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Abstract

New cases of osteonecrosis of the femoral head in the United States number
between 10,000 and 20,000 per year. This disease usually affects patients in
their late 30s and early 40s. Although a number of authors have related specific
risk factors to this disease, its etiology, pathogenesis, and treatment remain a
source of considerable controversy. This disorder has been associated with corti-
costeroid use, substance abuse, and various systemic medical conditions. Either
direct damage to osteocytes (e.g., by toxin production) or indirect damage (e.g.,
due to disorders in fat metabolism or hypoxia) may lead to osteonecrosis.
Patients at increased risk for osteonecrosis should be monitored closely.
Unfortunately, most cases are diagnosed in an advanced stage of disease, when
minimally invasive surgical procedures are no longer helpful. Furthermore,
patients in the advanced stage of the disease must undergo total hip replacement

at a young age, which carries a poor long-term prognosis.
J Am Acad Orthop Surg 1999;7:250-261

Osteonecrosis of the femoral head
is not a specific diagnostic entity,
but rather the final common path-
way of a series of derangements
that produce a decrease in blood
flow, leading to cellular death
within the femoral head

Necrosis of the femoral head is a
progressively debilitating lesion,
which usually leads to the destruc-
tion of the hip joint in patients
between 20 and 50 years of age
(mean age at presentation, 38
years) In most cases, diagnosis is
made at advanced stages of the
disorder (Fig. 1), when femoral
head-conserving surgical treat-
ment is no longer indicated 24

This condition was first de-
scribed by Alexander Munro in
1738. Between 1829 and 1842, Jean
Cruvilhier described how the
femoral head deformed secondary
to an interruption in its blood flow.
The first detailed description of
idiopathic osteonecrosis of the
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femoral head is attributed to
Freund.

In 1962, Mankin and Browe
described 27 cases of osteonecrosis.
Since then, there has been a steady
increase in the number of cases of
osteonecrosis reported annually.
Its incidence is estimated to be
between 10,000 and 20,000 new
cases per year in the United States

Etiology and Pathogenesis

A number of clinical conditions,
both traumatic and nontraumatic,
have been associated with osteone-
crosis of the femoral head (Table 1).
A disruption of blood flow to the
femoral head secondary to an
injury, such as a femoral neck frac-
ture, has been clearly identified as
the leading pathologic factor in
posttraumatic osteonecrosisf] The
exact mechanism leading to atrau-
matic osteonecrosis is unclear.

Some factors are believed to pro-
duce direct damage to osteocytes;
others are thought to increase the
risk of osteonecrosis when associat-
ed with an underlying disease
process. Approximately 10% to
20% of cases have no clearly identi-
fiable risk factor and are classified
as idiopathic osteonecrosis.

Most etiologic factors in atrau-
matic osteonecrosis are related to
underlying pathologic conditions
that alter blood flow, leading to cel-
lular necrosis and ultimately to col-
lapse of the femoral head. This
damage can occur in one of five
vascular areas around the femoral
head, classified as arterial extraos-
seous, arterial intraosseous, venous
intraosseous, venous extraosseous,
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Fig.1 Collapse of the femoral head due to
osteonecrosis.

and extravascular extraosseousf]
Involvement of inflow or outflow
compartments can lead to a dra-
matic decrease in blood flow to the
femoral head, leading to cell death.

Corticosteroid Use

The high-dose corticosteroid ther-
apy used for immunosuppression
after organ and bone marrow trans-
plantation, as well as for the treat-
ment of rheumatologic and autoim-
mune diseases, has been implicated
as a risk factor for development of
atraumatic osteonecrosis of the
femoral head. As many as 90% of
new cases of atraumatic osteonecro-
sis have been associated with steroid
use and alcohol abuse[L78]

The cause-and-effect relationship
between steroid use and osteo-
necrosis has been difficult to estab-
lish due to the multiplicity of con-
founding factors. Most patients who
take steroids also have other risk fac-
tors. It is still unclear whether the
resulting osteonecrosis is due to the
underlying disease or the steroid
usel The results of initial studies
indicated that high doses (>30
mg/day) and longer duration of
treatment were the most important
predictors of development of
osteonecrosis Recent studies
have shown that certain clinical
findings, such as a change in body
habitus, deep vein thrombosis and
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vasculitis, and certain laboratory
findings, such as immunoglobulin G
aCL levels in a patient with systemic
lupus erythematosus, are also asso-
ciated with osteonecrosis[]

Furthermore, nonrheumatologic
conditions treated with long-term
low-dose corticosteroid therapy (e.g.,
ulcerative colitis, asthma, skin disor-
ders) do not present with a high inci-
dence of atraumatic osteonecrosis.
Colwell et aPlreported on 142 hips
followed for 10 years in patients
with asthma or inflammatory arthri-
tis treated with steroids. The aver-
age dose in the asthma group was
2,201 mg/year (6 mg/day); in the
inflammatory arthritis group, it was
1,967 mg/year (5.3 mg/day). None
of their patients had radiographic or
clinical evidence of osteonecrosis.
The authors suggest that chronic
low-dose steroid treatment for the
treatment of asthma or inflammato-
ry arthritis is not associated with an
increased risk of osteonecrosis. It is
more likely, however, that high-dose
therapy (>30 mg/day), such as that
needed for transplant recipients,
plays a major role in the etiology of
this disease.

The mechanism postulated for
steroid-induced osteonecrosis is
unclear. A disorder in fat metabo-
lism has been implicated as a possi-
ble mechanism. In 1964, ]ohnso
proposed that fat cells within the
bone marrow increase in size, lead-
ing to the disorder. Cell hypertro-
phy increases pressure inside the
femoral head, resulting in sinu-
soidal vascular collapse and finally
necrosis of the femoral head. The
exact mechanism of the cell hyper-
trophy remains elusive. Experi-
mental studies using mouse bone-
marrow pluripotential cell lines
have demonstrated a dramatic
decrease in their osteogenic proper-
ties. These cells also tend to differ-
entiate into adipocytes when treat-
ed with increasing dexamethasone
levels. These findings differed
from those in untreated control
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cells, which continued to exhibit
their osteogenic properties

Jaffe et all4] consider patients
undergoing steroid treatment to be
in a hyperlipidemic state, which
can increase the fat content within
the femoral head and increase intra-
cortical pressure, producing sinu-
soidal collapse and necrosis. Other
investigators have proposed that
this hyperlipidemic state may lead
to fat embolism directed toward the
femoral head, which occludes the
microvasculature and initiates the
pathophysiologic process[i?]

A recent study in rabbits suggests
that the use of steroids can also
damage endothelial and smooth
muscle cells within the vascula-
ture[l6] This may result in interrup-
tion of the venous drainage from the
femoral head, leading to blood sta-
sis, an increase in intraosseous pres-
sure, and osteonecrosis.

Alcohol Consumption

A number of published studies
have documented the high inci-
dence of alcohol-related osteone-
crosisllZ817] The exact amount of
alcohol intake that can induce osteo-

Table 1
Risk Factors for Osteonecrosis

Trauma

Corticosteroid use

Alcohol abuse

Smoking

Sickle cell anemia
Coagulopathies

Systemic lupus erythematosus
Hypercholesterolemia
Organ transplantation
Gaucher disease

Caisson disease

Radiation therapy

Arterial disorders
Intramedullary hemorrhages
Chronic pancreatitis
Hypertriglyceridemia

Other rare associations
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necrosis is not known. When com-
pared with nondrinkers, patients
who consume less than 400 mL of
alcohol per week have a three times
greater risk of osteonecrosis. The
risk increases to 11 times if the
patient consumes more than 400 mL
of alcohol per week L2

The pathophysiologic process of
alcohol-induced osteonecrosis is
not completely understood. Excess
alcohol changes fat metabolism sig-
nificantly. Small fat emboli from
the liver can occlude the vascula-
ture of the femoral head, decreas-
ing blood flow and leading to
osteonecrosis. Some investigators
suggest that alcohol consumption
produces an accumulation of lipids
inside the osteocytes of the femoral
head[7] These cells hypertrophy
and compress the nuclei of the
osteocytes, resulting in cell death.
Other proposed mechanisms are
related to the direct toxic effects of
alcohol. Continued exposure of
osteocytes to high blood levels of
alcohol can cause chronic cellular
lesions that are unable to heal,
which can lead to cell death and
eventual collapse of the femoral

head[16.18]

Transplantation

The incidence of osteonecrosis in
organ transplantation patients has
been reported to range from 5% to
29% [9.20] The time of presentation
of osteonecrosis after transplanta-
tion appears to be variable, with
some researchers reporting that
osteonecrosis (manifested by joint
pain) may start early after trans-
plantation (<3 months), and others
reporting that it occurs later.

Certain bone disorders, such as
benign bone edema and bone pain
secondary to the use of cyclospor-
ine, should always be included in
the differential diagnosis when
evaluating bone pain in transplant
recipients[P] A complete clinical
and radiologic evaluation, includ-
ing magnetic resonance (MR) imag-
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ing, is necessary to rule out these
conditions.

The mechanism underlying this
disorder is unclear, but multiple risk
factors are usually involved. Some
investigators believe that prolonged
treatment with corticosteroids and
other immunosuppressive agents is
responsible for the production of
osteonecrosis. Case-control studies
suggest that renal transplant recipi-
ents in whom osteonecrosis devel-
oped had received higher doses than
other patients matched for age, sex
and time and type of transplant@
Since immunosuppressive agents
other than steroids have been used,
the incidence of transplantation-
associated osteonecrosis has de-
creased dramatically. Landmann et
a reported an incidence of 8.6%
before the use of cyclosporine, com-
pared with 1.04% after the use of
cyclosporine. Predisposing factors
prior to transplantation (steroid use,
trauma, rheumatologic or hemato-
logic disorders) may also play an
important role in predicting osteo-
necrosis in transplant recipients.

A direct detrimental effect of the
transplanted organ has also been
demonstrated. Renal transplanta-
tion induces osteocyte necrosis due
to the production of toxins by the
kidney. This has been shown in
autopsy specimens from renal
transplant recipients, which dis-
play histologic evidence of de-
creased numbers of osteocytes in
subchondral bonelZ]

Patients with solid organ trans-
plants are not the only population
at risk for osteonecrosis. An in-
creased incidence of the disease has
also been demonstrated in bone
marrow transplant patients. In a
recent study by Fink et al[2]
osteonecrosis developed in 96 of
1,939 patients who received a bone
marrow transplant between 1976
and 1993. The mean time to diag-
nosis was 26.3 months after trans-
plantation. More than one site was
involved in over half of the patients,

and more than 60% had osteonecro-
sis of the hip. The authors reported
a 14-fold increase in risk associated
with receiving steroids but no vari-
ance in risk according to duration of
steroid use. They also reported no
relationship between cyclosporine
therapy and the incidence of
osteonecrosis, after adjusting for
steroid use and other possible con-
founding variables.

Thrombophilia and
Hypofibrinolysis

Hereditary thrombophilia and
hypofibrinolysis have an autosomal
dominant inheritance pattern.
These disorders have been reported
to be the major pathophysiologic
causes of osteonecrosis of the jaw
and of Legg-Perthes disease in chil-
dren and have recently been impli-
cated in osteonecrosis of the hip[2]
The coagulation pathways de-
scribed include (1) decreased levels
of tissue plasminogen activator (the
major stimulator for fibrinolysis)
and high levels of plasminogen
activator inhibitor (the major in-
hibitor of fibrinolysis); (2) high lev-
els of the hypofibrinolytic lipopro-
tein Lp(a); and (3) activated protein
C resistance, which results in pro-
duction of abnormal factor Va in
the coagulation cascade, which in
turn leads to thrombophilia.

Venous occlusion by fibrin clots
due to thrombophilia (increased
tendency toward intravascular
thrombosis) and hypofibrinolysis
(reduced ability to lyse thrombi) can
lead to venous hypertension and
higher intramedullary pressures,
which will reduce arterial blood
flow to the femoral head and cause
hypoxic death of bone. Glueck et
areported that some of their cases
of osteonecrosis of the hip that had
been thought to be idiopathic were
actually due to these inherited dis-
orders of coagulation. Furthermore,
of 13 patients with secondary dis-
ease thought to be due to underly-
ing diseases or corticosteroid use, 8
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also had an associated heritable dis-
order of coagulation.

The association of these disor-
ders with superimposed factors
(e.g., corticosteroid use, rheumato-
logic or hematologic disease, trans-
plantation, sickle cell disease, alco-
holism) may increase the risk of
developing osteonecrosis. Glueck
et alB3 proposed that assessing for
these coagulation defects with spe-
cific laboratory tests—resistance to
activated protein C, lipoprotein
Lp(a), antigens to proteins C and S,
tissue plasminogen activator and
inhibitor, and antiphospholipid
antibodies—may help in predicting
which patients are at risk for devel-
opment of this disease.

Other Factors

Caisson disease, or dysbaric os-
teonecrosis, is a form of osteone-
crosis that occurs in deep-sea
divers and miners who have been
exposed to hyperbaric conditions.
This disorder is thought to be pro-
duced by occlusion of blood vessels
by circulating nitrogen bubbles that
are induced in response to a reduc-
tion in ambient pressure during
decompression

An animal model for dysbaric
osteonecrosis was recently report-
ed.24 Six sheep were exposed to
compressed air for 24 hours at a
time 12 or 13 times within a 2-
month period, with a 1- to 8-day
recovery period between expo-
sures. All six animals had clinical
evidence of limb bends (limb lifting
for periods of time) immediately
after the exposure. In the five sur-
viving sheep, radiographic evi-
dence of disease was present with-
in 5 months in the long bones,
specifically, in the metaphyseal and
diaphyseal, but not the periarticu-
lar, regions. However, histologic
evidence of bone marrow necrosis
was present in all regions. The his-
tologic and radiographic findings
were found to be very similar to
those reported in humans.
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Although most reported cases of
dysbaric osteonecrosis have been a
result of continuous exposure, such
as occurs in caisson workers, avia-
tors, astronauts, and divers, single-
exposure induction of dysbaric
osteonecrosis has also been docu-
mented. Therefore, orthopaedic
surgeons should consider this enti-
ty when assessing hip pain of ap-
parently idiopathic origin.

Sickle cell anemia has been
reported to be an important risk
factor for the development of os-
teonecrosis. The prevalence of
osteonecrosis in patients with sickle
cell anemia has been estimated to
range from 3% to 41% Patients
with sickle cell trait can also be af-
fected, and higher prevalence rates
are encountered when asympto-
matic patients with radiographic
evidence of disease are included in
the cohort. Intravascular sickling
within sinusoids associated with a
hyperviscosity syndrome produced
by high hemoglobin concentrations
produces short, temporary occlu-
sions of blood flow to the femoral
head, which leads to osteonecrosis
and eventually to collapse of the
femoral head 2| The distinctive his-
tologic pattern is characterized by
rows of necrotic bone separated by
fibroadipose tissue.

Fat emboli that arise as a result
of an alteration in lipid metabolism
can also be responsible for micro-
vascular obstruction. Furthermore,
investigators have proposed that
hypercholesterolemia can also play
an important role in the pathogene-
sis of osteonecrosisll Disorders in
fat metabolism may also lead to
immune-complex deposition, which
can result in hemorrhage and death
of bone l617]

Type I Gaucher’s disease is an
autosomal recessive genetic disease
that affects primarily Ashkenazi
Jews and is caused by an enzymatic
deficiency of glucocerebroside
hydrolase.28 It results in accumula-
tion of sphingolipids within macro-
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phages and other reticuloendothe-
lial cells and can affect bone as well
as other solid organs. Compression
of the cellular and vascular ele-
ments and increased pressure with-
in the rigid cortical bone of the
femoral head decrease blood flow,
leading to osteonecrosis]

Arterial disorders have also been
associated with osteocyte and bone
marrow necrosis. The specific
mechanism that results in damage to
the tunica intima and tunica media
is unknown. However, investiga-
tors have noted pathologic changes
in arteries in hemorrhagic zones sur-
rounding areas of necrosisB231]

Many etiologic factors and clini-
cal conditions have been proposed
as causes of osteonecrosis. For this
reason, this entity should not be
considered a simple lesion, but
rather a multifactorial disease
process that can be produced by a
diverse group of disorders leading
to a common finding: necrosis and
the inevitable collapse of the fe-
moral head.

Pathologic Findings

Although there are many causes and
risk factors that can lead to osteo-
necrosis of the femoral head, the
resulting pathologic findings are
similar in all patients. In early
stages of the disease, histologic
examination of the diseased femoral
head shows bone marrow necrosis.
This can be due to a single insult,
but most probably results from mul-
tiple instances of minor damage
over a period of weeks to months.
Resorption of dead osteocytes re-
sults in the appearance of empty
lacunae within bone. Pluripotential
cells within the femoral head are
recruited in the repair process.
Osteoclasts are stimulated to resorb
dead bone, and osteoblasts lay
down new bone over necrotic areas,
creating the characteristic appear-
ance termed “creeping substitution.”
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Early histologic examination in a
canine model has shown that the
process of osteonecrosis may begin
approximately 3 days after vascular
damage. In this model, surgical
devascularization of the femoral
head was performed in 25 dogs, and
dislocation of the hip was main-
tained for 9 hours to study the initial
histologic changes. The dogs were
sacrificed 3 days or 1, 2, or 4 weeks
after the procedure. In the 4 dogs
studied at 3 days, edema with a
decreased cell population and bleed-
ing within the bone marrow were
observed, but no histologic findings
of necrosis were noted. Of the 7
dogs studied 1 week after surgery, 3
showed histologic changes consis-
tent with necrosis of the femoral
head, but no evidence of creeping
substitution was observed. Of the 7
dogs sacrificed at 2 weeks, 6 showed
histologic changes of necrosis of the
femoral head, with 4 showing appo-
sitional bone. Osteonecrosis was
observed in all 7 dogs studied at 4
weeks. These changes included
empty lacunae and appositional
bone in trabecular bone and mature
fibrous tissue in the bone marrow

When the affected site is small,
reparative processes are initiated
rapidly, replacing dead bone with
normal new bone. However, as the
necrotic area enlarges, the histologic
appearance changes. At the peri-
phery of the lesion, a zone of vascu-
lar ingrowth is produced, with
replacement of bone and bone mar-
row, leading to marked thickening
and increased density of its borders.
Because vascular structures cannot
penetrate deep inside the avascular
lesion, repair is interrupted. The
dead bone then fractures, although
the superior articular surface does
not collapse, owing to the strength
of the subchondral bone. The radio-
lucent space produced under the
subchondral bone is called the
“crescent sign.” In time, this fragile
structure collapses, and the femoral
head flattens. After deformation of

254

the femoral head, abnormal stresses
on the acetabular cartilage and sub-
chondral bone lead to sclerosis, cyst
formation, and marginal osteophyte
formation. Advancing degenera-
tion of the acetabulum and femoral
head leads to obliteration of the
joint space.

Clinical Presentation

Osteonecrosis can be clinically
silent or can present with any of a
number of clinical manifestations.
The chief complaint of a patient
with osteonecrosis is pain, usually
localized to the groin area but occa-
sionally to the ipsilateral buttock
and knee. It has been described as
a deep, intermittent, throbbing
pain, with an insidious onset that
can be sudden. Physical examina-
tion reveals pain with both active
and passive range of motion, espe-
cially with passive internal rotation.

Initially, the plain-radiographic
appearance may be normal. There-
fore, the physician should always
suspect osteonecrosis of the fe-
moral head in patients who present
with hip pain and any associated

risk factors. A complete evaluation
of the contralateral hip should
always be undertaken, as a 40% to
80% incidence of bilaterality has
been reported

Diagnosis and
Classification

Successful treatment of osteonecro-
sis is directly related to its stage at
diagnosis. The earlier the diagno-
sis, the greater the chance of influ-
encing the natural history of the
disease. Clinical symptoms usually
precede radiographic changes;
therefore, a high index of suspicion
is important to make the correct
diagnosis in a timely fashion.

Radiography

Plain radiography should be the
next step after the history and phys-
ical examination. Anteroposterior
and frog-leg lateral views should
always be obtained.

Various systems have been pro-
posed for the radiographic staging
of this disease. The first was the
Arlet-Ficat staging system (Fig. 2)E3
which is based on radiographic

Stage Il

Fig. 2

Stage Il

Stage IV

The Arlet-Ficat staging system is based on the radiographic appearance of the

femoral head.3 In stage I (not shown), there are no changes on x-ray films, but clinical
symptoms are suspicious. In stage II, there is radiographic evidence of bone remodeling
without changes in the shape of the femoral head; subchondral sclerosis and cysts are pres-
ent. Stage III is characterized by the crescent sign. Stage IV is characterized by narrowing,
osteophyte development, and deformation of the femoral head.
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changes in the femoral head. Arlet
and Ficat described four stages in
the natural history and progression
of the disease. In stage I (preradio-
graphic), there are no changes on
x-ray films but suspicious clinical
symptoms. In stage II, there is
radiographic evidence of bone
remodeling without changes in the
shape of the femoral head; sub-
chondral sclerosis and cysts are
present. In stage III, the transition
from stage II is heralded by the
crescent sign; a sequestrum and
partial collapse of the osteonecrotic
segment are present (Fig. 1). In
stage IV, deterioration of the joint
space is characterized by narrow-
ing, osteophyte development, and
deformation of the femoral head.

Other classification systems are
variations of the Arlet-Ficat staging
system. That of Marcus and En-
neking3 is based on clinical symp-
toms and radiographic abnormali-
ties (Table 2). The staging system
of Steinberg et al23%(Table 3, Fig. 3)
is highly specific and combines
abnormalities observed not only on
plain radiographs but also on MR
images and bone scans.

Table 2
Radiographic Classification of
Marcus and Ennekingf

Stage Radiographic Findings

1 Mottled areas of increased
density

11 Infarct demarcated by zone
of increased density

I Crescent sign

IV Depression of lateral edge
of infarct

V  Flattening and compression
of infarct

VI Progressive compression
and erosion of the head,
degenerative changes
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Table 3

Staging System of Steinberg et al;233]
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Stage  Radiologic Features

I Normal x-ray findings; abnormal bone scan and/or MR findings
IA: Mild (<15% of femoral head affected)
IB: Moderate (15% to 30% of femoral head affected)
IC: Severe (>30% of femoral head affected)

I Cystic and sclerotic changes in the femoral head
ITA: Mild (<15% of femoral head affected)
IIB: Moderate (15% to 30% of femoral head affected)
IIC: Severe (>30% of femoral head affected)

III Subchondral collapse (crescent sign) without flattening
IITA: Mild (<15% of femoral head affected)
IIIB: Moderate (15% to 30% of femoral head affected)
IIIC: Severe (>30% of femoral head affected)

I\Y% Flattening of femoral head

IVA: Mild (<15% of surface and <2-mm depression)
IVB: Moderate (15% to 30% of surface or 2- to 4-mm depression)

IVC: Severe (30% of surface)

\% Joint narrowing and/ or acetabular changes (this stage can be graded

according to severity)

VI Advanced degenerative changes

The Japanese Investigation
Committee established a classifica-
tion based on the size and location
of the infarct in the femoral head in
relation to the weight-bearing dome
of the acetabulunPd (Fig. 4). An-
teroposterior radiographs of the hip
joint taken with the patient standing
are used for evaluation. Type 1 is
characterized by the presence of a
necrotic segment involving the zone
of the femoral head that is in con-
tact with the weight-bearing surface
of the acetabulum (in type 1A, less
than the medial third of the weight-
bearing surface is involved; type 1B,
more than one third but less than
two thirds; type 1C, more than two
thirds.) Type 2 is characterized by
flattening of the weight-bearing sur-
face without radiographic evidence
of degeneration. Type 3 is charac-
terized by the presence of a cystic
lesion: in type 3A, the lesion does
not involve the subcortical area; in

type 3B, the lesion is located just
beneath the lateral two thirds of the
weight-bearing zone.

The Association Internationale
de Recherche sur la Circulation
Osseuse recently proposed a new
classificationﬂ(Table 4). This stag-
ing system combines radiographic,
MR imaging, bone scanning, and
histologic findings and appears to
be the most complete and useful
classification scheme. It combines
the radiographic staging of Arlet
and Ficat, the quantification sys-
tem of Steinberg et alP23 and the
location of involvement, as de-
scribed by the Japanese Investiga-
tion Committee

Kerboul et aﬂdescribed a method
for determining the extent of the
radiographic area involved. Both
anteroposterior and lateral radio-
graphs are used to calculate a com-
posite angle, which is then used to
suggest the prognosis. For exam-
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Stage 1IB
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Stage VI

Fig. 3 Radiographic appearance in the staging system of Steinberg et aI Stage I dis-
ease is not illustrated because the radiographic appearance is normal. See Table 3 for

descriptions of other stages.

ple, an angle greater than 200 de-
grees is considered to indicate a
poor outcome.

Magnetic Resonance Imaging

Magnetic resonance imaging is
the most accurate imaging modality
used for the diagnosis of osteo-
necrosis of the femoral head. Its
sensitivity is thought to be between
88% and 100%, which is higher than
that for plain radiography, comput-
ed tomography, or bone scanning in
detecting early disease (10% to 20%
higher than scintigraphy) 33738 TIts
specificity in differentiating osteo-
necrosis from other hip disorders is
also very high.

When bone marrow cells—osteo-
cytes, hematopoietic cells, and mar-
row fat cells—are exposed to an
ischemic insult, cell death occurs at
different intervalsPs] Hematopoi-
etic cells die within 6 to 12 hours,
followed by osteocytes at 12 to 48
hours and marrow fat cells 5 days
later. The normal high signal
intensity seen on T1-weighted im-
ages and the intermediate signal in-
tensity seen on T2-weighted MR
images of the femoral head change
with osteonecrosis, reflecting the
death and replacement of marrow
fat cells. Although death of osteo-
cytes (depicted as empty lacunae)
is not universally present, a periph-
eral band of low signal intensity
depicted on both T1- and T2-
weighted images usually demar-
cates the area of osteonecrosis from
the surrounding normal mar-
rowB83] On T2-weighted images,
this line, which has been called the
“double-line sign,” is present in
80% of cases. This sign represents
concentric low- and high-signal-
intensity rims surrounding the area
of necrosis.

The MR imaging findings in ani-
mal models of osteonecrosis show
that the death of marrow cells deter-
mines the changes in signal intensi-
ty seen on T1- and T2-weighted
images. However, this might not
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Type 1B

Type 1C

Type 2

Type 3A Type 3B

Fig.4 The Japanese Investigation Committee classificatiois based on the size and location of the infarct in the femoral head. Type 1is
characterized by the presence of necrosis in the portion of the femoral head in contact with the weight-bearing surface of the acetabulum.
Type 2 is characterized by flattening of the weight-bearing surface. Type 3 is characterized by the presence of a cystic lesion.

occur until 5 days after arterial
interruptionl Therefore, before
this period, osteonecrosis may not
be represented by any distinctive
abnormalities on MR imaging. To
increase the early sensitivity of MR
imaging, some investigators have
suggested the use of gadolinium;
however, there is no conclusive evi-
dence supporting this practice.

Sakamoto et alf’lreported that
the relationship of the location of
the necrotic area to the weight-
bearing area of the femoral head
and the extent of the necrotic area
could be used as predictors of col-
lapse (Fig. 5). In their system, the
weight-bearing area is divided into
thirds. Lesions that extend across
less than one third of the medial
area are designated grade A; those
that extend across more than one
third but less than two thirds,
grade B; those that extend across
two thirds or more, grade C; those
that extend beyond the acetabular
edge, grade D. Shimizu et alt]
added to this classification a third
criterion for determining progno-
sis: the image intensity of the
necrotic area.

With the objective of identifying
a predictor of future collapse, Koo
and Kimkd used MR imaging to
quantify the extent of osteonecrosis
of the femoral head in 37 hips with
early-stage osteonecrosis. The
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extent of the necrotic area in the
weight-bearing portion of the
femoral head was measured on
midcoronal and midsagittal sec-
tions. The authors then calculated

Table 4

an index of necrosis with the fol-
lowing formula: (A/180) x (B/180)
x 100, where A represents the arc
(in degrees) of the necrotic portion
on the midcoronal image and B

International Classification of Osteonecrosis of the Femoral Head!

Stage  Characteristics’

0 Bone biopsy results consistent with osteonecrosis; other tests normal

I Positive bone scan or MR study or both
IA: <15% involvement of the femoral head (MR)
IB: 15% to 30% involvement of the femoral head (MR)
IC: >30% involvement of the femoral head (MR)

II Mottled appearance of femoral head, osteosclerosis, cyst formation,
and osteopenia on radiographs; no signs of collapse of femoral head
on radiographic or CT study; positive bone scan and MR study; no

changes in acetabulum

ITA: <15% involvement of the femoral head (MR)
IIB: 15% to 30% involvement of the femoral head (MR)
IIC: >30% involvement of the femoral head (MR)

I Presence of crescent sign lesions classified on basis of appearance on
anteroposterior and lateral radiographs
IITA: <15% crescent sign or <2-mm depression of femoral head
IIB: 15% to 30% crescent sign or 2- to 4-mm depression of

femoral head

IIIC: >30% crescent sign or >4-mm depression of femoral head

v Articular surface flattened; joint space shows narrowing; changes in
acetabulum with evidence of osteosclerosis, cyst formation, and

marginal osteophytes

* Lesions can also be subdivided according to location (medial, central, or lateral).

257



Osteonecrosis of the Femoral Head

}
Grade A

Grade B

Grade D

Grade C

Fig.5 Classification devised by Sakamoto et al® for staging of osteonecrosis on the basis
of the extent of lesions as visualized on MR imaging.

represents the arc on the midsagit-
tal image. The values obtained
were used to characterize the
extent of necrosis as small (<33),
designated grade A; medium (34 to
66), grade B; or large (67 to 100),
grade C. In their study group, the
collapse rate for grade A disease
was 13%; for grade B, 95%; and for
grade C, 100%.

Sugano et al®]described another
staging system based on the ap-
pearance of coronal T1-weighted
MR images (Table 5, Fig. 6). This
system can be useful in determining
the risk of femoral head collapse
when lesions are not apparent on
plain radiographs.

Bone Scanning

Because of its low cost, some
surgeons recommend bone scan-
ning with the use of technetium-
99m methylene diphosphonate as
an alternative to MR imaging. A
common indication for its use is a
symptomatic hip with a normal
radiographic appearance and no
risk factors. Similarly, the surgeon
treating a patient with unilateral
symptoms may wish to evaluate
the contralateral hip to rule out
“silent” osteonecrosis; in that situa-
tion, it has been proposed that if
the bone scan is negative, no treat-
ment other than observation is nec-
essary[]
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In diseased femoral heads, a
zone of increased activity, repre-
senting increased bone turnover,
will be visualized between the area
of necrosis and the area of reactive
bone. As the isotope accumulates
at that site, the area is visualized as
a “hot,” or higher-density, zone,
which is surrounded by a “colder,”
or lower-density, zone. Early after
the ischemic insult, a bone scan
may not show isotope accumula-
tion; once remodeling has begun,
however, a cold spot becomes a hot
spot. The interval between these
two events is from 10 to 14 days;

Table 5
Staging System of Sugano et al?

until the end of that period (called
the “crossover point”), a bone scan
may be false-negative

Other Diagnostic Methods

Alternative diagnostic methods
have been introduced to identify
early-stage osteonecrosis, which is
not detected with routinely used
imaging studies. Histologic studies
that reveal empty lacunae in bone
trabeculae provide a definite diag-
nosis of osteonecrosis. Although
usually used to confirm disease
after core decompression, biopsy
has also been used as a preopera-
tive diagnostic method]]

Measurement of medullary pres-
sure and venography are specific
tests for evaluation of bone function
but are no longer used for the diag-
nosis of osteonecrosis. Computed
tomography can be useful for de-
tecting early stages of disease (II or
I) without collapse; however, as it
has little place in staging the disor-
der, it is not used routinely.

Management

The treatment of osteonecrosis has
been a problem for many years.

Type  Appearance on T1-Weighted MR Images
I Demarcation line appears in the femoral head
IA: The outer end of the demarcation line is located in the
medial third of the weight-bearing surface
IB: The outer end of the demarcation line is located in the
central third of the weight-bearing surface
IC:  The outer end of the demarcation line is located in the
lateral third of the weight-bearing surface
I Early flattening of weight-bearing surface with no demarcation line
I Cystic radiolucent lesion with no demarcation line

IITA: Cystic lesion is located anteriorly or medially, far from the

weight-bearing surface

IIIB: Cystic lesion is under the lateral weight-bearing surface
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Fig. 6 MR image of a 35-year-old woman
receiving corticosteroids for systemic lupus
erythematosus. Although the patient had
clinical symptoms suggestive of osteo-
necrosis of both femoral heads, radiographs
showed no pathologic changes. MR image
clearly demonstrates osteonecrosis of both
femoral heads (Sugano stage IC).

No single method or combination
of methods has been demonstrated
to universally prevent disease pro-
gression. The natural history of
this devastating disease is one of
sclerosis and subchondral fractures
leading to collapse and painful dis-
abling arthrosis. Studies have
shown that when management is
limited to observation alone or
restricted weight bearing, collapse
of the femoral head will eventually
occur in at least 80% of cases.
Several treatment modalities are
currently available. Their use is
based on the stage of the disease:
in the early stages, prophylactic
measures are instituted to prevent
further progression of disease; in
later stages, when collapse and sig-
nificant distortion of the head are
present, a reconstructive procedure
is the treatment of choice.

Early Stages

Conservative treatment involv-
ing only maintenance of non-
weight-bearing status with the use
of crutches or a cane has proved
ineffective except for the treatment
of small, asymptomatic lesions
located outside the major weight-
bearing areas. It is also appropriate
for patients with contraindications
against surgery and for older

Vol 7, No 4, July/August 1999

patients and those with limited life
expectancy.

An appropriate pharmacologic
treatment for osteonecrosis is still
being sought. Antihypertensive,
lipid—lowering@ fibrinolytic, and
vasoactive agents have been pro-
posed for the treatment of early
stages of disease.

Core decompression, as de-
scribed by Arlet and Ficat in 1964,
was first used as part of a diagnostic
protocol in which a portion of the
femoral head (8 to 10 mm) was
removed to obtain tissue for histo-
logic studies[] Because patients who
underwent this procedure reported
lessening of pain, it was instituted as
a treatment modality, with the ratio-
nale that elevated intraosseous pres-
sure was reduced when holes were
drilled into the diseased femoral
head. In addition, removal of one or
more cores may stimulate repair of
the sclerotic areas by promoting vas-
cular ingrowth. Success rates of 96%
for stage I disease, 74% for stage II
disease, and 35% for stage III disease
have been reported Y] However,
these encouraging results have not
been obtained by other investiga-
tors. Camp and Colwell4 concluded
that core decompression is an inef-
fective procedure with significant
morbidity. Smith et a8 reported a
failure rate of 16% for stage I disease
(in the modified Arlet-Ficat staging
system), 53% for stage IIA, 80% for
stage IIB, and 100% for stage III. The
poor outcome in that study could be
due to the fact that it reflected the
experience of 14 surgeons and the
use of various operative techniques.

Although the effectiveness of
core decompression continues to be
controversial, the larger, better con-
trolled series report a low incidence
of complications and superior
results when compared with con-
servative management. Patients
who undergo core decompression
benefit from pain relief, preserva-
tion of the femoral head, and delay
of arthroplasty.

Carlos J. Lavernia, MD, et al

Bone-grafting procedures are
used as treatment for osteonecrosis,
alone or in combination with other
procedures, such as core decom-
pression. Both cortical bone and
cancellous bone are used for struc-
tural support, to promote vascular
ingrowth in the healing bone. One
of the procedures that has been
studied is vascularized fibular bone
grafting. This procedure is techni-
cally difficult and time consuming
and requires a microvascular anas-
tomosis between the vessels of the
graft and the branches of the
femoral artery that supply the hip
joint. There is some morbidity at
the graft donor site. In the 103
patients studied by Sotereanos et
alfie] complications included pero-
neal nerve sensory neuropathy (in
7.6%), contractures of the flexor
hallucis longus (in 12.3%), and
deep venous thrombosis (in 9.2%).
The most commonly reported com-
plication is postoperative ankle dis-
comfort when walking. The supe-
riority of these procedures over
simpler surgical techniques has not
been established £647]

Osteotomies of the proximal
femur are aimed at shifting the
affected areas of the femoral head
away from the major weight-bearing
regions of the joint. These are tech-
nically complicated procedures that
should be done only by experienced
surgeons. Their effectiveness is still
under evaluation. They should be
done only in carefully selected indi-
viduals in whom total hip replace-
ment is not appropriate, with the
acknowledgment that a subsequent
reconstructive surgery will be more

difficultB28]

Later Stages

When collapse and deformation
of the femoral head occur and
painful arthrosis is refractory to
medical treatment, reconstruction
is the procedure of choice. Early
reports of the results of total hip
arthroplasty in young patients
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were disappointing when com-
pared with those in older patients,
with failure rates of up to 26% L5
However, recent studies suggest
otherwise. Garino and Steinbergf?]
followed up 123 patients for 2 to 10
years. Only 4% required revision,
and 2% showed radiographic evi-
dence of loosening,.

Summary

Although the body of knowledge
regarding the etiology, pathogene-

sis, diagnosis, and treatment of
osteonecrosis continues to grow,
important questions remain unan-
swered. Differences in study re-
sults, the complexity of data collec-
tion, and the low incidence of the
disease have hindered investiga-
tors from reaching consensus on
many issues. Multicenter studies
are necessary to provide the larger
patient numbers that will allow a
clearer understanding of this con-
dition.

Appropriate pharmacologic and
femoral head-sparing surgical

treatments for the early stages of
osteonecrosis are being evaluated.
Although the benefits of core de-
compression in the treatment of
osteonecrosis of the femoral head
continue to be controversial within
the orthopaedic community, in the
authors’ opinion, this procedure
provides a reasonable solution for
the treatment of early-stage osteo-
necrosis. For the symptomatic
patient with severe disruption of
the joint architecture, total hip
arthroplasty remains the treatment
of choice.
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