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25.1 Introduction

The management of osteonecrosis (ON) remains one of the
more perplexing problems facing the orthopedic surgeon.
There is still much to be learned about the etiology, patho-
physiology, and management of this condition. Because
prognosis and treatment are determined in large part by the
stage of the disease, it is important to use a reliable and effi-
cient method of evaluation and staging. The uniform use of
such a system of classification would also enable us to com-
pare the effectiveness of various methods of treatment and
determine the best method of management for different
stages of osteonecrosis.

During the 1970s we began to see a steady increase in the
number of patients with osteonecrosis being treated at our
institution. In attempting to evaluate these patients, we found
that the classification systems in use at that time were help-
ful, but none was ideal [1, 2]. These included the classifica-
tions of Ficat and Arlet [3, 4]; the system of Marcus,
Enneking, and Massam [5]; the use of angular measurements
described by Kerboul [6]; and the radiographic staging of
Sugioka [7]. We therefore felt that it would be valuable to
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formulate a new, comprehensive, and quantifiable system of

classification and staging. Initially we set down the parame-

ters to be included in an ideal system:

* It should correspond closely to the pathologic and radio-
graphic changes that occur in osteonecrosis.

e It should clearly and distinctly characterize each separate
stage.

» In addition to the stage, it must allow us to measure and
indicate both the size of the necrotic lesion and the extent
of joint involvement.

» It should be objective, simple to use, and reproducible.

e It should allow us to trace progression or resolution from
the earliest to the latest stages.

* Symptoms and physical findings, although important in
management, should not be part of the classification itself.

¢ Qlder, invasive techniques should be eliminated and newer
diagnostic modalities such as MRI must be included.

e The system should allow for the future development of
even more sensitive methods of diagnosis and evaluation.

e Its effectiveness should be established in actual clinical
use and its advantages over other systems should be
documented.

In 1979, in conjunction with our colleagues in the
Department of Radiology, we began to develop a quantitative
method for classification and staging which would include the
parameters outlined above. Initially, technetium scans and
computerized tomography were used to identify pre-
radiographic lesions. By 1982 we had begun to use nuclear
magnetic resonance (NMR) — later designated as magnetic
resonance imaging (MRI) [8-10]. We examined 55 hips with
biopsy-proven ON which were studied by radiographs, techne-
tium scans, CT, and MRI. We found MRI to be the single most
effective method for early diagnosis of this condition with a
high degree of sensitivity and specificity. It was found to be
significantly more accurate in diagnosis of pre-radiographic
lesions than either technetium scans or CT. On the basis of
these studies, MRI became an integral part of our staging sys-
tem, and CT and technetium scans were rarely used [11, 12].
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The classification that was developed was presented in
1982 at the Third International Symposium on Circulation in
Bone in Toulouse, France, and published in 1984 [13].
Initially the type of pathologic change identified on imaging
studies is used to place the hip in one of seven stages. Once
the stage has been determined, the size of the necrotic seg-
ment and the extent of involvement of the femoral head and
acetabulum are indicated as mild (A), moderate (B), or
severe (C). For routine clinical use a simple estimate of the
extent of involvement is sufficient, whereas for research
projects and publications, it can be measured [11, 14]
(Table 25.1).

25.1.1 Determining Stage

» Stage 0. Stage 0 indicates that a hip is suspected of having
ON although radiographs and MR are normal or nondiag-
nostic, such as a painful hip in a patient with proven ON
in the opposite hip. Stage 0 would include hips evaluated
too soon after a precipitating event for changes to appear
or hips with too small an area of involvement to be detected
with current modalities. The diagnosis might be made
some time after the original evaluation when the lesion
appears on imaging studies. A definitive diagnosis in
stage 0 will also most likely be possible in the future with
further refinements in our diagnostic techniques. Thus,

Table 25.1 University of pennsylvania classification of osteonecrosis

Stage Criteria
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inclusion of stage O will extend the useful life of this
classification.

Stage I. Plain radiographs are normal, but MRI and/or
technetium scans indicate the presence of ON.

Stage II. Radiographs now show definitive abnormalities
consistent with ON. These consist of radiolucent and/or
sclerotic regions, at times demarcated from normal bone
by a sclerotic border. Rarely, the earliest radiographic
findings will include generalized osteopenia of the femo-
ral head.

Stage III. Stage III is diagnosed by the appearance of a
radiolucent crescent line just beneath the subchondral
end plate, but without flattening of the femoral head. This
indicates collapse of the cancellous trabeculae beneath
an intact articular surface. A crescent sign does not
always appear as the head progresses from earlier to later
stages and may be seen in only one radiographic projec-
tion. A relatively small percentage of hips will fit the cri-
teria for stage III. However, we feel that they should be
assigned a separate stage rather than being grouped
together with hips which show gross flattening of the
articular surface because clinical experience documents a
better outcome for hips in stage III than for hips in stage
IV, where flattening is already present [1, 15-18]. The
hip is still spherical at this stage and it is theoretically
possible to preserve its normal anatomy by bone grafting
or other procedures.

0 Normal or nondiagnostic radiograph, bone scan, and MRI
1 Normal radiograph; abnormal bone scan and/or MRI
A — Mild (<15 % of head affected)
B — Moderate (15-30 %)
C — Severe (>30 %)
1I Lucent and sclerotic changes in femoral head
A -Mild (<15 %)
B — Moderate (15-30 %)
C — Severe (>30 %)

I

Subchondral collapse (crescent sign) without flattening

A —Mild (<15 % of articular surface)
B — Moderate (15-30 %)
C — Severe (>30 %)

v Flattening of femoral head
A —Mild (<15 % of surface and <2 mm depression)
B — Moderate (15-30 % of surface or 2—4 mm depression)
C — Severe (>30 % of surface or >4 mm depression)

\' Joint narrowing and/or acetabular changes
A —Mild Average of femoral head involvement, as determined in stage IV, and
B — Moderate estimated acetabular involvement
C — Severe

VI Advanced degenerative changes
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o Stage IV. There is now definite flattening of the femoral
head which appears in either the AP, lateral, or both views.
Occasionally small areas of collapse cannot be seen on
plain radiographs but can be detected with CT. The ace-
tabulum appears radiographically normal at this stage.
However, early changes in the acetabular cartilage have
been identified in the majority of stage IV hip patients
whose pain and disability were sufficient for them to
require arthroplasty. Stage IV has serious implications,
because irreversible changes have taken place and a “nor-
mal” femoral head cannot be anticipated despite appropri-
ate treatment.

e Stage V. In addition to flattening of the femoral head,
there is now clear radiographic evidence of joint line nar-
rowing and later sclerosis and cystic changes in the ace-
tabulum. Progressive degenerative changes follow.

» Stage VI. Degenerative changes in both the femoral head
and acetabulum have progressed to the point where the
joint line is virtually obliterated and marked deformity
appears. Other staging systems have grouped stages V
and VI together; however, a small but definite number of
hips develop changes so advanced that they can be distin-
guished from stage V. We thus feel that they deserve a
separate designation and this allows us to follow progres-
sion more accurately.

25.1.2 Determining Extent of Involvement

After the type of radiographic and pathologic changes has
determined the stage, the extent of involvement is next esti-
mated or measured. For clinical purposes it is adequate to
make a simple estimate and to describe this as mild (A),
moderate (B), or severe (C). However, for research purposes
it is preferable to make actual measurements as described
below. No attempt is made to quantify the extent of involve-
ment in stages 0 or VL.

In stages I and II the three-dimensional size or volume of
the necrotic lesion is determined and expressed as a percent-
age of the entire head. In stage I this is estimated or calcu-
lated from serial MRI sections. In stage II, the MRI can be
used in a similar fashion if it is available. However, in many
cases where the lesion is clearly seen on radiographs, MRI
will not be available and several methods can be used to
determine the lesion size from plain radiographs. The most
accurate involve the use of computerized image analysis.
However, a reasonable estimate of lesion size has been made
by some investigators using different types of angular mea-
surements or by a simple visual estimate [1, 2, 6, 19-23].

In stage II1 it is first determined whether the crescent sign
is more prominent in the AP or the lateral view. This view is
then used to measure the length of the crescent and to express
it as a percent of the length of the entire articular surface of
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the femoral head. This can be done with modern imaging
techniques. If not available, one can use a map reading pla-
nimeter, a specially designed grid, or simple angular
measurements.

In stage IV, as in stage III, measurements are made on
either the AP or the lateral film, whichever shows the greatest
amount of collapse. The normal contour of the femoral head
before collapse is reconstituted, and then the length of the
collapsed segment is measured and expressed as a percent-
age of the entire articular surface. The maximum depression
of the collapsed segment is also measured and expressed in
millimeters. This can be done as described for stage II1.

In stage V the length of the collapsed segment and the
amount of collapse of the femoral head are determined as
described above. The degree of acetabular involvement is
then estimated. The average of the femoral head and acetabu-
lar involvement determines the overall grade.

More detailed information about the University of
Pennsylvania Classification can be found in our earlier pub-
lications [13, 14, 21]. These include a specific description of
the methods originally used to measure lesion size and the
extent of joint involvement. However, a number of techno-
logical advances using image analysis software have been
made since that time, making it simpler and more accurate to
obtain these measurements [22, 24].

25.2 Evaluation and Comparison with
Other Classifications

The two most important features of the University of
Pennsylvania Classification are the incorporation of MRI
and specific measurements of lesion size as integral parts of
the system. Both of these are now recognized as essential for
inclusion in any effective classification. MRI is the single
best modality for the early diagnosis of ON, before changes
appear on radiographs. Its sensitivity and specificity have
been confirmed [1, 10-12, 22-25]. Its use has made invasive
mechanism for diagnosis, scintigraphy, and CT no longer
necessary.

It is well established that the prognosis and hence the
treatment of hips with ON is directly related to the size of the
necrotic region even within the same stage [1, 15, 17-20, 22,
23, 26]. It is therefore essential to include an accurate mea-
surement of lesion size as an integral part of the classifica-
tion. This allows us to establish a prognosis, follow
progression or resolution, compare different methods of
treatment, and determine the best management for a patient
with osteonecrosis. These represent significant improve-
ments over older methods of classification which indicated
only the stage and not the extent of involvement (Fig. 25.1).

The importance of lesion size is further supported by the
number of more recent publications which describe
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IV-A

Fig. 25.1 Anteroposterior radiographs of the left hip of a patient with
stage IV osteonecrosis. In 4 months the condition progressed from
stage IV-A to stage IV-B and eventually to stage IV-C. This obvious

alternate methods of measurement [19, 20, 23]. Several of
these use angular measurements made on radiographs or
MRI. Essentially all of these techniques have demonstrated
some degree of correlation between lesion size and out-
come. However, it is virtually impossible to determine
which is more accurate because of the large number of vari-
ables involved, including the different methods of manage-
ment they are used to evaluate. Although these techniques
are useful and relatively simple to use, they cannot provide
an accurate measurement of an irregular three-dimensional
lesion. Neither are they designed to measure the extent of
femoral head flattening or joint involvement. These tech-
niques have been used to supplement an older, non-quanti-
tative classification, such as that of Ficat and Arlet, and
have not been incorporated into a comprehensive classifica-
tion [2, 21].

Concern has been expressed that the University of
Pennsylvania Classification may be too complex for gen-
eral use. This concern has led to support for simpler meth-
ods to measure the size of the necrotic region such as the
angular measurements described. It should be noted that
the use of modern techniques of image analysis have sim-
plified our ability to obtain accurate measurements com-
pared to our original methods. In addition, both we and
other investigators have found that visual estimates of
lesion size made from radiographs or MRI by experienced
examiners are both simple to obtain and reasonably accu-
rate [2, 20, 21, 24].

IV-B

IvV-C

progression could not be indicated by using older non-quantitative
methods of staging

Attempts to simplify this classification have also led some
to combine our stages III and IV and eliminate stage VI.
However, it has been shown that the prognosis and hence the
management is different for hips with subchondral collapse
alone (stage III), from hips with flattening of the articular
surface (stage IV) [1, 15, 16, 18, 26]. Thus, not distinguish-
ing between these stages has inherent disadvantages. This
has also been supported by Arlet and Ficat who expanded
their four-part classification to six parts to include a transi-
tion stage [3, 4, 27].

It has also been suggested that this classification be modi-
fied by adding an additional parameter of evaluation which
combines the location with the size of the necrotic region
[28, 29], as proposed by the Japanese Investigation
Committee [30]. However, it is well established that the
majority of necrotic lesions involve the anterolateral aspect
of the femoral head and attempting to classify them as
medial, central, or lateral does not accurately reflect the
pathophysiology of ON. This modification would make the
classification unnecessarily complex and provide little addi-
tional information [2, 26, 31, 32].

There are several other features of ON which are impor-
tant to consider. For example, clinical evaluation of the
patient with ON is, of course, essential to determine manage-
ment. However, there is often little correlation between the
radiographic stage and a patient’s symptoms or physical
findings, and therefore they are not included in this staging
system. Whether the necrotic region appears primarily
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radiolucent or sclerotic may correlate with outcome. This
should be noted, but likewise this is not part of the classifica-
tion per se. We sought to include the most important factors
but tried to prevent the system from becoming so complex as
to be unwieldy.

The University of Pennsylvania Classification has been in
use essentially unchanged since 1982. It has been used clini-
cally to evaluate numerous patients with ON of the hip or
shoulder, has been described in several publications, and
specifically cited over 253 times. It was endorsed in 1991 by
the ARCO Committee on Terminology and Staging [33],
although it was modified in 1992 [29] and 1993 [34]. In 1992
it was also endorsed by the Committee on the Hip of the
American Academy of Orthopaedic Surgeons. The essential
parts of the system have been validated [14, 22, 24, 26], and
it has proven itself quite useful in the evaluation and manage-
ment of patients with ON. It has allowed us to develop an
effective algorithm for the treatment of patients with
osteonecrosis.

A recent review of articles on the treatment of ON, pub-
lished in the past 25 years, showed that, although non-
quantitative classifications are still frequently used and the
four-part classification of Ficat and Arlet [4] is still the most
often cited, there has been a steady trend towards the use of
more comprehensive, quantitative systems of staging. The
University of Pennsylvania Classification was cited next in
frequency to that of Ficat and Arlet [32, 35].

25.3 Summary and Conclusions

The University of Pennsylvania Classification of osteonecro-
sis was first presented in 1982 at the Third International
Symposium on Circulation in Bone and published in 1984. It
was designed to identify each of the pathophysiologic
changes which take place in joints afflicted by osteonecrosis,
from the earliest to the most advanced. Seven specific stages
were described based upon the type of change present. The
extent of involvement was then identified and indicated by
“A” (mild), “B” (moderate), or “C” (severe). To the best of
our knowledge, this was the first classification to include
both MRI and the extent of involvement as integral parts of a
comprehensive method of evaluation and staging. It has
withstood the test of time, has been validated, and has been
described and cited in many publications. It allows us to
establish a prognosis, follow progression or resolution, com-
pare different methods of treatment, and determine the best
method of management for a patient with osteonecrosis. It
has proven more effective than earlier, non-quantitative
methods of staging and has improved our ability to evaluate
and treat patients with osteonecrosis. It is being used with
increasing frequency by investigators treating and studying
patients with osteonecrosis.
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