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MANAGEMENT OF

OSTEONECROSIS OF THE

FEMORAL HEAD
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Osteonecrosis or avascular necrosis of bone
was first described by Munro in 1738. In 1794
Russell published a text on necrosis of bone,
and Cruveillier recorded a gross deformity of
the femoral head as a late complication from
trauma.-* 3% $.8.8 5 1930, Phemister increased
our knowledge concerning the etiology, patho-
genesis, and treatment of this condition.” ® !

Osteonecrosis of the femoral head is a patho-
logic process resulting from the death of living
elements of bone. It is not a specific disease
but rather the end result of various conditions,
ultimately, with impairment of blood supply
to the femoral head. Mechanical and biological
factors contribute to osteonecrosis.

Osteonccrosis may affect young individuals,
in whom the incidence of bilateral disease is
surprisingly high. Osteonecrosis of the hip
may progress through various stages and ter-
minate with degenerative arthritis of the hip
joint. This process may take 3 to 5 years from
its onset or may never progress past an early
stage.

Treatment options are numerous. Cerlain
procedures that might have been performed
years ago are no longer recommended. The
consensus among clinicians is that treatment
depends on the stage of the disorder at the time
of diagnosis. The literature has been limited by
too short of a follow-up or too small of a sam-
ple size. This article discusses the etiology,
pathogenesis, radiologic staging, and treat-

ment regimens for osteonecrosis of the femo-
ral head.

ANATOMY OF THE FEMORAL HEAD

The circulation of the femoral head has been
welldescribed.'s7% % The medial femoral cir-
cumnflex artery gives rise to the superior and in-
ferior retinacular vessels (Fig. 1). The superior
retinacular vessel branches into the superior
metaphysecal and lateral epiphyseal, whereas
the inferior retinacular branch becomes the in-
ferior metaphyseal vessels. The obturator ar-
tery, through its acetabular branch, supplies
the artery to the ligamentum teres, which ter-
minates as the medial epiphyseal artery. Ves-
sels that travel from the femoral shaft and tro-
chanteric region to the femoral neck assume a
subcortical position and terminate within the
proximal portion of the neck. The lateral and
medial epiphyseal arteries supply the lateral
two thirds and medial one third of the femoral
head, respectively, with the inferior metaphy-
seal artery supplying the femoral neck.

ETIOLOGY OF OSTEONECROSIS

Trauma

Many causes contribute to osteonccrosis of
the femoral head (Table 1). Except for trauma,
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Figure 1. A = Blood supply of the femoral head; B = superior
retinacular vessels: C = lateral epiphyseal artery; D = medial
epiphyseal artery; E = superior metaphyseal artery; F = inferior
metaphyseal artery; G and G1 = intramaxillary vessels from the
neck. (Courtesy of Kevin Plancher, MD, New York, NY.)

Table 1. ETIOLOGY OF OSTEONECROSIS OF THE
FEMORAL HEAD

Traumatic

Intracapsular fracture of the neck

Dislocation of the hip

Crushing injury to the hip without fracture or dislocation

latrogenic

Reconstructive hip surgery
Cup arthroplasty
Surface replacement arthroplasty
Cuneiform osteotomy of the femoral neck
Synovectomy

Hip manipulation
Treatment of congenital hip dislocation
Treatment of slipped epiphysis

Nontraumatic

Sickle cell disease and its variants

Legg-Calvé-Perthes disease

Systemic steroid intake

Renal transplant

Lupus erythematous and other collagen-vascular

diseases

Excessive alcohol intake

Exposure to high altitude

Caisson disease

Decompression sickness

Hemoglobinopathies

Coagulopathies

Pregnancy

Gaucher’s disease

Hyperlipidemia

Gout

Pancreatitis

Fibry's disease

Burns

Radiation

Slipped capital femoral epiphysis

Idiopathic

the biologic processes that initiate the patho-
logic phenomenon are unknown. Most cases
of osteonecrosis of the femoral head are caused
by trauma. Transcervical fractures, complete
hip dislocations, and compression fractures of
the femoral head are common culprits.!* 151 3. %
Significant displacement of the femoral neck
can interrupt the blood supply to the femoral
head, superior retinacular, and lateral epiphy-
scal vessels, leaving the medial epiphyseal
and, rarely, the inferior metaphyseal vessels
intact. Osteonecrosis as a result of these inter-
ruptions may occur 8 hours from the time of
injury."-” In a review of 178 cases of traumatic
femoral neck fractures, Claffey" reported that
24 had evidence on radiographs of a linear line
that crossed the lateral epiphyseal arteries in
the subcapital region. All of the patients had
evidence of osteonecrosis on clinical examina-
tion. Osteonecrosis developed in 10 of 20 cases
where the fracture line involved the path of
these arteries.

Osteonecrosis is reported as a complication
in 85% of displaced fractures and in 15% to
25% of nondisplaced fractures of the femoral
neck.”™” Segmental collapse as a result of me-
chanical factors occurs 6 months or more after
the initial injury and can be seen radiographi-
cally. Two studies have reported that osteone-
crosis was approximately five times as com-
mon in nonunited fractures.' 2

Osteonecrosis of the femoral head is seen
following trauma to the hip without fracture.
In a series of 125 cases in which osteonecrosis
developed, 78% followed femoral neck frac-
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tures, 6% followed dislocation, and 2% were
related to trauma to the hip without disloca-
tion or fracture.® Other studies have reported
the incidence of osteonecrosis to be 4% to 10%
following hip dislocation.* This incidence is
related to a delay in effective reduction and to
the degree of initial trauma to the hip.

Late segmental collapse of the femoral
head has been reported following iatrogenic
trauma.” % Hip-nailing procedures for inter-
trochanteric fractures, prolonged or forceful
manipulation with treatment of congenital hip
dysplasia or slipped epiphysis, arthroplasties
and synovectomies with dislocation and exci-
sion of the capsule and ligamentum teres, and
the cuneiform osteotomy for the correction of
slipped epiphysis or coxa vara have been re-
ported as the cause of osteonecrosis.

Nontraumatic

Many drugs and diseases have been linked
to osteonecrosis of the femoral head. Although
the pathology in the various stages is known,
the basic mechanisms initiating their patho-
genesis are not fully understood. There is an
increasing incidence of femoral head osteone-
crosis associated with steroid intake for the
treatment of medical illnesses (18% to 57%) or
transplantation (13%)." * ® Explanations for
the pathogenesis of steroid-induced osteone-
crosis include fat embolization from a fatty
liver, fat necrosis, steroid-induced vasculitis,
compression fractures of osteoporotic bone,
and increased coagulability and viscosity of
the blood. The association of alcoholism with
osteonecrosis of the femoral head is well
known and is thought to be caused by fat em-
boli.” %+ Bone changes owing to a hemoglo-
binopathy (particularly sickle cell discase) are
caused by mechanical interruption to the
blood supply of the superior weight-bearing
portion of the femoral head. Kenzora and co-
workers® proposed the accumulative cell
stress theory in an attempt to explain an un-
identified process that damages the osteocytes.
Solomen™ believed that protective pain re-
sponses and the anti-inflammatory state as-
sociated with analgesics, anti-inflammatory
drugs, and alcohol combined with osteoporo-
sis and stress weight-bearing led to subchon-
dral bone collapse.

Several studies have shown that the major
cause of osteonecrosis of the femoral head is
an increase in the intraosseous pressure of the
proximal femur. It is hypothesized that be-

cause the femoral head is a closed compart-
ment, any ischemic cpisode produces venous
obstruction that results in increased intraos-
seous pressure. Similar to a compartment syn-
drome, this increase in pressure produces a
cycle of progressive ischemia that eventually
leads to bone death.* * * However, the seg-
mental involvement of the anterosuperior
weight-bearing portion of the head in osteone-
crosis is difficult to explain with this hy-
pothesis.

CLINICAL SYMPTOMS

The onset of symptoms is usually insidious,
but an acute attack of pain may happen with
minor traumatic injuries. The diagnosis is seen
70% of the time in men. D’Aubigne and Frain®
reported that 75% of patients with osteone-
crosis were between 30 and 60 years old. Pain
is almost always unilateral; however, in ap-
proximately 55% of cases, the opposite hip be-
comes involved within 2 years. Range of mo-
tion is well preserved in the beginning of the
disease but gradually deteriorates. Decreased
motion and limp develop as degenerative
changes progress.

PATHOGENESIS AND
RADIOLOGIC CHANGES

Pathologic changes in osteonecrosis have
been clinically studied and compared with the
changes in experimental animal models.* Clin-
ical and pathologic changes may not appear
until months or years after the insult; however,
histologic and metabolic changes occur within
hours. These two types of changes are divided
into the carly and late stages of osteonecrosis.

In the carly stage, cells lose their viability
12 hours after a vascular insult. Histologic
changes are not evident until 48 hours later,
and radiologic changes are not scen before 2
months. The death of bony trabeculae is not
evident until 2 or sometimes 4 weeks postin-
sult. Because of its nourishment from the syno-
vial fluid, no changes occur in articular car-
tilage.

Ingrowth of vascular fibrous tissue occurs dur-
ing the first few weeks as a repair process occurs
in the base of the femoral head® ' # % ® 7
The carliest sign of repair is an increase in
density found on radiography in the superolat-
eral area of the femoral head. Thickened tra-
beculae are noted, and, on occasion, diffuse



464 PLANCHER & RAZI

osteopenia may be the first radiographic ab-
normality.

In the late pathologic stage, repair is blocked
because of the advancement of fibrous tissue,
which becomes a dense avascular wall. Gross
segmental collapse leads to increased density
of mechanically compressed bone. Areas of ra-
diolucency evolve within the head as the result
of a reparative process. Frequently, a radiolu-
cent line or crescent sign is scen beneath the
subchondral bone of the superior portion of
the femoral head in the anteroposterior or lat-
eral view (Fig. 24 and B). This is a result of the
collapse of dead cancellous bone that separates

from the articular cartilage. Ficat and Arlet™
defined the appearance of the crescent sign as
a transitional stage between a spherical and a
flattened femoral head. Gradually, flattening
of the weight-bearing arca occurs, and the cres-
cent sign gradually becomes obliterated with
a radiograph that reveals dispersed regions
of radiolucency. The acetabulum and articular
cartilage remain grossly normal until the very
late stage of the disease; however, some sur-
face irregularitics and cell injury may be seen
histologically. Changes in the acetabulum,
such as sclerosis, cystic degeneration, and os-
teophyte formation, begin late. Eventually, ra-

Figure 2. A, Plain radiograph of the crescent sign and subchondral coliapse
seen in a femoral head with osteonecresis. B, MRI of the right hip demonstra-
ting the crescent sign and subchondral collapse seen in a femoral head with
osteonecrosis. (Countesy of Kevin Plancher, MD, New York, NY.)
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diography reveals degenerative arthritis of
the hip.

CLASSIFICATION AND STAGING

There are several treatment modalities for
osteonecrosis of the femoral head. Each treat-
ment regimen may be helpful for a specific
stage of the disease process. Evaluating the
degree or stage of involvement in the femoral
head is important. Staging the disease deter-
mines the prognosis as well as the optimal
method of treatment.

Several staging systems have been de-
scribed. The staging system recently reported
by Steinberg and colleagues®™ % (Table 2) is
similar to that outlined by Marcus* (Table 3),
Ficat and Arlet* and Ficat (Table 4). Stein-
berg’s classification allows the physician to

Table 2. STEINBERG'S RADIOLOGIC STAGING OF
OSTEONECROSIS OF THE FEMORAL HEAD

Stage

Criteria

0  Normal or equivocal radiograph, bone scan, and
MR image
| Normal radiograph, abnormal bone scan, and/or
MR imaging
Mild (<15% of head involvement as seen on
MR imaging)
Moderate (15% to 30%)
Severe (>30%)
Il Abnormal radiograph showing cystic and sclerotic
changes in the femoral head
Mild (<15% of head involvement as seen on
radiograph or quantative CT)
Moderate (15% to 30%)
Severe (>30%)
Il Subchondral collapse producing a crescent sign
without fiaitening
Mild (subchondral collapse beneath <15%
of articular surface)
Moderate (crescent sign beneath 15% to
30%)
Severe (crescent sign beneath >30%)
IV Flattening of the femoral head without joint
narrowing
Mild (<15% of surface has collapsed, and
depression is <2 mm)
Moderate (15% to 30% collapsed or 2 o
4 mm depression)
Severe (>30% collapsed or >4 mm
depression)
V  Joint narrowing with or without acetabular
involvement
Mild (average of femoral head involvement,
as
Moderate determined in stage IV and
estimated
Severe acetabular invalvement)
VI Advanced degenerative changes

Table 3. MARCUS’ RADIOLOGIC STAGING OF
OSTEONECROSIS OF THE FEMORAL HEAD

Stage

Criteria

| Normal or equivocal radiograph, MR image, or
bone scan
It Sclerotic or cystic lesions
1l Crescent sign
v Step-off in outline of subchondral bone
\ Narrowing of carlilage space with degenerative
changes

quantify the extent of involvement of the femo-
ral head in both early and late stages. The clas-
sification system involves bone scanning or
quantitative MR imaging. Clinical records of
pain and reduced range of motion are helpful
in determining treatment and outcome, but are
not part of the staging system.

The classification consists of seven stages.
The extent of the disease is subdivided with
each level of involvement recorded as mild
(A), moderate (B), or severe (C). Correlation
between outcome and size of the necrotic seg-
ment has been studied by several investiga-
tors.¥ #:%.70.5 Each stage has a clinical corre-
lation.

Stage 0

Plain films, imaging, and bone scans are ei-
ther normal or equivocal. This stage includes
patients with known risk factors and abnormal
but not diagnostic MR imaging or bone scans,
patients with hip pain, and patients with os-
teonecrosis in the contralateral femoral head.

Stage |

Plain films are within normal limits, but
MR imaging or bone scanning indicates os-
teonecrosis. The percentage of abnormal fem-
oral head can be approximated from the

Table 4. FICAT'S BADIOLOGIC STAGING OF
OSTEONECROSIS OF THE FEMORAL HEAD

Stage

Criteria

| Normal or equivocal radiograph, MR image. or

bone scan
A Diffuse porosis, sclerosis, or cyst
1B Flattening or crescent sign
1] Broken contour of head
v Decreased joint space, flattened contour,

collapse of head
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MR image or calculated by a computerized
program.

Stage Il

Plain radiographs show definite changes,
with alternating areas of radiolucency and
sclerosis sometimes distinguished from nor-
mal bone or by a sclerotic border. The abnor-
mal area of the femoral head is measured on
both the anteroposterior and frog lateral views
by tracing the whole head and the involved
area on paper. The percentages on the antero-
posterior and lateral views are multiplied lo
obtain the total volume affected.

Stage Il

This stage is defined by the emergence of
the crescent sign on plain radiographs. This
sign indicates collapse of the cancellous trabec-
ulae without flattening of the articular surface.
An anteroposterior or lateral view is obtained
to measure the length of the crescent sign and
the percentage of its length over the entire ar-
ticular surface. This percentage is calculated
with a map-reading planimeter or specially
designed grids.®

Stage 1V

Flattening of the articular surface on either
anteroposterior or lateral views is seen. The
collapse is often apparent in the anterolateral
or superior aspects of the femoral head. CT is
helpful in detecting small amounts of segmen-
tal collapse if the patient has experienced more
pain than anticipated. The acetabulum appears
normal on radiographs. The extent measure-
ment is performed as for stage IlI, and the
maximum depression of the collapsed scg-
ment is also meaasured in millimeters using
concentric circles or special grids.* This stage
has serious prognostic and therapeutic impli-
cations because the changes are irreversible.

Stage V

Radiologic acetabular involvement is now
present. Steinberg and others believe that this
stage almost always follows the flattening of
the femoral head because of secondary degen-
erative arthritis.®® The changes evolve as pro-

gressive joint-line narrowing, cyst formation,
and sclerosis above the acetabulum with mar-
ginal osteophyte formation. The extent and the
amount of the collapsed femoral head is mea-
sured as in stage IV, and the degree of acetabu-
lum involvement is estimated. The head
involvement places a patient in a specific stage.

Stage VI

The hallmark of this stage is advanced de-
generative changes.

DIAGNOSIS

Diagnosis in early slages provides the op-
portunity to prevent collapse of the femoral
head. A thorough history must be taken, in-
cluding past and present diseases, hip trauma,
excessive drug intake, and exposure to sport-
ing activities, such as diving. The complete
physical examination should include an evalu-
ation of the hip with documentation of the
range of motion. The radiologic evaluation
should include an anteroposterior view of the
pelvis with the legs internally rotated and a
lateral view of both hips. Frog leg lateral views
can be substituted for a shoot through the lat-
eral view if the patient can flex the hip to 90
degrees with some abduction.

The appearance of radiologic changes on
plain staging systems lags several months
from the vascular insult. Early diagnosis is im-
portant to prevent segmental collapse and to
help select the best treatment modality. Special
imaging techniques can be used to confirm the
suspected clinical diagnosis when plain films
are normal. Laminograms historically used in
both anteroposterior and lateral views are
now rarely obtained. Bone scanning with
technetium-99m diphosphate is a sensitive but
not specific test. CT is useful once structural
changes have evolved in the bone. MR imaging
is the best technique for the early diagnosis of
osteonecrosis of the femoral head.

Dynamic bone studies and a core biopsy
may provide diagnostic information in the
early stages of disease. However, with the ad-
vent of MR imaging, the acquired information
is more reliable than that obtained by dynamic
studies. Evaluations, such as intraosseous
pressure measurement and venography,® %
bone-seeking isotope,® electrical determina-
tion of gas tensions, tetracycline fluores-
cence,'® clearance of radioisotopes, thermal di-
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lution, arteriography, and autoradiography
have been used in the past but are rarely used
today and have been replaced by MR imaging,.

Subtle changes in the femoral head not con-
sistent with stage 11 to VI discase require MR
imaging or bone scanning. These modalities
are recommended as routine imaging for the
opposite hip once a diagnosis of osteonecrosis
has been determined. Clinicians must main-
tain a high index of suspicion in the patient
with risk factors for this disease, especially if
the contralateral hip is already involved (Fig.
3A and B).

TREATMENT

Osteonecrosis of the femoral head remains
a difficult therapeutic problem. The stage of
disease at the time of diagnosis determines the
best treatment options, although other factors,
such as etiology, the duration of symptoms
including pain and impediment, age, general
health, and unilateral or bilateral involvement,
are also important factors.

The ideal approach is to preserve rather than
to replace the intact femoral head. The size of
the devitalized bone will determine the treat-
ment regimen. If the segment is not close to
the weight-bearing surface and is small, it may
remain silent, and the necrotic area may be
replaced with living bone. Most intracapsular
fractures have some associated osteonecrosis.
This portion of the femoral head will often
heal with proper open reduction and internal
fixation. Nontraumatic causes of osteonecrosis
can be reduced with adjusted steroid doses
and optimal management of renal failure or
sickle cell disease; proper precautionary mea-
sures should be taken by divers and caisson
workers.

Increased force on the weight-bearing sur-
face of the femoral head can affect the progres-
sion of segmental collapse. Nonoperative mea-
sures, such as observation, analgesics, and
limited weight bearing, may be successful
when the femoral head is minimally involved.
Steinberg and others, however, found that 92%
of their cases progressed in stage no matter
what was done to avoid collapse ™ #8825 The
authors believe that nonoperative measures
should be recommended for pain relief, when
the diagnosis is not confirmed, or for condi-
tions that have not progressed to a point at
which there is a need for reconstruction. In
agreement with Steinberg, Musso and co-
workers™ showed no clinical improvement

with nonoperative treatment in 50 hips with
Ficat Stage 111 disease, the rate of arthroplasty
was 68% at an average of 16 months after diag-
nosis.

Nonoperative treatment has been used for
many years. [n a review of 2025 hips treated
either by core decompression or nonoperative
management, poor results were reported with
nonoperative therapy when compared with
core decompression; clinical success rates were
22.7% compared with 53% with a core decom-
pression.® Ohzono® and Stulbery™ and their
colleagues® also reported a 68% rate of pro-
gression of collapse to the femoral head in 115
hips treated nonoperatively.

Preservation of the femoral head is the pri-
mary goal in surgery for osteonccrosis of the
femoral head. Improved diagnostic techniques
have made it possible to intervenc before seg-
mental collapse occurs, but no one technique
has been completely satisfactory.® The follow-
ing is a discussion of the various surgical alter-
natives.

Core Decompression

Core decompression is performed through
a lateral incision over the greater trochanter
with a drill hole made in the distal end of the
greater trochanter. Care must be taken to avoid
a subtrochanteric fracture. A biopsy of the ne-
crotic area is performed, and drilling is com-
pleted up to the subchondral surface and ra-
diographic guidance through the center of the
necrotic area. Patients are made non-weight
bearing for 3 months postoperatively.

Arlet and Ficat® analyzed osteonecrosis of
the femoral head with the use of pressure mea-
surement, venography, and core biopsy. This
led them to use core decompression in treat-
ment. Ficat realized that the goal of core de-
compression was to decrease the high intra-
medullary pressure in an attempt to relieve
pain, improve venous drainage, and amplify
vascular ingrowth.™ ¥ %% Ficat reviewed the
records of 133 patients with stage | and II dis-
case and found a successful clinical result in
90% with no radiologic progression in 79%.%
Hungerford and Lennox™® reported on 204 hips
followed up for 3 years, with no subsequent
operation in 96%, 77%, and 60% of patients
with ficat Stage I, 1I, and Il disease, respec-
tively.

The popularity of this procedure has de-
clined because of recent findings."* Smith and
co-workers” reported the results in 114 hips



468 IPLANCHER & RAZI

Figure 3. Plain radiograph (A} and MRI (B) of bilateral osteonecrosis of the hip
seen with different Ficat stages The left side is asymptomatic. (Courtesy of

Kevin Plancher. MD, New York, NY.)

with an average follow-up of 3 years and 4
months. They concluded that core decompres-
sion should be used for Ficat stage | lesions,
but an alternative procedure was recom-
mended for stages above 1IB. In a retrospective
review of 54 hips, Merkel and co-workers”
reported a 35.2" overall success rate. Koo and
co-workers® found that there was no greater
value of core decompression in comparison
with nonoperative modalities in preventing

collapse in early osteonecrosis of the femoral
head except for symptomatic relief. Fairbank
and Hungerford™™ reported long-term results
(11 vears) of core decompression with satistac-
tory clinical results, although 56% of cases
(128) had progressed radiologically by at least
one additional Ficat stage. These investigators
continue to recommend core decompression
in young, patients to delay the need for total
hip replacement.
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Core decompressions, when performed be-
fore femoral head collapse, hasbeen advocated
as an cfficient technique to interrupt or delay
the disease process in young individuals.
However, conflicting clinical results continue
to be reported because of the poorly defined
natural history of the early stages in this
discase.

Bone Grafting

Several different bone-grafting techniques
have been advocated in the literature. These
include the addition of autogenous or allograft
cancellous bone to a core decompression,
osteochondral grafts, muscle-pedicle bone
grafts,” ¥ and free vascularized bone grafts
with iliac™ or fibular bone. Phemister or-
iginally described the technique of using a
bone graft from the tibia. This technique was
subsequently modified by Bonfiglio and col-
leagues.” "' The graft from tibia is placed in
the canal after the drilling to provide mechani-
cal support for the articular surface. Satisfac-
tory rtesults have been reported in 70% of
cases.’

Meyers’ > uses a muscle-pedicle bone graft,
inserting it (quadratus femoris muscle pedicle
graft) into a posterior window at the femoral
head-neck junction after curettage of the ne-
crotic area and packing with cancellous bone.
Because of poor results in postcollapsed
heads, he modified the procedure to excise the
collapsed area, fill the defect with cancellous
bone, and then resurface it with fresh cadaveric
osteochondral grafts. In a small series of five
patients, there were three excellent and two
good results at a 2-year follow-up.$ 5%

Boettcher and co-workers” reported good or
fair results with autogenous grafting after a 6-
vear follow-up. Similar results were obtained
by Buckley and co-workers" using allograft.
Steinberg and colleagues® reported the results
of bone grafting from the trochanter and distal
femoral neck. The core of bone is placed back
into the hole in a reversed position. This
method permits an adequate decompression
and helps the repair process by the ingrowth
of new vessels. A tibial donor defect is
avoided. The authors prefer this approach for
the treatment of a precollapsed head. In 1995
Steinberg reported long-term follow-up (2 to
12 years) of 300 hips treated with this ap-
proach. He concluded that core decompression
with cancellous bone grafting is a safe and
effective treatment for early stages of osteone-

7.5

crosis of the femoral head.® The authors agree
with Roscenwasser and  co-workers”  that
younyg, patients with Ficat stage 11 and 11 dis-
ease should be treated with a core decompres-
sion and bone grafling,.

Free Vascularized Bone Grafting

Vascularized fibular grafting has been advo-
cated to promote healing of the femoral head
by decompression, excision of the sequestrum,
and examination of the spontancous repair
process through replacement of the affected
bone with a viable cortical graft and cancellous
bone, all to prevent the progression of discase.
Urbaniak reported on his initial series of 80
cases treated by curettage and placement of
autogenous iliac bone” and a vascularized fib-
ular graft. A total of 26 patients had Fical Stage
I and II disease and 54 patients Ficat Stage
III and IV discase. A Watson-Jones surgical
approach was used. A drill hole is made into
the femoral head as performed in routine de-
compression. The diameter of the hole is made
large enough to fit the graft without compres-
sion. Cancellous bone is taken from the drill
hole and pushed back into the cavity, followed
by insertion of the fibular graft. The fibular
graft is harvested according to the method de-
scribed by Gilbert and colleagues.® Fixation of
the graft is accomplished with a small Stein-
mann pin. An end-to-end vascular anastomo-
sis is performed. At 3-year follow-up, Urban-
iak reported a failure rate of 7.5%.%"%

In 1995 Urbaniak and co-workers™ reported
their long-term follow-up study of 103 hips
treated with free vascularized fibular grafting.
There was an 81% patient satisfaction, with
86% of patients reporting a decrcased need for
pain medication. Several other investigators
have reported similar results and suggest that
this is an excellent method to salvage patients
with osteonecrosis.*™ ' Urbaniak" recently re-
ported that the removal of a vascularized fibu-
lar segment was associated with some motor
weakness and sensory deficit in the foot in
11.8% of patients at 5 years. The prevalence of
pain in the ankle and foot increased with time
from 1.6% at 3 months to 11.5% at 3 years. It
was concluded that although this procedure
remains ideal for young patients, the morbid-
ity must be weighed against the benefit. The
authors consider free vascularized bone graft-
ing to be a reliable alternative method for the
management of femoral head osteonecrosis in
young patients (Fig. 4A and E).



470 PLANCHER & RAZI

Figure 4. A, Plain radiograph of osteonecrosis
fibular graft harvested.

Some centers have performed other types of
vascularized bone grafts in conjunction with
an osteotomy. Ganz and Buchler have de-
scribed a technique used by Hori. A distally
ligated arteriovenous pedicle, arteriovenous
fistula loop, or other vascularized bone graft
is placed in the slot of decompression and a
realignment osteolomy puerformed.™

Electrical Stimulation

Electrical stimulation of a femoral neck non-
union is associated with an 80% to 85% union
rate® Electrical stimulation (pulsed electro-
magnetic field) has been advocated for the
treatment of osteonecrosis of the femoral head
because its histologic appearance is similar to
that of nonunion.>* In 1989 Steinberg and co-
workers™ reported that the addition of direct
current stimulation to decompression and
grafting seemed to improve the results. Aaron
and co-workers' compared the results in 50
hips treated by decompression with the results
in 56 hips treated with pulsed electromagnetic
fields with an average follow-up of 2.3 years.
The outcome was successful in hips with ficat
Stage IT and Il disease treated with pulsed
electromagnetic fields. In 1990 Trancik and co-
workers” evaluated 11 hips with Ficat stage Il
disease treated with core decompression and

placement of an electrical stimulating coil.
There was nn avtra henafit in the nreventinn
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of further femoral head destruction. Similar
findings were obtained with capacitive cou-
pling as an adjunctive treatment with decom-
pression and grafting.* Currently, most clini-
cians do not use electrical stimulation for the
treatment of femoral head osteonecrosis.

Osteotomy

Various types of femoral osteotomies have
been performed to preserve the femoral head
in young individuals with stage I disease.
Pathophysiologic events of osteonecrosis of
the femoral head, as studicd by Kenzora, sug-
gest that subchondral resorption exceeds re-
pair. This results in the loss of structural integ-
rity with collapse. Osteotomy helps to avoid
this phenomenon by redirecting the forces on
the femoral head.

Flexion/extension with a varus osteotomy
was advocated by D’Aubigne and Frain® in
1972. This procedure was performed on 92 sub-
jects with a 1- to 13-year follow-up. Forty per-
cent of the patients progressed to degenerative
arthritis. [t was suggested that this procedure
should be performed only when the necrotic
segment is small and can be completely re-
moved. Kerboul and co-workers recom-
mended a varus osteotomy when at least a 20-

degree arc of the lateral head was intact. Saito

and ralleacnec® cninnarted  thic nracedure
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Figure 4. (Continued). C, AP radiograph 1 month postoperatively from a free vascularized
fibula transfer. D. AP radiograph 6 months postoperatively in the same patient. £, Lateral
view 6 months postoperatively. (Courtesy of Kevin Plancher. MD. New York, NY.)

when more than cne third of the femoral head
was intact laterally (Fig. 5A and B).

A valgus/flexion osteotomy is recom-
mended by Wagner when the total angle of
necrosis is 200 degrees or less, the lesion is
primarily anterolateral, and the patient is
young and active (Fig. 64 and B). The proce-
dure is performed with the hip flexed 30 to 60
degrees with valgus of no more than 15 to 20
degrees. If the lesion is more central, a varus
or varus/extension osteotomy is preferred.”
Scher and Jakim™ conducted a prospective
evaluation of 45 hips with Ficat stage III dis-
case treated with valgus/flexion intertrochan-
teric osteotomy and autogenous bone grafting.
The success rate was 87%. The authors recom-
mend this osteotomy in patients with osteone-
crosis that involves the anterosuperior seg-
ment of the femoral head, in patients with Ficat

stage 1l disease, and in male patients less than
45 years old or voung female patients.
Sugioka® advocated another type of osteot-
omy to relieve the pressure from a large area
of necrosis in the weight-bearing zone. The
femoral head and neck are rotated 60 degrees
or more on the long axis of the neck. Good
joint surface preservation was found in a 10-
vear follow-up. In 1992 Sugioka introduced a
transtrochanteric anterior rotational osteot-
omy.™ It was possible to obtain transposition
of the articular cartilage to the weight-bearing
area in the sagittal ptane. The rate of cxcellent
results was 89% in 98 hips with Ficat Stage 11
disease, 73% in 134 hips with stage 1l disease,
and 70" in 63 hips with Stage IV disease. Fem-
oral head collapse was prevented in 93% of
cases followed up for 3 to 16 years, even in
patients receiving steroids. This procedure has
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Figure 5. AP radiographs preaperatively (A) and postoperatively (B) of a hip with osteone-
crosis treated with a varus/extension osteotomy. (Courtesy of T. Thornhill. MD, Boston. MA )

Figure 6. AP radiographs praoperatively (A) and postoperatively (B) of a hip with osteone-
crosis treated with a valgus/flexion osteotomy. (Courtesy of T. Thormhill, MD, Boston. MA.)
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not been recommended by other surgeons be-
cause it is technically difficult to perform,
and most surgeons are unable to reproduce
Sugioka’s results.”* In 1993 Dean and Caba-
nela*! reported that 83% of their cases (15 of 18)
had further collapse following this procedure.
Isotope scans have shown that this type of
osteotomy may impair the residual blood sup-
ply of the femoral head. Dean and his col-
leagues subsequently abandoned the use of
this procedure at their center.

Joint Reconstruction

Reconstructive measures are preferred once
the femoral head has collapsed or acetabulum
degenerative changes have occurred. Several
reconstructive procedures have been reported
for different stages of osteonecrosis. Prosthetic
replacement is frequently an unappealing op-
tion for young patients. Risk factors associated
with osteonecrosis accompany many of the
complications of these reconstructive modal-
ities.

Cup Arthroplasty

Two types of cup arthroplasty have been
advocated for the treatment of osteonecrosis
of the femoral head. Kerboul and co-workers*
described the use of adjusted cup arthroplasty
when the results from the standard technique
were not satisfactory. The cup was impacted
onto the reamed femoral head. Good results
were obtained in 66% of cases, fair results in
16%, and failure in 13% regardin%function and
pain relief. Sedel and co-workers” reported the
results of spherocylindric cup arthroplasty in
38 hips with an average follow-up of 6 ycars,
They recommended this procedure as a justi-
fiable alternative to total hip replacement in
young adults because some patients remain
stable even after 10 years. Sellman and Froim-
son’ reported long-term follow-up of a young
child with Gaucher’s disease. Resurfacing, ar-
throplasty was performed instead of cup ar-
throplasty. Currently, the authors are not
aware of any centers in the United States that
continue to perform cup arthroplasty.

Femoral Head Replacement

It is logical to change the femoral head with-
out replacing the acetabulum because the ini-

tial pathology of osteonecrosis is in the femoral
head. The Thompson and Austin-Moor single-
component and the Bateman bipolar prosthetic
devices have been advocated. Long-term un-
satisfactory results have been reported with
both cemented and noncemented fixed-head
prostheses. Complications include femoral
loosening (distal subsidence or angular shift),
deterioration of acetabulum cartilage, and pro-
trusio acetabuli. " Steinberg and colleagues
reported that for patients under 50 years of
age, the revision rate was 47% with a mean of
5.4 years to revision. Multicomponent devices
are associated with a better outcome than
single-component prostheses. In 1992 Takaoka
and co-workers” compared a series of 83 hips
treated with bipolar prostheses with or with-
out cement with a series of 19 hips treated with
Austin-Moor  single-component prostheses.
The bipolar prostheses were the preferred
method of treatment for advanced osteone-
Ccrosis.

Surface Replacement

Surface replacement has somc advantages
over total hip replacement because the former
procedure leads to preservation of the femoral
head and neck and allows for a future total hip
replacement if necessary. Several investigators
have suggested that this procedure is effective
in cases in which the femoral head is not exten-
sively involved, permitting the prostheses to
be fit on structurally viable bone.? A total of
100 porous surface replacements were per-
formed by Amstutz and colleagues in patients
with a mean age of 53 years with 1 to 4 years
of follow-up. The porous replacement avoids
the major disadvantage of an acrylic-fixed sur-
face replacement, namely, the excessive ace-
tabular recaming. The method of surface re-
placement has becen abandoned in many
centers because of its high failure rate.

Total Hip Replacement

In 1981, approximately 10% of the more than
500,000 patients undergoing total hip replace-
ment in the United States had a diagnosis of
osteonecrosis of the femoral head.¥ When
there is involvement of both the acetabulum
and femoral head, the best and most frequent
reconstructive therapy is total hip replace-
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ment™ ¥ (Fig. 7). Several reports indicate that
this method is not used in young individuals
who are heavy or physically active. These
studies reveal a 15% to 20% 5-year failure rate
in cemented total hip replacements in patients
younger than 40 years.* ¥ Several studies of
cemented total hip replacements suggest that
osteonecrosis is a bad prognostic indicator.
In a report of 103 total hip arthroplasties, 12
hips failed; 11 of these 12 hips had a diagno-
sis of osteonecrosis.” Saito and co-workers™
reported that patients with a diagnosis of
osteonecrosis had a poorer outcome after ce-
mented total hip replacement than age-
matched patients with osteoarthritis. More-
over, several reports have demonstrated that
patients with idiopathic osteonecrosis or with
trauma have better outcomes than patients
with a systemic disease that requires the use
of steroids. When arthroplasty is considered
for the treatment of young patients, the use
of total hip implants without cement, which
facilitates bone growth, is a better alternative
than arthroplasty with cement.* Piston and co-

Figure 7. Total hip arthroplasty used for treatment of os-
teonecrosis of the hip. (Courtesy of Kevin Plancher, MD,
New York, NY.)

workers™ recommended caution when per-
forming arthroplasty without cement because
of its high rate of complications and the poten-
tial of failure owing to osteolysis. Reports cit-
ing high incidences of thigh pain in cementless
total hip arthroplasties are well known. Katz
and co-workers™ reported a 29% prevalence
of this complication. Additional studies with
longer follow-up and larger sample size need
to be performed to evaluate cementless versus
cemented total hip arthroplasties.

OTHER TECHNIQUES
Girdlestone Pseudarthrosis

Girdlestone pseudarthrosis is used as a sal-
vage procedure for special circumstances. A
painful hip with superimposed sepsis, a failed
total hip replacement with sepsis, or a femur
without good bone stock are all indications for
a girdlestone procedure. Pain relief and good
range of motion can be achieved if the proce-
dure is performed propcrly. Conversion to a
total hip replacement can be performed at a
later date.

Hip Fusion

Hip fusion is infrequently recommended for
osteonecrosis because of its high failure rate.
Patients are not usually satisfied with a fused
hip. Consideration should always be given to
the opposite hip because there is a high inci-
dence of bilateral involvement. Roberts and
Felto™ believe that this procedure could serve
as an alternative to cemented total hip ar-
throplasty until cementless total hip replace-
ment is proven to be successful in younger pa-
tients.

TREATMENT RECOMMENDATIONS
ACCORDING TO STAGING

Stages 0 through I

Prophylactic measures should be taken be-
fore collapse of the femoral head. An aggres-
sive approach is recommended to halt the pro-
gression of disease. Core decompression and
grafting are advised in thesc stages. An ad-
junctive pulsed electromagnetic field could be
added to this regimen. Free vascularized grafts
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have shown good outcomes. Osteotomies are
suggested in very late stage II disease.

Stage lil through IVA

As long as there is no or minimal flattening
of the femoral head, it is still ideal to preserve
the head. This is possible using osteotomy pro-
cedures. However, once collapse occurs, the
process will inevitably progress.

Stage IVB through IVC

At this point, there are no therapeutic mea-
sures to preserve the head; the only nonrecon-
structive therapy is the Sugioka rotational os-
teotomy. A femoral head arthroplasty using a
single-polar but preferably bipolar prosthesis
is advised. Nevertheless, most of these patients
will need total hip replacement long term.

Stages V through VI

The acetabular cartilage has already been
distracted in this stage, and total hip replace-
ment is the only modality left. In special situa-
tions, other techniques may be utilized.

CONCLUSION

Osteonecrosis is a complex entity that re-
quires a specific treatment regimen after accu-
rate diagnosis. Early diagnosis is crucial. MR
imaging is the gold standard diagnostic tool.
As is true in all areas of orthopedics, attention
to a detailed history and physical examination
is important. Preservation of the femoral head
is the primary goal of any intervention modal-
ity. Improved diagnostic techniques have
made it possible to intervene before segmental
collapse occurs, but no one technique has been
completely satisfactory.
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