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Corrective Osteotomy for Osteonecrosis of the Femoral Head

THE RESULTS OF A LONG-TERM FOLLOW-UP STUDY*
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" ABSTRACT: We reviewed the long-term results of
thirty-seven corrective osteotomies that had been per-
formed for osteonecrosis of the femoral head that was
stage II or III according to the classification of Ficat
and Arlet. At a mean of 11.5 years (range, five to
eighteen years) postoperatively, twenty-eight hips (76
per cent) had a good or excellent result according to
the Harris hip-scoring system, and nine (24 per cent)
had a fair or poor result and subsequently needed a
total hip arthroplasty. Six of the nine failures were in
the seventeen hips of patients who had received corti-
costeroids. Conversely, of the twenty hips of patients
who had not received corticosteroids, seventeen (85 per
cent) had a good or excellent result as determined by
the Harris hip score at the latest follow-up evaluation.
Five of the six hips that had had a combined necrotic
angle of more than 200 degrees preoperatively had
subsequent collapse of the femoral head. Of the thirty-
one hips that had had a combined necrotic angle of less
than 200 degrees preoperatively, twenty-seven (87 per
cent) had a good or excellent clinical result.

There were five complications. Three non-unions
and one cutout of the compression screw were success-
fully treated, and these hips had an excellent clinical
result at the time of the latest follow-up. The fifth
complication was osteomyelitis and led to a poor result.

The results of this study suggest that corrective
intertrochanteric osteotomy is a successful treatment
for Ficat and Arlet stage-II or III disease if the patient
has a small or medium lesion (a combined necrotic
angle of less than 200 degrees) and is not receiving
continuous high doses of corticosteroids.

Osteonecrosis of the femoral head is a challenging
clinical problem. Moreover, many patients are first seen
after the femoral head has already collapsed, leaving
the surgeon with few treatment alternatives other than
total hip replacement. Osteonecrosis is reported to be
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the underlying process accounting for approximately 10
per cent of hip arthroplasties performed in the United
States™*# In a study of 2012 total hip arthroplasties®,
osteonecrosis was the diagnosis in 103 hips (5 per cent).
The National Hospital Discharge Survey® revealed that
osteonecrosis had accounted for 21,000 (10 per cent)
of 209,000 hip arthroplasties in 1991. The disease usu-
ally occurs in young patients, with the mean age in most
studies” being less than forty years, making the effects
even more devastating. Salvage by hip replacement
in these young patients is also associated with prob-
lems®**. Many authors have reported high rates of fail-
ure with older techniques of cementing. Cornell et al.’
reported that eleven (39 per cent) of twenty-eight
femoral components had failed. Dorr et al.”® studied
the results of eighty-one total hip arthroplasties. At a
mean of 9.2 years (range, five to 16.5 years) postopera-
tively, they found that ten (45 per cent) of twenty-
two hips in patients who had osteonecrosis had failed.
It is too early to tell whether modern techniques of
cementing and the use of so-called first-generation
prostheses without cement have led to an improve-
ment in these results*. Consequently, there is a contin-
uing search for procedures that preserve the femoral
head, such as vascularized and non-vascularized bone-
grafting12.2(u.29.31435.40,41.44 and OsteotomyZ,RBJ1,]4,I5‘]9-2],23,24,29.31.3(»-39.42.43‘
The rationale for the use of an osteotomy to treat
osteonecrosis of the femoral head includes both vascular
and neurological factors. Some authors have reported
that the salutary effects of periarticular osteotomies on
symptoms may be due to the reduction of venous hyper-
tension and subsequent intramedullary pressure after
such procedures®’. However, most authors have em-
phasized the importance of the biomechanical effect of
the removal of the necrotic or collapsing segment of
the femoral head from the principal weight-bearing area
of the hip, thus allowing the weight-bearing contact with
the acetabulum to be borne by the articular cartilage of
the femoral head, which is supported by healthy bone.
There are many reports in the European and Japan-
ese literature concerning the use of various types of
osteotomies for the salvage of hips with Ficat and Arlet
Stage_II or III disease'ﬂl,14.]5‘19-21423,24.29.3l,3()-39,42,43' In Japan, a
well known technique is the transtrochanteric osteot-
omy as described by Sugioka et al.”*. This technically
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TABLE 1
STAGING OF OSTEONECROSIS OF THE FEMORAL HeaD"

Stage Radiographic Appearance
1 Normal
11 Cystic or osteosclerotic lesions, or both; normal
contour of femoral head; no subchondral fracture
111 Crescent sign or subchondral collapse
v Narrowing of joint space, secondary acetabular

changes (cysts, marginal osteophytes, and
destruction of cartilage)

demanding operative procedure has been associated
with variable rates of success”*#***. Varus and valgus
osteotomies have also been associated with variable
rates of failure after short-term follow-up of approxi-
mately f]ve years]4.15.19-2]25.29,31‘42-43.

The purpose of the present report is to describe the
long-term results of corrective intertrochanteric osteot-
omy for the treatment of Ficat and Arlet" stage-II or 111
osteonecrosis.

Materials and Methods

Between January 1975 and December 1988, thirty-
four patients had a corrective intertrochanteric osteot-
omy for the treatment of a painful hip associated with
Ficat and Arlet” stage-I1 or III radiographic changes of
osteonecrosis {Table I). To be included in the study, a
patient had to have been followed for a minimum of five
years postoperatively. Two patients died, at nine and
sixteen months, from causes unrelated to the operation.
Of the remaining thirty-two patients, five had a bilateral
procedure; thus, a total of thirty-seven procedures were
performed. All patients were entered into the study pro-
spectively and were followed yearly both clinically and
radiographically; the mean duration of follow-up was
11.5 years (range, five to eighteen years), with the most
recent evaluation taking place within the three months
before this writing. No patient was lost to follow-up.
There were eighteen male patients (twenty-one hips)
and fourteen female patients (sixteen hips); the mean
age at the time of the operation was thirty-two years
(range, sixteen to forty-four years).

The indications for the osteotomy included strict
clinical as well as radiographic criteria. All patients were
less than forty-five years old; had severe pain in the
groin on weight-bearing, with a variable degree of pain
at rest; and had a range of motion of at least 90 degrees
of flexion, with no hip-flexion contracture of more than
15 degrees, and at least 20 degrees of abduction as as-
sessed with the patient under general anesthesia at the
time of the operation. In addition, psychosocial factors
were critical. The procedure was not performed in pa-
tients who were thought to be incapable of participating
in the rehabilitation program or of accepting the pro-
longed period of disability postoperatively.

The preoperative radiographs were evaluated care-
fully to determine whether the criteria for the operation
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were met. These included a concentric femoral head
with no worse than stage-11 or I1I osteonecrosis™; an arc
of at least 20 degrees, on the lateral aspect of the femo-
ral head, that was free of any underlying necrotic bone®;
and a normal joint space with no acetabular involve-
ment. Six hips were classified as stage 11 preoperatively
and thirty-one, as stage I11.

The underlying causes predisposing to the develop-
ment of osteonecrosis included the use of corticoste-
roids for the treatment of other conditions in sixteen
patients (50 per cent) with seventeen involved hips. Of
these sixteen patients, seven (eight hips) had systemic
lupus erythematosus, five had inflammatory bowel dis-
ease, and four had another illness (asthma, optic neuri-
tis, Hodgkin disease, and glomerulonephritis). All of
these patients had been maintained on the equivalent
of more than twenty milligrams of prednisone per kilo-
gram of body weight a day for a minimum of three
months both before and after the osteotomy. An addi-
tional seven patients (22 per cent) had a history of an
alcohol intake of more than 400 milliliters a week. No
associated risk factors were found for the remaining
nine patients (28 per cent).

The diagnosis of osteonecrosis was made on the
basis of the clinical history and the appearance on an-
teroposterior, frog-leg lateral, and lateral radiographs.
A biopsy of a specimen obtained from a previous core
decompression had provided histological proof of os-
teonecrosis in six hips with stage-II disease and nine
hips with stage-111 disease”. The time from the core de-
compression to the osteotomy ranged from six months
to five years (mean, twenty-three months). The other
twenty-two hips with stage-III disease had not had a
previous biopsy (or any other operative intervention)
but had pathognomonic radiographic changes, includ-
ing an anterolateral sequestrum and a crescent sign, with
a variable degree of collapse of the femoral head. No
patient had radiographic evidence of acetabular in-
volvement, such as cysts or marginal osteophytes, and
all had evidence of at least two millimeters of circum-
ferentially intact joint space on the anteroposterior
and lateral radiographs. The stages of the lesions in the
thirty-seven hips in this study correspond to stages II,
IT1, and IV of the rating scale of Steinberg et al.* and
to stages II-A, 11-B, I1-C, I1I-A, 11I-B, and 111-C of the
classification of the Association Research Circulation
Osseous'.

Operative Planning and Technique

All patients had a corrective osteotomy that was
performed by the two senior ones of us (D. S. H. and
K. A. K.) with use of either a fixed-angle AO blade-
plate (twenty-nine hips) or a sliding compression screw
with a side-plate (eight hips) for fixation. Through a
lateral approach to the proximal part of the femur, the
fascia lata and vastus lateralis muscle were split close to
the intermuscular septum. In the twenty procedures in
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which a flexion component was added to the osteotomy,
an anterior capsulotomy was performed to allow exten-
sion of the hip. The hip joint was not exposed in the
remaining seventeen procedures. No patient had ad-
vancement of the greater trochanter. The operations
were done with the patient supine and with the extrem-
ity draped free on a radiolucent table. Intraoperative
radiographs were used to confirm the seating of the
chisel and the final reduction of the osteotomy; fluoros-
copy was not employed.

The osteotomy was done with a combination of
power saws and hand-held osteotomes, starting at the
lateral cortex adjacent to the proximal border of the
lesser trochanter and using the insertion of the con-
joined tendon as a landmark. The purpose of the oste-
otomy was to remove the osteonecrotic area of the
femoral head from the zone of maximum pressure
against the acetabulum during weight-bearing and to
replace it with unaffected, radiographically sound bone
in the posterolateral part of the femoral head. The fem-
oral head was moved into abduction and the femoral
shaft was brought into adduction and flexion, thus
bringing the necrotic area anteriorly, inferiorly, and
medially. The amount of varus correction that was de-
sired was determined on the preoperative anteropos-
terior radiographs and ranged from 20 to 42 degrees
(mean, 28 degrees). It was decided to add a flexion com-
ponent (mean, 21 degrees; range, 12 to 31 degrees) to
the osteotomy in twenty hips and to add an extension
component (mean, 18 degrees; range, 12 to 24 degrees)
in six hips on the basis of the preoperative anteropos-
terior and lateral radiographs. The purpose of adding
either an extension or a flexion component was to move
the necrotic segment from the anterior (or posterior)
margin of the acetabulum.

Postoperatively, the patients were allowed to walk
with two crutches, using toe-touch weight-bearing (a
maximum of ten kilograms) for two months. They then
used one crutch until union of the osteotomy was visible
radiographically, usually four to six months after the
operation.

Clinical Evaluation

The most recent follow-up evaluation was done ei-
ther clinically (twenty-eight patients) or by telephone
with both the patient and his or her current orthopaedic
surgeon (four patients). All hips were evaluated pre-
operatively and at the time of the latest follow-up with
the Harris hip-scoring system'. According to this sys-
tem, 90 to 100 points indicates an excellent result; 80
to 89 points, a good result; 70 to 79 points, a fair re-
sult; and less than 70 points, a poor result. For the pur-
pose of evaluating the over-all result, all patients who
had a Harris hip score of less than 80 points or in
whom a subsequent hip replacement had been neces-
sary were considered to have had a failure. Clinical suc-
cess was defined as a Harris hip score of 80 points or
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more, no need for walking aids, and a range of flexion
of 70 degrees.

Radiographic Evaluation

The prospective evaluation of all preoperative ra-
diographs included staging according to the system of
Ficat and Arlet™ as well as measurement of the necrotic
angle as described by Kerboul et al.”. With the latter
method, outlines of the osteonecrotic lesion are made
on the anteroposterior and lateral radiographs and the
arc of the surface involved by the necrosis is measured
with a goniometer on each radiograph. These two angles
are then added together to derive the combined necrotic
angle.

The most recent radiographic evaluation was per-
formed by two of us (M. A.M.and A.C.F)) and included
staging with the system of Ficat and Arlet”, measure-
ments of the combined necrotic angle®, and charac-
terization of any evidence of progression of collapse of
the femoral head. The degree of collapse or restora-
tion of the height of the femoral head as well as any
evidence of narrowing of the joint space were measured
on the most recent anteroposterior radiographs and
were compared with the measurements on the pre-
operative radiographs.

Results

Twenty-eight (76 per cent) of the thirty-seven hips
had a good or excellent result, with an improvement in
the Harris hip score from a mean of 38 points (range, 10
to 52 points) preoperatively to a mean of 89 points
(range, 80 to 100 points) at the time of the latest follow-
up. Twenty hips (54 per cent) in eighteen patients were
rated as excellent. All of these patients participated in
high-stress sports, including tennis and jogging, with
minimum problems with the hip. Of the twenty hips in
the sixteen patients who had not received corticoste-
roids, seventeen (85 per cent) had a hip score of 80
points or more (range, 80 to 100 points) at the time of
the latest follow-up. Of the seventeen hips in the sixteen
patients who had received corticosteroids, eleven had a
hip score of more than 80 points (range, 84 to 98 points).
Thirteen of the fifteen hips that had had a previous core
decompression had a satisfactory result (Figs. 1-A, 1-B,
and 1-C).

Nine hips (24 per cent) had a failure and a total hip
replacement was performed. Four of these hips had had
a satisfactory result for five years or more (mean, six
years; range, five to 7.5 years) before failing.

Radiographic Results

Twenty-seven (87 per cent) of the thirty-one hips
that had had a combined necrotic angle of less than 200
degrees met the criteria for clinical success. Conversely,
five of the six hips that had had a combined necrotic
angle of more than 200 degrees had a failure. Five of the
six hips that had been Ficat and Arlet” stage II preop-
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FIiG. 1-A

FiG. 1-B

FiG. 1-C

Figs. 1-A, 1-B, and 1-C: Anteroposterior radiographs of the right hip of a thirty-year-old woman who had stage-111 osteonecrosis of the

femoral head'3.

Fig. 1-A: Before the osteotomy, there is minimum evidence of collapse of the femoral head.
Fig. 1-B: Two months after the corrective osteotomy with insertion of a blade-plate.
Fig. 1-C: Eleven years postoperatively, despite some evidence of additional collapse, the patient had done well, with a Harris hip score of 92

points.

eratively and twenty-three (74 per cent) of the thirty-
one that had been stage I1I met the criteria for clinical
success. All of the hips that had been stage II had had a
necrotic angle of less than 200 degrees.

Six of the nine failed hips that were treated with a
total hip replacement had had progression to stage-1V
disease”, with extensive collapse of the femoral head,
narrowing of the joint space, and acetabular changes
(cysts or osteophytes, or both). In the remaining three
hips, the femoral head had remained unchanged, with
no progression of collapse or narrowing of the joint
space. No reason was evident for the persistent, severe
pain that necessitated total joint replacement. Eighteen
of the twenty-eight hips that had a good or excellent
Harris hip score at the time of the latest follow-up had
no evidence of progression of collapse of the femoral
head or narrowing of the joint space. Eight hips had
between one and three millimeters of collapse of the
femoral head but nevertheless had a satisfactory clinical
rating. Six of these hips had between one and three
millimeters of narrowing of the joint space.

Complications

There were five complications directly related to the
operation. Osteomyelitis developed in one male patient,
who had Hodgkin disease and was receiving high doses
of steroids and other antimetabolites, and this led to a
poor result. (He had been operated on before the intro-
duction of prophylactic antibiotics.) In another patient,
the compression screw cut out, necessitating replace-
ment with a blade-plate device. This patient did not bear
weight for six months and, at the time of the latest
follow-up, had a good result. The remaining three pa-
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tients had a non-union of the osteotomy site. One had
healing after the blade-plate was replaced with a com-
pression screw, and the other two were managed with
autologous bone graft, with subsequent union. All five
patients had an excellent result at the time of the latest
follow-up. There were no medical complications.

Discussion

The importance of delaying total joint replacement
in young, often bilaterally affected patients who have
osteonecrosis must not be underestimated. Total joint
arthroplasty done for osteonecrosis of the femoral head
has been reported to be less successful than total hip
replacement in other patients”. Even with the improve-
ments in total hip replacement, it is very desirable to
delay or avoid the need for such a procedure in these
patients, as many will live for more than fifty years after
the operation.

The use of osteotomy for the treatment of os-
teonecrosis has not gained widespread acceptance,
probably because disparate outcomes have been re-
ported#=1aaaes It i difficult to compare results as
studies have included patients with varied etiological
factors, radiographic stages of the disease, indications,
types of osteotomy that are indicated, and other tech-
nical factors. To confound evaluation of the results fur-
ther, radiographic osteonecrosis has not been found to
be directly related to the function of the hip®.

The first major rotational osteotomies were per-
formed by Wagner and Zeiler” in the 1960’s. They used
a double osteotomy with a maximum of 180 degrees of
rotation of the necrotic segment. However, the results
were no better than those of a more modest angular
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displacement. Of seventy-one patients who had eighty-
three rotational osteotomies over a period of ten years,
those who had a small combined necrotic angle had
the best results. Unsatisfactory results were attributed
to an excessively large necrotic area and advanced
preoperative osteoarthrotic changes®. Sugioka et al.*
reported that 236 (86 per cent) of 274 hips had a suc-
cessful result at a mean of eleven years after a rota-
tional osteotomy. Other Japanese surgeons have also
reported some success with this technically demanding
procedure. Masuda et al.* reported satisfactory re-
sults in thirty-six (69 per cent) of fifty-two hips that had
been followed for a mean of five years (range, one to
ten years). Sugano et al* reported a similar rate of
success at six years in twenty-three (56 per cent) of
forty-one hips. However, these rates of success have
not been duplicated in the United States™'™; in one
study, there were fifteen failures in eighteen hips at a
mean of five years’.

In Europe, various, less dramatic types of osteoto-
mies have been done, also with a variable rate of success.
In 1965, Merle d’ Aubigné et al.” reported good or excel-
Ient results, in terms of relief of pain, in fifty-nine (79
per cent) of seventy-five hips with stage-II or III dis-
ease® that had been treated with a varus or varus rota-
tional osteotomy; the duration of follow-up ranged from
one to six years. In a subsequent report of an overlapping
group of patients from the same institution®, twenty-
eight (60 per cent) of forty-seven hips were described
as remaining painless after five years. Maistrelli et al.”
reported a successful clinical result in seventy-five (71
per cent) of 106 hips in ninety-eight patients at two
years postoperatively. At a mean of eight years (range,
four to fifteen years), sixty-one (58 per cent) of the 106
hips had a good or excellent result and only twenty-
four (23 per cent) needed a total hip replacement or an
arthrodesis. From our institution, Jacobs et al."” reported
the results of intertrochanteric osteotomy of the hip in
sixteen patients (twenty-two hips) who had stage-IT or
1II disease. At a mean of slightly more than five years,
sixteen hips (73 per cent) had a good or excellent result.

In all of the reports just cited, it was stressed that
the size of the lesion is a critical factor in the rate of
success of osteotomy. Kerboul et al.® emphasized the
importance of preoperative identification of hips in
which it is possible to move the necrotic area away
from the point of maximum pressure with the acetabu-
lum. Of the twenty-six hips in which this could not be
done, only seven (27 per cent) had a satisfactory clini-
cal result. In three other studies, it was independently
observed that the results of intertrochanteric osteotomy
were related to the size of the lesion'®#. This finding
is in concordance with the results of the present study,
in which five of six hips with the largest lesions (a com-
bined necrotic angle of more than 200 degrees) failed,
while twenty-seven (87 per cent) of thirty-one with
smaller lesions had a successful result. In the current
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report, as in all previous reports on osteotomy, size was
based only on the interpretation of plain radiographs,
which has its limitations with regard to delineating the
true extent of the osteonecrotic lesion. In the future,
the use of magnetic resonance imaging or computerized
tomography scans will undoubtedly allow a more accu-
rate evaluation of the size and location of the lesion.

In a recent prospective study of a carefully defined
population of young patients who were not receiving
corticosteroids, Scher and Jakim* found that a valgus-
extension osteotomy, combined with curettage and
bone-grafting of the osteonecrotic segment, led to a
good or excellent clinical result in thirty-six (80 per
cent) of forty-five hips at a mean of sixty-five months
(range, thirty-six to 126 months) postoperatively. They
also found that a more favorable prognosis was associ-
ated with a smaller combined necrotic angle. However,
they expressed reservations concerning this method of
estimation of size from plain radiographs because of
observer variations, difficulty in defining the boundaries
of the lesion, and variations in projection.

In the current study, there was a lower rate of
success in the group that was receiving corticosteroids
(eleven of the seventeen hips had a hip score of more
than 80 points). As a confounding variable, the osteo-
necrotic lesions in this group were larger; four hips had
a combined necrotic angle of more than 200 degrees,
compared with two such hips in the group that was not
receiving corticosteroids.

Because of the radiographic progression that we ob-
served in eight hips despite an early clinical success, we
expect that some of these hips will deteriorate with
longer follow-up. Nevertheless, the fact that the symp-
toms did not increase or an arthroplasty was not needed
until a mean of eleven years after the operation in this
group of patients suggests that the natural progression
of the disease process has been delayed.

One concern about osteotomy as an interim pro-
cedure has been that it might be difficult to convert to
a hip arthroplasty should one become necessary. In a
study of 105 arthroplasties in ninety-three patients, the
final outcome was not affected by such previous opera-
tions, although the rate of intraoperative complications
was 17 per cent (eighteen of 105). The problems in-
cluded difficulty in removing the screws or plate, ream-
ing the femur, or broaching the femoral shaft; broken
screws; and fracture of the shaft, calcar, and greater
trochanter. These technical difficulties appear to be
manageable, but they need to be recognized by the
surgeon.

Another option for patients who have osteonecrosis
of the femoral head is vascularized fibular grafting, as
recently described by Urbaniak et al.* for 103 consecu-
tive symptomatic hips with stage-I1I or III disease®.
However, this treatment necessitates much technical ex-
pertise as well as a long operative time (three hours and
thirty minutes for the surgeons who performed the most
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procedures*). The rate of morbidity is probably similar
to or greater than that associated with osteotomy, with
vascular fibular grafting requiring sacrifice of part of
the fibula and restriction of weight-bearing for a pro-
longed (six-month) period. We believe that a rational
approach would be to perform an osteotomy or a non-
vascularized bone-grafting procedure in patients who
have a small lesion (a combined necrotic angle of less
than 200 degrees) and to reserve the use of vascularized
fibular grafting for patients who have a larger lesion.
On the basis of the results of this long-term follow-
up study, corrective intertrochanteric osteotomy ap-
pears to be a successful treatment for selected patients
who have stage-II or III osteonecrosis of the femoral
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head®. There was long-term preservation of the femoral
head in twenty-eight (76 per cent) of the thirty-seven
hips. We are specifically encouraged by the rate of suc-
cess in patients who were not taking corticosteroids.
Our criteria for the selection of patients include: (1) an
age of less than forty-five years and a painful hip; (2)
an early post-collapse (stage-111) or late pre-collapse
(stage-II) hip, with no narrowing of the joint space or
acetabular involvement; (3) a 20-degree arc of the lat-
eral aspect of the femoral head that is free of necrosis
(otherwise, a valgus osteotomy may be considered); (4)
a small-to-medium lesion (less than 200 degrees of in-
volvement of the head); and (5) no continued use of
high doses of corticosteroids.
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