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Investigation performed at the Department
of Orthopaedic Pathology, The Hospital for
Special Surgery, New York, NY.

Abstract This case report docu-
ments the clinical, radiographic, and
histologic findings in a 69-year-old
obese man, who had subchondral in-
sufficiency fracture both in the fem-
oral head and medial femoral con-
dyle. On plain radiographs, both le-
sions underwent subchondral col-
lapse. Magnetic resonance images of
the left hip showed a bone marrow
edema pattern with associated low-
intensity band on T1-weighted imag-
es, which was convex to the articular
surface. The histopathologic findings
in the hip and knee were character-
ized by the presence of a subchon-

dral fracture with associated callus
and granulation tissue along both
sides of a fracture line. There was no
evidence of antecedent osteonecro-
sis. To our knowledge, this is the
first case report to describe the mul-
tiple occurrence of collapsed sub-
chondral insufficiency fracture.
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Subchondral insufficiency fracture of the
femoral head and medial femoral condyle

Introduction

Subchondral insufficiency fracture
has recently been described in both
the femoral head and femoral con-
dyle; mainly the patients have been
osteoporotic and elderly or renal
transplant recipients [1–7]. The
mechanism of this fracture is consid-
ered to be insufficiency fracture,
most often as a result of osteoporo-
sis. The majority of the reported
cases have resolved after conserva-
tive therapy without progressing to
collapse [1–3]. However, recent re-
ports have described patients who
developed subchondral collapse and
were treated surgically [4–7].

In this paper, we report on a 69-
year-old man with subchondral in-

sufficiency fracture in both the fem-
oral head and subsequently, after a 2-
year interval, in the medial femoral
condyle. Both of these lesions under-
went subchondral collapse and were
treated surgically.

Case report

A 69-year-old man presented at our
hospital with a 6-month history of
left hip pain, which had been of sud-
den onset and was gradually getting
worse. The pain was present at rest
and kept him awake at night. He
needed a cane to ambulate and could
barely walk one city block. No histo-
ry of corticosteroid intake, alcohol
abuse, or antecedent trauma was

elicited. The range of motion in the
left hip at the time of admission was
100° of flexion, 40° abduction,
0° adduction, 20° external rotation,
and 20° internal rotation. His height
was 178 cm and body weight 115 kg.
Body mass index (BMI), at 36.2, in-
dicated obesity. (In the male, ideal
BMI is around 23.3 and obese is
over 28 [8].)

Radiographs of the left hip ob-
tained 6 months after the onset of
pain demonstrated a subchondral
collapse of the femoral head. Around
the fracture line, there were areas of
decreased bone density (Fig. 1A).
Joint space was preserved and scle-
rotic rim formation was not obvious.
Magnetic resonance (MR) images
obtained 1 month after the onset of
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Fig. 1 A On the anteroposterior radiograph of the left hip, 6 months after the onset of pain, a sub-
chondral fracture is observed at the superior portion of the femoral head. Around the fracture line,
there are areas of decreased bone density. Joint space is preserved; a sclerotic rim formation is not
obvious. B,C MR images obtained 1 month after the onset of pain show a bone marrow edema
pattern with a diffuse low-intensity signal on T1-weighted (TR/TE: 600/25) images (B) and high-
intensity signal on T2-weighted (TR/TE: 2000/90) images (C), extending from the femoral head
to the intertrochanteric area. On T1-weighted images, a low-intensity band, convex to the articular
surface, is observed, paralleling the subchondral bone endplate (arrows). This low-intensity band
represented histopathologically the fracture line and associated repair tissue. D On a mid-coronal
section, a notched linear-shaped zone of whitish gray tissue is observed at the superior surface of
the femoral head. Note, there is no opaque yellow wedge-shaped osteonecrosis. E On the speci-
men radiograph, a subchondral fracture paralleling the articular surface is observed. Around the
fracture line, there is a patchy osteosclerotic linear zone (arrows), which was microscopically con-
firmed as microcallus (F,G). This fracture line with associated repair tissue corresponds to the
low-intensity band on T1-weighted images. Below the sclerotic zone, osteolytic areas are seen,
where interruption of the trabecular pattern is noted. These lytic areas correspond to the whitish
gray zone on the gross section in D. F Photomicrograph from the whitish gray area in D and from
the area marked by arrows in E shows fracture callus (*), reactive cartilage, and granulation tis-
sue. The surrounding bone tissue is focally resorbed by active osteoclasts and replaced by vascular
granulation tissue (arrows), which corresponds to a lytic area on the radiograph. (hematoxylin and
eosin, ×40). G Higher magnified view from the area (*) in F reveals fractured bone trabecula with
associated fracture callus (arrows) and granulation tissue (hematoxylin and eosin, ×100)

pain showed a pattern of bone mar-
row edema with a diffuse low-inten-
sity signal on T1- and high-intensity
signal on T2-weighted images, ex-
tending from the femoral head to the
intertrochanteric area (Fig. 1B,C).
On some slices of T1-weighted im-
ages, a low intensity band, convex to
the articular surface, was observed,
paralleling the subchondral bone
endplate. Bone scintigraphy was not
performed. The patient underwent
left total hip replacement.

The resected femoral head
showed a flattened anterosuperior
surface with a 5.5×4-cm flap of ar-
ticular cartilage and attached sub-
chondral bone. On a mid-coronal cut
section, a notched linear-shaped
zone of whitish gray tissue was ob-
served under the cartilage flap paral-
leling the subchondral bone endplate
(Fig. 1D). The specimen radiograph

demonstrated a lytic zone paralleling
the articular surface, and on the su-
perficial aspect there was patchy os-
teosclerosis, which was microscopi-
cally confirmed as microcallus (Fig.
1E). Histologically the whitish gray
regions consisted of fracture callus,
including reactive cartilage, and
granulation tissue (Fig. 1F,G). (The

fracture line with associated repair
tissue corresponded to the low-inten-
sity band on T1-weighted MR imag-
es.) In the surrounding tissue there
was focal bone resorption by active
osteoclasts and replacement by vas-
cular granulation tissue. This resorp-
tive activity corresponded to the lytic
region on the clinical and specimen
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motion was 0° to 140° of flexion.
There was an effusion in the left
knee joint and tenderness along the
medial femoral condyle. Neither lig-
amentous instability nor localizing
meniscal signs were noted.

The first radiographic examina-
tion was obtained 6 months after the
onset of pain, which revealed a sub-
chondral collapse in the medial fem-
oral condyle, around which an osteo-

lytic area was observed (Fig. 2A).
Neither MRI nor scintigraphy was
performed. The patient underwent
arthroscopy and debridement. Intra-
operative observation revealed a
chondral flap, which included under-
lying subchondral tissue in the
weight-bearing portion of the medial
femoral condyle. This lesion was ex-
cised and submitted to pathology.

Microscopic examination of a
section through the cartilage and thin
layer of attached bone revealed a
small area of necrosis between the
fracture line and the articular sur-
face, with fracture callus along the
fracture line (Fig. 2B). No evidence
of a well-demarcated wedge-shaped
area of classic osteonecrosis was
noted either grossly or microscopi-
cally. We therefore considered this
necrotic region as a secondary phe-
nomenon resulting from subchondral
fracture, which was the initiating
event [6, 9, 10].

Discussion

Since a subchondral collapse is com-
monly observed in symptomatic
cases of osteonecrosis [11, 12] and a
pattern of bone marrow edema is
seen on MR in both osteonecrosis
and transient osteoporosis of the hip
[13–16], we believe it is important to
discuss the differential diagnosis of
subchondral insufficiency fracture
from both of these conditions.

Based upon the previous reports
and the case reported here, the clini-
cal characteristics of subchondral in-
sufficiency fracture may be consid-
ered as follows [1–7]. The patients
are mostly elderly, and tend to be os-
teopenic and/or overweight. Shortly
after the onset of pain, radiographic
changes are unremarkable; the lack
of change on the plain radiograph
seems inappropriate to the reported
severity of pain. MR imaging has
been reported to show a pattern of
bone marrow edema, which in most
of the cases is associated with a focal
low-intensity band on T1-weighted
images. This low-intensity band,

radiographs. There was no evidence
of antecedent osteonecrosis [6].

Two years later, this patient had
sudden onset of left knee pain with-
out recognizable antecedent trauma.
When he was first seen at our institu-
tion 6 months after the onset of
symptoms, the pain had become
worse and stair climbing was espe-
cially difficult. On examination at
the time of admission the range of

Fig. 1 Continued
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which reflects the fracture line and
repair tissue histopathologically, has
been reported to have a serpentine
shape and lies parallel (i.e. convex)
to the articular surface. On the other
hand, in osteonecrosis, the shape of
the low-intensity band is usually
well delineated and concave to the
articular surface [13–15].

The radiologic and histopatholog-
ic appearances of the knee lesion in
this patient would very likely be
considered by many to represent
spontaneous osteonecrosis of the
knee, which was first described by
Ahlbäck et al. in 1968 [17]. In 1978,
one of the authors of this paper,
P.G.B., co-reported the histopatho-
logic appearance of spontaneous os-
teonecrosis of the knee, where we
noted that the necrosis was observed
in only a small area of subchondral
tissue between the fracture line and
subchondral bone endplate [18]. We
also noted that this appearance was
different from most cases of osteone-
crosis seen in the knee in association
with treated rheumatoid arthritis,

which were generally large and
wedge-shaped.

At that time, we did not question
the etiology of this disease. Howev-
er, based upon our experience we
now consider that the osteonecrotic
region observed in spontaneous os-
teonecrosis of the knee is the result
of subchondral insufficiency fracture
of the medial femoral condyle rather
than primary osteonecrosis. We base
this opinion on the following find-
ings. When a bone fractures, there is
more or less tissue necrosis around
the region of the fracture [9, 10].
This fracture-related necrosis should
be differentiated from primary osteo-
necrosis. In the case we are report-
ing, although a small area of necrosis
was recognized, it was seen only be-
tween the fracture line and articular
surface. In addition, this necrotic fo-
cus was associated with extensive
fracture callus formation and granu-
lation tissue around the fracture line.
Such reactive tissue is not seen in
primary osteonecrosis [6, 9–12].

Based on the MR finding in the
hip of a diffuse bone marrow edema
pattern extending to the femoral
neck or intertrochanteric region, the
differentiation from transient osteo-
porosis of the hip is also important

[16]. In transient osteoporosis of the
hip, there is radiographic evidence of
ill-defined focal bone loss as report-
ed by Curtiss and Kincaid [19], and
no subchondral collapse has been re-
ported [20]. In addition, whereas
transient osteoporosis of the hip is
usually seen in pregnant women and
middle aged men [19, 20], the age of
patients with subchondral insuffi-
ciency fracture are considerably
higher than the typical age group in
transient osteoporosis as well as that
of osteonecrosis.

Since the concept of subchondral
insufficiency fracture is a recent one,
the treatment options have not been
established. The majority of patients
with subchondral insufficiency frac-
ture show no obvious change initial-
ly on radiographs in spite of the se-
vere pain [1–7]. In general, the prog-
nosis of the fracture may depend on
a number of variables including the
degree of osteopenia, activity,
weight, the extent of fracture, and
importantly the initial treatment. In
this initial phase, aggressive conser-
vative treatment of these fracture
cases may lead to the remission of
symptoms without surgery. The his-
topathologic evidence of callus for-
mation and granulation tissue around

Fig. 2 A On the anteroposterior radiograph
of the left knee, 6 months after the onset of
pain, a subchondral collapse is observed in
the medial femoral condyle, around which
an osteolytic area is noted. B Fractured
bone fragments with associated fracture
callus (arrows) are observed along the frac-
ture line (hematoxylin and eosin, ×200)
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the fractured area in our cases indi-
cate at least the potential capacity for
resolution of fracture. Even in cases
that have undergone collapse requir-
ing surgery, it is important to have
outcome studies so that they can be
compared with those of primary os-
teonecrosis.
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