliability and a fair intraobserver
variability, diminishing any meaningful comparison of
studies using the Ficat as well as the ARCO classification
system. Thus, these staging systems are still not sufficiently
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reliable to assess the status of avascular necrosis of the hip
on a use-alone basis.

Radiological evaluation of the stage and extent of
disease plays an important role in avascular necrosis of
the femoral head [15]. In the literature an increasing
number of studies deal with the predictive quality rating
of radiological classification schemes [15, 20].

However, the reproducibility of these analysis techniques
has not been evaluated. These orthopaedic classification
systems provide subdivisions in the spectrum of presenta-
tion of certain disease processes. These classification
systems need to be of reproducible character among different
observers as well as by the same observer on different
occasions.

Sophisticated diagnostics should provide the information
as to whether joint-conserving surgery is reasonable or
already too late. Thus, diagnostic instruments providing
high reliability are necessary especially for the correct and
adequate staging of femoral head necrosis.

The modified Ficat system described by Smith et al. [18]
does not provide sufficient information for the staging of
the disease. In this study, two different classification
systems, the Ficat as well as the ARCO classification, were
used to stage osteonecrosis of the hip using both radio-
graphs and MR images. Other orthopaedic studies dealing
with evaluation of orthopaedic classifications of osteonec-

rosis of other bones than the hip also used kappa statistics,
describing disappointing results with kappa values ranging
from 0.4 to 0.57 for interobserver variability and from 0.58
to 0.69 for intraobserver reproducibility [2, 5]. A modified
scheme of kappa values, as recommended by Smith et al.
[18] was used for the interpretation of this study’s results,
interpreting kappa values between 0.50 and 0.75 as fair
and >0.75 as excellent. According to these modified
guidelines, the present study presented poor interobserver
reliability using the Ficat classification for radiographs and
MRI in addition to the ARCO classification for MRI. Fair
intraobserver variability was found for the Ficat classifica-
tion on radiographs and MRI compared to poor variability
within the readings of each observer using the ARCO
classification. No excellent results were found regarding
interobserver reliability or intraobserver variability. Our
findings reinforce the results of Smith et al. who used the
modified Ficat classification only.

Although not statistically analysed in this study, the
reviewers were least likely to change their classification
when initially classifying hips as stage I or IV. This is
presumably because stage I or IV present more clearly
obvious changes either of normal or severely osteonecrotic
character respectively. In comparison, in most classifica-
tions of stage II A/B or III these hips were differently
staged in the second review, most likely due to various

Table 2 Scheme of ARCO classification system (1992) [6]

Stage Radiological findings Subclassification

0 positive: histology negative/normal: Radiograph/CT/MRI/scintigraphy –
I positive: MRI and/or bone scintigraphy negative/normal: radiograph/ CT +′ (a)
II Radiograph: sclerotic, cystic or osteoporotic changes of femoral head +′ (a)
III Radiograph: subchondral fracture (“crescent sign”) +′ (a)
IV Radiograph: flattening of femoral head ++′ (b)
V Radiograph: flattening of femoral head and osteoarthrotic changes: decreased joint space

and acetabular changes
++′ (b)

VI Complete joint destruction –

(a) Location of femoral head necrosis: 1) medial third, 2) median third, 3) lateral third. Size of femoral head necrosis: A) <15%, B) 15–30%, C)
>30%
(b) Intrusion degree of femoral head contour: A) <2 mm, B) 2–4 mm, C) >4 mm

Table 1 Scheme of Ficat classification (1985) [4]

Stage Radiographic signs Clinical features

0 Inconspicious/normal findings 0 (“silent hip”)
I Inconspicious findings or minor changes (slight patchy osteoporosis,

blurring of trabecular pattern, subtle loss of clarity)
+

II A Diffuse/ focal radiological changes (osteoporosis, sclerosis, cysts) +
II B Subchondral fracture (“crescent sign”) segmental flattening of femoral

head (“out-of-round appearance”)
+

III Broken contour of femoral head, bone sequestrum, joint space normal ++
IV Flattened contour of femoral head, decreased joint space collapse of femoral head, acetabular osteoarthrotic changes +++
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interpretations of the phrases of both classifications with
regard to the description of middle stages [4].

As stated above, the reliability of our results showed a
high variability of the Ficat classification. Thus, it was
concluded that the Ficat classification is not appropriate for
the evaluation of femoral head necrosis and more reliable
classifications should be used. The ARCO scheme was actually
developed to be able to simultaneously evaluate different
aspects of femoral head necrosis. Unfortunately, in comparison
to the Ficat classification no significant improvement of
reliability resulted from using the ARCO classification.

Due to the lack of excellent interobserver reliability
results it is not possible to make comparisons between
studies of different study centres even in cases using similar
classification. Also, because no excellent intraobserver
variability was described it is not plausible to rely on
outcome studies when they are based on either radiographs
or MRI since both classifications did not result in excellent
intraobserver variability, being assessed over time, e.g.
before and after treatment by the same observer or group of
observers.

So far only one study exists describing the possibility of
radiologically assessing the extent of necrotic area of the
femoral head [19]. Unfortunately, this study presents only a
small number of patients and is limited to the initial
necrotic stages; thus, the figures shown are not sufficiently
representative. Although an exact and precise evaluation of
the extent of affected area should be possible using MRI
and CT, it remains unclear whether these modalities provide
exact information on the real necrotic volume [12, 20], and
whether a higher accuracy of diagnosis would inevitably
lead to improved treatment results.

Unfortunately, the classification schemes for osteone-
crosis of the femoral head of Ficat and ARCO do not have
acceptable interobserver reliability and intraobserver re-
producibility on which treatment protocols and determi-
nation of outcome can be based. However, MRI and CT
offer a more detailed view of the involvement of the
femoral head, subchondral collapse, narrowing of the joint
space and acetabular changes found with the progression
of this disease. Nevertheless radiographs will continue to
play an important role in the evaluation of follow-up of the
disease, even though other, modern imaging modalities
such as MRI are available.
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