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Summary. Background: The pathogenesis of non traumatic osteonecrosis of the femoral head (ONFH) has
not yet been established. The literature shows a variable nomenclatura for this condition that often leads
to confusion. Several risk factors have been identified but histopathological and radiological outcomes
are common. Purpose: To provide the overview on the current knowledges about the nomenclatura, etiol-
ogy, disease progression, relationship between histopathological changes and imaging techniques in or-
der to stage the disease accurately. Etiology and pathogenesis: Genetic predisposition, metabolic factors, lo-
cal factors affecting blood supply such as vascular damage, increased intraosseous pressure and mechani-
cal stress are involved in this desease. The final results are bone ischemia and infarction getting bone
deathand FH collapse. Histopathological aspects and staging systems: Several staging systems have been de-
veloped to stage ONFH based on imaging techniques.The subchondral collapse, the size or quantifica-
tion of the lesion, and the lesion location within the femoral head are identified as the most important
prognostic factors in ONFH disease. Histological analysis plays a critical role to evaluate the quality of
necrotic area and the differences between microscopic, macroscopic and imaging outcomes were detected.
Conclusions: an ideal staging system is necessary to stage ONFH desease to detect several aspects, but itis
more difficult to create. At the present time we summarize some aspects that are advisable to focus during
ONTFH for the correct treatment.(www.actabiomedica.it)
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Background

Osteonecrosis (ON) is a disease characterized by
an impaired blood flow in the bone. It is the final out-
come of severe and prolonged ischaemia (1). The liter-
ature shows a variable nomenclatura for this condition
that often leads to confusion. The terms “aseptic, avas-
cular, ischemic necrosis” and “bone infarction” share
the same etiology and pathogenesis. The first three
terms are generally used for epiphyseal or subchon-
dral bone necrosis and “bone infarction” is used for a
metaphyseal and diaphyseal necrosis (2). In 1991 the
Association Research Circulation Osseous (ARCO)

defined “ idiopathic osteonecrosis” of the femoral head
(ONFH) as a disease that causes an ischemic necrosis
without trauma or sepsis and it evolves into second-
ary osteoarthritis (3,4). Although steroids and alcohol
are important etiological factors, some authors include
the “steroids and alcohol induced” necrosis in the idi-
opathic form because the pathogenesis have not yet
been established (2). However, the various forms of
idiopathic ONFH have a common histopathological
and radiological outocmes (5).

The name avascular necrosis may be misleading
because there was not evidence that bone cells die by
necrosis. Moreover cell swelling and inflammatory re-
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sponses do not occur in ONFH as it happens in soft
tissue necrosis (6).

Aim

Our intention was to provide the overview on the
current knowledges about the nomenclatura, etiology,
disease progression, relationship between histopatho-
logical changes and imaging techniques in order to
stage the disease accurately.

Etiology and pathogenesis

ONFH is an significant socio-economic problem
since it affects about 75% of patients between 30 and
60 years of age. It has often constrained patients to
change their lifestyles and work activities (8,9). The
true prevalence of the disease is unknown. Approxi-
mately 20,000 to 30,000 new patients with ONFH
are diagnosed each year in the USA and there are
300,000-600,000 people having the disease (9,10).

Genetic predisposition, metabolic factors, local
factors affecting blood supply such as vascular dam-
age, increased intraosseous pressure and mechanical
stress develop this disorder. The final results are bone
ischemia and infarction getting bone deathand FH
collapse (11-13).

The pathophysiology of non-traumatic ONFH
remains unclear. Most studies agree that ONFH is
associated with microvasculature occlusion of termi-
nal vascular network, direct cellular toxicity, or altered
mesenchymal stem cell differentiation (14).

The main risk factors of nontraumatic osteone-
crosis associated with microvasculature occlusion are:
the therapy with high doses of glucocorticoids (GCs),
excessive alcohol intake, adipocytes hypertrophy, an-
tiphospholipid antibodies, inherited thrombophilia,
and hypofibrinolysis, sickle cell anemia, Gaucher
disease, decompression sickness (14-17). The direct
cellular damage is due at radiation therapy, chemo-
therapy and antiretroviral therapies for HIV-AIDS
(14,18). Recently, some studies have estimated an
incidence of 9% in patients undergoing organ trans-
plantation (19).

The estimated frequency of these risk factors in
the USA is alcohol abuse (20-40%), corticosteroid
therapies (35-40%) and the rest of osteonecrosis are
considered idiopathic (20-40%) (20).

Many studies in the past decade have shown that
genetic factors have been implicated in the etiology of
ONFH. Among these alpha-2-macroglobulin (A2M)
gene, that experesses for a plasma protein implicated
in hemostasis as thrombin regulator (21-24), has been
shown to be upregulated on glucocorticoid induced
ONFH in rat model. Glucocorticoids, infact, are the
most common non-traumatic cause of ONFH, be-
cause of their modification in endothelial function,
by modulation A2M gene expression, and because of
their effect on procoagulation mediators (Factor VIII
& IX & VWEF) and fibrinolysis inhibitor mediator
(PAI-1) that promote the thrombus formation and
subsequently induces ischemia.

Other major players in this process are 20210A
gene mutation, especially on the knee and hip avascu-
lar necrosis (25, 26) and Hypoxia-inducible factor-1
o (HIF-1a), a master regulator of cellular response to
hypoxia. It has been reported that, after an ischemic
event in the cartilage, there is a coordinated upregula-
tion of HIF-1a and Vascular Endothelial Growth Fac-
tor (VEGF) expression (27). Also nitric oxide regulates
bone turnover through osteoblasts and osteoclasts. Jun
et al. in 2014 reported that the expression level of in-
ducible nitric oxide synthase (iNOS) increases in oste-
onecrotic samples, suggesting that more nitric oxide is
being produced in this tissue.

They also found that the apoptosis of numerous
osteocytes in the avascular necrosis group was mainly
associated with the consistently high expression level
of iNOS. Moreover nitric oxide production is im-
paired by T-786C eNOS single nucleotide polymor-
phism, that leads to vasoconstriction, platelet aggrega-
tion, reduced angiogenesis and bone formation, all of
which may be associated with avascular necrosis of the
hip (28).

Several studies have identified that also hyper-
lipidemia in the femoral head, induced by GCs and
alcohol abuse, is associated with ONFH: Kim et al.
in 2008 evaluated the association between sterol regu-
latory element binding factor (SREBP-2) gene poly-
morphisms and the susceptibility of ANFH in the
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Korean population (29). A year later Lee et al. like-
wise reported that a polymorphism in intron 7 of the
SREBP-1 gene is associated with an increased risk of
avascular necrosis (30). This would provide the asso-
ciation between ONFH and altered lipid metabolism.

Noteworthy is COL2A1 mutation, that have
been reported to be associated with ONFH affecting
both femurs in autosomal dominant inheritance path-
way in a Japanese family.

This mutation (p.G1170S) alters type II colla-
gen structure which could be the cause of inherited
ONFH (31). Confirming this hypothesis, abnormal
large-diameter collagen fibrils was present in the epi-
physeal cartilage of ONFH patients (32).

Recent studies have showed that bone’s remod-
eling balance is maintained in the microenvironment
of the femoral head, although this process is both local
and systemic. The major systemic regulators include
growth hormone, parathyroid hormone, glucocor-
ticoids, thyroid hormones, and sex hormones. As far
as local regulation of bone remodelling is concerned,
many cytokines and growth factors including OPG/
RANK/RANKL have been recently identified (33).
It was found that the expression of these genes was
higher in osteonecrotic samples (34) and, at the same
time, different expression levels of bone morphoge-
netic protein (BMP), that promote bone and cartilage
formation, was found in healthy and necrotic sites of
femoral heads in patients with avascular necrosis (35).

The balance between bone resorption and osteo-
genesis can maintain the integrity of the bone micro-
environment but when regulators switch the balance
into increasing bone resorption and decreasing bone
formation in the bone microenvironment of femoral
head, thus, femoral head will collapse (36).

The natural history of anuntreated non-traumaic
ONFH shows a progressive subchondral fractures and
collapse femoral head usually occurs within 2 years,.
This happens particularly in patients with bilateral in-
volvement and uncontrolled etiology (37-39, 40-43).

While patients with  unilateral non-traumaic
ONFH have an high risk to develop contralateral
non-traumaic ONFH within the first 2 years after di-
agnosis, This risk decreases thereafter (43-47).

Several studies have examined disease progres-
sion without treatment (45,48,49). Ha et al. using

Kerboul classification demonstrated that the hips with
a combined necrotic angle of <190° did not develop
collapse; instead the hips with a combined necrotic an-
gle of > 240° collapsed. (44)

Fifty percent of the lesions between those values
collapsed.

In Mont et al., <10% (seven) of 101 hips with
asymptomatic, small (a Kerboul angle of <200°), me-
dially located lesions progressed to collapse compared

with 25% for all others (45).

Histopathological aspects and staging systems

The most common affected region is the anterior-
lateral area of the femoral head because it is the

most stressed area of the skeleton having to deal
with great mechanic stress and support heavy loads
(50). The histological aspect of osteonecrosis is empty
osteocytic lacunae. Loss of osteocytes is complete after
two-four weeks after the onset of ischemia (51-53)

The first microscopic signs of ischemia begin in
the marrow spaces after two days, as well as loss of
nuclear staining of marrow cells, and large round and
ovoid spaces filled with fat (54).

Then the fat and hematopoietic marrow disappear
and small vessels show necrosis; after 2 weeks the os-
teocytic lacunae are empty and the trabecular surface is
devoid of cells. Capillaries with fibroblasts and foamy
histiocytes, which breakdown of necrotic fatty marrow,
appear at the edges/rims of the necrotic area and oste-
oclasts remove partly of dead bone, replaced by newly
formed trabeculae; alternatively bone tissue is stored
on the surface of necrotic trabeculae.

The necrotic bone is replaced slowly through a
“creeping substitution” defined by Phemister to distin-
guish it by the massive resorption or sequestration of
dead bone that occurs in osteomyelitis (55, 56).

Frost signaled the almost constant presence of
trabecular microfractures as failure of the micro dam-
age and subsequent stress fractures (57).

Inoue et al. (1976) (58) have found histological
evidence of recurrent necrosis that plays an important
role in the pathogenesis of this disease. The incomplete
revascularization of the femoral head in idiopathic avas-
cular necrosis may also be due to two or more episodes
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of infarction occurring within the head. They observed
two types of recurrent necrosis. Type I showed necrosis
of young fibrous tissue with high osteogenic activity in
presence or not of twisted bone repair tissue. Type II in-
volved the advancing edge of mature granulation tissue
without osteogenic activity. In the early stages, Type I
changes were usually present extensively, whereas in the
later stages either a mixture of Type I and Type II ne-
crosis or Type II only was seen and the distribution of
Type II was sometimes patchy. In some advanced cases,
a necrotic portion of subchondral bone was completely
separated from the remainder of the femoral head. In
non-traumatic ONFH, recurrent necrosis of young fi-
brous tissue (type I) is widely present; while after frac-
ture of the femoral neck recurrent necrosis of mature
granulation tissue (type II) is sometimes observed (58).

The macroscopic findings change with the stage
of the disease. The early alterations appear in stage III
by Ficat staging, the shape and contour of the femoral
head is maintained and the necrotic area was neatly
defined. In some patients, the viable tissue was sepa-
rated by a hyperemic area lying between normal tis-
sue and the necrotic area. In stage IV by Ficat the loss
of shape and contour of the femoral head is common
to all the patients, the structural abnormalities are the
flattening and collapsing of the femoral head. There
are also alterations in the articular cartilage integrity
above the area of necrosis (59).

Therefore it is important to correlate histological
analysis with imaging outcomes to stage accurately the
disease in order to choice the appropriate treatment.

Since several staging systems have been developed
to stage ONFH and provide information on progno-
sis, treatment decision, and outcome comparison, it is
difficult to compare and analyze the data from differ-
ent centers.

Mont et al. (60) identified 16 major classification
systems used to classify and describe ON, but only four
classifications are widely used: the Ficat Classifica-
tion (1) (63%), the University of Pennsylvania system
(20%) (61,62), the Association Research Circulation
Osseous (ARCO) system (12%) (3), and the Japanese
Orthopaedic Association system (5%) (2, 63)

Although there is no universal agreement in clas-
sification systems, the prognostic factors of most clas-
sifications are well established: the extent of the oste-

onecrotic lesion (44, 64-67), the presence of subchon-
dral fracture (68, 69), and the lesion location (45, 70).

Arlet and Ficat classification was the first stag-
ing system for ONFH described in 1960, which had
initially only three stages (71). It has been revised with
six stages afterwards (1). Initially, this system included
clinical symptoms and functional evaluation of bone
including: bone marrow pressure, intramedullary ve-
nography, and core biopsy. Currently this system is
based upon radiographic findings only. The first sug-
gestive radiographic images of the disease may appear
after up period of 5 years (5). This system not assess the
lesion size or its extention. However, it is still widely
utilized because of its simplicity and easy handling.

The introduction of nuclear magnetic resonance
(RMN) allowed measurement of lesion size and ex-
tention in joint involvement, widely classified in the
University of Pennsylvania classification developed by
Steinberg in 1995 (61, 62, 72).

RMN allows early diagnosis of osteonecrosis,
even in infra-radiological stages.

The ARCO classification system (3) developed in
1991 to establish an easy and uniform staging interna-
tionally accepted with uniform definition and termi-
nology. (73).

It is based on radiographic findings, RMN im-
aging and computed tomography (CT) scanning. The
classification system includes the necrotic size, the ex-
tent of femoral head involvement and lesion location
(medial third, central third, and lateral third of femoral
head) within its subclassifications as well (3). The le-
sion location was included in 1992 when the Japanese
Investigation Committee introduced this parameter.

In the original version of ARCO classification,
the distinction between a “crescent sign” without
femoral head flattening and a hip with flattening was
eliminated. This distinction was later restored, now it
indicates an Early stage III and a Late stage III, in-
stead of the original stages 3 and 4 (73).

MRI is the gold standard to detect precollapse le-
sions without subchondral fracture (61,62).

Once collapse or acetabular involvement is present
on plain radiographs, no further imaging is needed for
treatment decision-making. If subchondral fracture is
suspected and is not clearly delineated on radiography,
computed tomography is the best choice (74).
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Both MRI and CT scanning are helpful to better
differentiate between stage 2 and 3 (“crescent”) sign, to
establish extent of necrosis and to allow a more prag-
matic and clinically relevant approach. Stage 0 has be-
come obsolete as not clinically relevant. (75)

CT is a very useful assessment tool in later stages,
for determining the lesions extent such as sclerosis and
other events occurring in the state of repair. CT pro-
vides a detailed analysis of the morphological aspects.
In the early stages CT can detect certain alterations in
bone density even when radiographic images are nor-
mal (5).

In 1987, the Japanese Investigation Committee
for Avascular Necrosis introduced the Japanese Or-
thopaedic Association system (2, 63) rarely used out-
side Japan. It has been modified in 2001 emphasizing
the location of lesion as an important factor to predict
impending collapse (76). Subchondral lesions are wor-
rying because of the high risk of joint collapse, while
metaphyseal lesions are less baleful (77).

This system indicates that lesions progress from
medial to lateral as they become larger and cannot
allow the possibility of a small central lesion, which
is often present. Nevertheless, large lesions are often
located laterally, while small lesions are often located
centrally or, rarely, medially (60)

Most lesions are in the anterosuperior side of the
head, indicating lesion size and also location.

Below, we have researched the differences be-
tween the disease stages according to the most staging
systems used in the literature.

Stage 0: it is contained in the Ficat, Steinberg and
ARCO classifications (1,3,61,62,71,72). It is a theo-
retical stage, there are no clinical signs of disease and
the X-ray and MRI findings are negative for ONFH,;
However, there are risk factors and/or contralateral hip
osteonecrosis.

Stage 1: it is contained in the Ficat, Steinberg
and ARCO classifications (1,3,61,62,71,72). The pa-
tient has no symptoms, radiographs are negative, while
MRI is positive for ONFH Steinberg has shared the
stage I in ABC sub-stages according to the percent-
age of femoral head affected. In this stage histologi-
cal aspects show a trabecular bone and bone marrow

necrosis(necrotic area), and an “alive area” interposed
with a reparative zone (2).

Stage 2: it is contained in Ficat IIA, Steinberg and
ARCO classifications (1,3,61,62,71,72). There are no
symptoms, radiographically cystic lesions and femoral
head sclerosis are reported. Steinberg also divided this
stage in ABC sub-stages according to the percentage
of femoral head affected. Histologically we can find
blood vessels in necrotic area and reparative processes
of resorption and bone formation radiographically
featured by sclerosis and cystic lesions.

Stage 3: it is contained in Ficat IIB, Steinberg,
and ARCO IIIA classifications (1,3,4,61,62,71,72).
Here the patient is symptomatic. Radiographically we
can see the subchondrale collapse defined as “crescent
sign”, the femoral head is not flattened.

The progressive bone resorption causes the
subchondral fracture and collapse. Steinberg divides
it into ABC sub-stages according to the extent of
the affected joint surface. Macroscopic alterations in-
clude sclerotic changes, cysts, signs of osteoporosis and
subchondral fractures.(5)

Stage 4: it is contained in Ficat III, Steinberg and
ARCO 1IIIB classifications (1,3,4,61,62,71,72). In
these stages there is a flattening of the femoral head
or interruption of its proﬁle. The symptoms are se-
vere, the pain increases and crackles appear. Steinberg
divides also this stage in A,B,C sub-stages consider-
ing both the possible occurrence and the extent of FH
flattening. Histologically the resorption processes are
higher.

Macroscopic alterations include FH flattening,
changes in the bone density and aspects of osteoporo-
tic appearance.(5)

Microscopic aspects in stages I1I and IV (or I1IB)
include osteocondensation of the perilesional area
and numerous blood vessels that penetrate the over-
lying cartilage. The outer layer of the cartilage tissue
is full of new vessels with disorganized architecture.
In subchondral fractures numerous osteoblasts with
reduced cytoplasm are detected at the endosteum level.

Several macrophages with intense lysosomal ac-
tivity have been highlighted in both the necrotic area
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and endosteum adjacent areas, indicating an intense

activity of these cells(5).

Stage 5: it is contained in Ficat IV, Steiberg and
ARCO 1V classifications (1,3,4,61,62,71,72). The ar-
ticular space is restricted, the femoral head has col-
lapsed and the acetabulum may be involved. Histolog-
ically there are cartilage detachment and destruction,
as in the previous stage.

Macroscopic alterations include changes in the
shape and contour of the femoral head, changes in the
internal architecture and overlying cartilage, subchon-
dral fractures, and large areas of liquefied necrosis pen-
etrating the cartilage (5).

Stage 6: expected in the Steinberg and ARCO
classifications (61,62,71,72). Degenerative lesions are
advanced and patient has pain even at rest.

Macroscopic alterations include massive destruc-
tion of the femoral head, which completely com-
promised functionality of the affected hip-femoral
joint(5).

Particularly in stages V and VI, the lesion extends
to the near cartilage, highlighting multiple neoforma-
tion vessels at this level. The chondrocytes in the deep
cartilage, maintain the integrity of their morphology,
but near the outer layer, there are changes in their
shape and structure. Osteocytes near necrotic area are
absent or have pyknotic nuclei, cells becomes elon-
gated, nearly spherical, increasing their sizes. Cellular-
ity of bone tissue decreases as the disease is in a more
advanced stage.

On some samples from patients in the last two
stages staining of the bone tissue, in the area bordering
the lesion, decreases. Bone tissue near the necrotic area
appears disorganized, it is intertwined or even replaced
by fibrous tissue. Bone tissue observed on slides from
patients in the last two stages is thin, bone lamellae
can easily be seen, having a diminished staining. Os-
teocytes at this level have a modified shape, a marginal
condensation zone and appear without nuclei. In bone
and cartilage tissue there are large areas of fibrous and
necrotic tissue.

In the last two evolutionary stages macrophages
are small in number and have an erratic disposition (5).

Discussion

In literature, ONFH has a variable nomencla-
ture that often causes confusion. The terms “avascu-
lar, aseptic, ischemic” are referred to an idiopathic and
non-traumatic ischemic necrosis with the same etiol-
ogy and pathogenesis. Currently “steroids and alcohol
induced” necrosis are terms included in the idiopathic
form as the pathogenesis have not yet been established
(2).

Most authors think that bone necrosis results
from primitive vascular problems, including vessel oc-
clusion, stenosing arteritis, arterio-sclerotic disease, ex-
traosseous arterial involvement or extraosseous venous
abnormality, or hypercoagulability and hypofibrinoly-
sis, metabolic factors, increased intraosseous pressure
and mechanical stress . In the past decade some ge-
netic factors have been investigated (11-14,36).

The present study provides a comprehensive over-
view of the available staging systems, histopathological
changes and imaging techniques order to better define
this condition and to provide more framework ele-
ments for the following treatment.

Staging systems are used to group together pa-
tients that have a similar prognosis so that they may
guide treatment decisions. Ideally, the staging is accu-
rate, and simple to use with a minimum of testing data,
and compatible with prior staging systems (78).

Over the years, the planing of an ideal staging
system has proved difficult for the evolution of our
knowledge and the development of better imaging and
measurement techniques.

The most important prognostic factors in ONFH
are identified in subchondral collapse, size or quanti-
fication of the lesion, and lesion location within the
femoral head. The subchondral fracture is evaluated
through CT with sagittal and coronal reconstructions,
while the radiographs are less sensitive to detecting
non-displaced fractures (79).

The size lesion can be assessed by MRI and cat-
egorized as <15, 15-30, or >30% of the femoral head
(62, 72). The location lesion is assessed on radiographs
or MRI (2, 63).

The diagnosis should be started with careful his-
tory and confirmed with imaging studies including

MRI, CT, and radiographies detecting prognostic fac-
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tors to make a correct diagnosis and stage accurately
(79).

Clinical signs appear when femoral head begins
to collapse. This is an important evolution phase be-
cause post-collapse the lesion is irreversible and FH
saving therapies are not indicated.

However there have been cases where the CT and
MRI images have not really shown the full extent of
the damage tissue (5).

In stages IIT and IV the flattening of the femoral
head or the decrease in bone density are detected by
imaging scans, but Traistaru et al. (5) shown that the
precise extension of the necrotic and perilesional areas
was much wider on the histopathological examination.
Infact histological analysis plays a critical role to evalu-
ate the quality of necrotic area.

Traistaru et al. (5) showed that there are differ-
ences in the lesion appearance and extent on the his-
tological images compared to macroscopic images
and even to those obtained using imaging tools, par-
ticularly in patients presenting evolutionary stage III.
Aspects such as the extension of the area of fibrosis,
remodeling of the bone tissue, neo-formation vascular
network density and degree of cartilage impairment
are determined more accurately using histology and
immunohistochemistry techniques.

Before classifying patients in a certain stage, af-
ter having correlated clinical and imaging data, histo-
pathological aspects should be considered, particularly
in patients in stages III and IV, in which total hip ar-
throplasty could be delayed.

In the future, validated scores for ONFH analy-
sis are required, in addition with data on macroscopic,
microscopic and imaging aspects of the necrotic bone
to achieve a comprehensive picture of tissue quality.

Conclusions

In conclusion we summarize key-points that
should be considered in ONFH correct staging.

- the histological analysis is important, but not
strictly necessary,

- MRI provides the most sensitive and specific
data;

- the clinical signs do not indicate the severity of
the disease;

- the pre- and post-collapse phases are important
to recognize;

- the size of the lesion is an important prognostic
factor;

- the location of the lesion is less important than
size in large lesions: usually lateral lesion are
large, while the rare medial lesions are small
with better prognosis;

- the subchondral fracture is the most prognostic
factor of evolution disease;

- the “crescent sign” and the measure of collapsed
bone are not quantifiable;

- the acetabular involvement indicates severe dis-
ease.

Some authors have shown that small, medially
located, asymptomatic lesions may be treated with
observation alone, while FH saving procedures, such
as core decompression (60,80,81) osteotomy (82-85),
and nonvascularized or vascularized bone-grafting
(60,86-88), are indicated for symptomatic precollapse
stage lesions.

Whereas total hip arthroplasty is appropriate
choice in postcollapse stage and acetabular involve-
ment (89-91).
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