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ABSTRACT

This review addresses the imaging features of femoral head osteonecrosis. Although the initial evaluation
should include plain radiography in combination with thorough history and physical examination, MRI
represents the method of choice for an early detection and correct diagnosis. It is also highlighted the im-
aging findings that enable differentiation of femoral head osteonecrosis from other pathological conditions

including transient osteoporosis and arthritis.
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Introduction

Osteonecrosis of the femoral head is a common
disease caused by ischemia or disruption of the
blood flow of the epiphyseal-subchondral bone [1],
resulting in bone loss and weakening of the femoral
head with complications such as fracture and os-
teoarthritis. It most often affects males, aged 30-50
years with bilateral involvement up to 72% [2]. The
etiology is uncertain: idiopathic causes (37%), sys-
temic diseases, trauma, corticosteroids and alcohol
abuse [3].

Pathogenesis and Clinical Manifestations
Genetic predisposition, metabolic and local fac-
tors can compromise the microvascular circulation

CORRESPONDING
AUTHOR,

tel: 6977472359

GUARANTOR

of the femoral head leading to bone necrosis that af-
fects first the hematopoietic cells, then the bone cells
and finally the fat cells [4]. The reparative process
involves peripheral revascularization of the ischem-
ic area with activation of osteoclasts and osteoblasts
leading to osteopenia and new bone formation.
Subsequently, cell migration takes place from the
periphery of the lesion to the necrotic center to re-
pair the damaged area [5,6]. The complications of
the above procedure concern the formation of ab-
normal, mechanically weak bone, prone to subchon-
dral fractures and subsequent osteoarthritis of the
hip [7].

The most common symptom is acute hip pain
located mainly in the groin radiating to the thighs
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Figure 1. X-ray of pelvis and hip show a stage -II oste-
onecrosis of the left femoral head -crescent sign

or buttocks, followed by functional impairment.
Negative inflammatory markers and absence of fe-
ver help to differentiate femoral head osteonecrosis
from inflammatory and septic arthritis .A normal
plain hip radiography excludes hip arthropathy
from the diagnosis at initial stages [8].

Classification

Among the multiple classification systems have
been proposed for femoral head osteonecrosis the
most commonly used are: 1) Ficat and Arlet, 2) Uni-
versity of Pennsylvania/Steinberg, 3) Association
Research Circulation Osseous (ARCO) [9,10]. Ficat
and Arlet is the simplest classification system de-
veloped in 1964. It was based on radiographic find-
ings to stage the disease, without considering the
size or location of the osteonecrotic lesion, two im-
portant factors which are used nowadays to predict
the therapeutic outcome [11]. The Steinberg system
and the Association for Research on Bone Circula-
tion (ARCO) systems were designed in 1985 and
1994 respectively and included computed tomog-
raphy (CT) and magnetic resonance imaging (MRI)
findings to diagnose disease in early stage [12].

According to the classification systems, plain
radiography has been shown to be inaccurate in
assessing the degree of femoral head depression,
overestimating ARCO stage Il and underestimating
ARCO stage III lesions [13]. Therefore, it is useful

in assessing the degree of femoral head collapse af-
ter stage III of the ARCO classification system [14],
MRI is useful for diagnosing disease in stages pri-
or to collapse of the femoral head, distinguishing
early from advanced disease, and quantifying the
osteonecrotic lesion (location and size) [15].

Imaging findings

The plain radiograph findings according to the
Ficat and Arlet system [11] include: stage 0: normal
radiograph, stage I: normal radiograph and acute
hip pain, stage II: sclerosis, osteopenia and cystic
changes in the femoral head with preservation of its
shape and the hip joint space, stage IlI: radiographic
crescent sign - subchondral lucent line on the femo-
ral head - with preservation of its shape and the hip
joint space and stage IV: flattening of the femoral
head and hip joint arthropathy ( Fig.1). The same
applies to CT, with the method being more sensi-
tive in advanced stages, especially in stage III that
can detect easily subchondral fractures and femoral
head collapse. At CT a sclerotic line is seen, separat-
ing necrotic from viable bone [16].

Bone scintigraphy is used for diagnosis when
plain radiography is normal and MRI is contraindi-
cated. It has high sensitivity in detecting multifocal
lesions, however due to low spatial resolution and
low sensitivity it cannot be used for the quantifica-
tion of the lesion [17].

MRI achieves excellent sensitivity and specific-
ity for detecting the disease at early stages and is
considered the method of choice for staging and
quantification of the lesion, particularly when the
plain radiography is negative, as well as for the
follow up [15]. The Mitchell et al. [18] classifica-
tion is commonly used for staging of the disease.
The hall-mark of the disease is a sclerosing hypoin-
tense “band-like” lesion of the femoral head in axial
MR-images. The pathognomonic finding is a ser-
pentine rim on T2-weighted images, the “double
line sign” (Fig.2). Its outer rim corresponds to reac-
tive tissue of low signal intensity on T2-weighted
images and the inner rim to hyperintensity vascu-
lar-regenerative tissue at the necrotic-viable inter-
face of the lesion. The inner central area shows low,
iso - and high signal intensity compared to normal
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Figure 2. Axial and Coronal T1 and STIR images show bilateral femoral head osteonecrosis-double line sign.

bone marrow depending on the stage of the disease
[16]. Paramagnetic contrast media administration
can be used preoperatively to evaluate the contour
of the femoral head and postoperatively to monitor
the vascularized graft [19].

Joint fluid collection is seen in 50% of all cases. Bone
marrow edema is not a finding in the early stages of
the disease [20] and it is never seen before the pres-
ence of the band-like sign [21]. Its appearance cor-
relates significantly with the onset and progressive
worsening of the pain. It is a poor prognostic sign
as it is related to subsequent collapse of the femo-
ral head (Fig.3) [22]. The presence of subchondral
fractures is a complication in femoral head osteone-
crosis. They are seen as smooth low signal intensity
areas on T1-weighted images, concave to articular
surfaces extending along the whole necrotic region.

Staging and Quantification
The size of the necrosis is an important factor

in determining disease prognosis and therapeutic
management. Various quantification methods have
been developed to characterize the size/location
of the necrosis and at the moment three systems
are widely used: Steinberg classification, Japanese
Investigation Committee (JIC) classification and
modified Kerboul classification [23]. In the Stein-
berg System the extent of involvement is estimated
as a percentage of the articular surface or the fem-
oral head area (< 15% of articular surface or head
affected), moderate (15-30%), and severe (> 30%)
[24]. In the JIC classification, the extent of femo-
ral head involvement is estimated as the percent-
age of the weight-bearing area on the mid-coronal
T1-weighted image: type A lesion < medial 1/3 of
weight-bearing area, type B lesion < medial 2/3 of
weight-bearing area, type C1 lesion > medial 2/3
of weight being area without exceeding the acetab-
ular rim and type C2 lesion exceeding the acetab-
ular margin [25]. In the modified Kerboul classifi-
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flattening and hip arthropathy.

cation system, the extent of necrosis is quantified
by the combined angle of the necrotic portion on
the mid-coronal and mid-sagittal MR images of the
femoral head. The system distinguishes three cat-
egories: small lesions (combined necrotic angle <
190°), medium-sized lesion (combined necrotic an-
gle between 190° and 240°), and large lesion (com-
bined necrotic angle > 240°) with increased risk
of femoral head collapse at the medium and large
sized lesions [26,27].

The radiological report for the diagnosis of os-
teonecrosis and for treatment planning should in-
clude the following: 1) the site of necrosis, 2) the
stage of necrosis, 3) the presence of a subchondral
fracture, 4) the degree of collapse of the articular
surface (critical point >2 mm) and 5 ) the quantifica-
tion of necrosis (Table I).

Differential diagnosis

The differential diagnosis on MR imaging in-
cludes a) potential pitfalls (persistent red marrow,
fovea centralis, synovial herniation pits) and b)
pathological conditions (subchondral cysts, idio-
pathic transient osteoporosis, subchondral insuffi-
ciency fractures, stress injuries, arthritis) that can
misinterpret as femoral head osteonecrosis.

Figure 3. Axial and Coronal T1 and STIR images show late- stage left femoral head osteonecrosis with femoral head

Figure. 4 TOH. Coronal STIR image shows right fermo-
ral head and neck bone marrow edema-sparing sign

Persistent red marrow: The presence of red mar-
row in the subchondral region of the femoral head
is found more often in women. Normal red marrow
signal intensity is higher than of adjacent muscle,
whereas in femoral head osteonecrosis, T1-weight-
ed signal intensity of the involved area is lower
than that of adjacent muscle [28].

Fovea centralis: The central fovea represents the
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TABLE L.

ARCO proposed algorithm about the correlation of imaging findings and treatment planning

Clinically suspected AVN

v

| Hip joint plain radiographs |

l

| Features suggestive of AVN |

YES —

\
g gy

ARCO stage Il ARCO stage Il ARCO stage IV MRI
Sclerosis, Osteolysis ["crescent sign”t (osteoarthritis)

| Alternative diagnosis

articular collapse)

| l

MRI MRI

diagnosis/guantification {quantification)

y

CD+bisphosphonates | VBG

normal anatomic attachment of the ligamentum
teres and it is demonstrated as a low-signal inden-
tation on the medial rim of the femoral head (3
o’clock on axial MR images) [28].

Herniation pits: It is a benign lesion that resem-
bles a subchondral cyst. The lesion is typically locat-
ed at the 10 and 2 o’clock position in the subchon-
dral region of the femoral head, a fact that helps
distinguish it from AVN [29].

Transient osteoporosis (TOH): It occurs more
often in middle-aged men and women in the per-
inatal period, without a history of trauma, and it
is always unilateral [30] in contrast to the more
common bilateral involvement of femoral head
osteonecrosis [31]. Radiography typically shows
severe osteopenia and cortical bone loss in the
femur within 5 weeks of the onset of symptoms.
Constant finding on spinal and hip DXA is osteo-

|

‘ Features suggestive of AVN |

1
CING

ARCOstagel | Alternative diagnosis

["band-like” lesion)

J

| CD+bisphosphonates |

penia or osteoporosis. MRI shows bone marrow
edema in the early phase of the disease with im-
aging findings becoming apparent in about the
first 48 hours. A pathognomonic sign (the “spar-
ing” sign) is the presence of extensive bone mar-
row edema sparing the inferior medial part of
the femoral head and the greater trochanter and
is visualized in 90% of patients at approximately
4 to 6 weeks (Fig.4) [32]. After intravenous con-
trast injection there is marked enhancement of
the hip joint due to reactive synovitis. In TOH,
subchondral fractures are described in up to 49%
patients and they are seen as irregular, thin lines
deep in the articular surface, often discontinuous,
with low signal intensity in all sequences. How-
ever MR signal characteristics of the necrotic area
in femoral head osteonecrosis varies according
to the stage of the disease. Finally, the imaging
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findings of TOH resolve spontaneously within 6-9
months after weight-bearing restriction and anal-
gesic therapy [30].

Stress injuries: They are stress fractures (more
common in athletes) or insufficiency fractures (over
the age of 60) [28]. Plain radiograph may initially
be normal on MRI, bone marrow edema and peri-
articular tissue edema are initially visualized, and
then a low-signal linear or curvilinear fracture line
on all sequences appear in the medial subchondral
region of the femoral head [31]. In equivocal cases
a history of trauma and the presence of osteopenia
may help in the differential diagnosis from femoral
head osteonecrosis.

Infectious and inflammatory diseases: An unex-
plained monoarticular joint-fluid collection in high-
risk individuals (immunosuppression, renal failure,
DM, intravenous drug users) raises the suspicion of
septic arthritis. MR imaging abnormalities present
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