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Abstract The purpose of this article
is to describe the association be-
tween spontaneous osteonecrosis and
insufficiency stress fractures of the
knee. To determine whether insuffi-
ciency stress fracture is associated
with spontaneous osteonecrosis of
the knee, we retrospectively re-
viewed the medical charts and imag-
ing studies of all patients with spon-
taneous osteonecrosis of the knee,
studied by MR imaging, seen in a
tertiary hospital over an 8-year peri-
od. Four women (age range

66—84 years) presented spontaneous
osteonecrosis of the knee associated
with insufficiency stress fracture of
the medial tibial plateau. One of
these patients also presented a con-
comitant insufficiency stress fracture

of the medial femoral condyle.
Radiographs were diagnostic of
spontaneous osteonecrosis of the me-
dial femoral condyle in three cases,
and insufficiency stress fracture of
the medial tibial plateau was detect-
ed in one case. Magnetic resonance
imaging allows the diagnosis of both
conditions in all four cases. Sponta-
neous osteonecrosis of the knee may
be associated with insufficiency
stress fracture of the medial femoral
condyle and the medial tibial pla-
teau. This association provides addi-
tional arguments in favor of the trau-
matic etiology of spontaneous osteo-
necrosis of knee.
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Introduction

Spontaneous osteonecrosis of the knee (SONK) is a
well-described cause of acute knee pain. It occurs in old-
er individuals, usually after the sixth decade of life
[1, 2]. Women are affected three times more frequently
than men [2, 3]. Pain is usually characterized by sudden
onset (frequently the patient can remember the exact mo-
ment or the activity during which the symptom started)
[1] and is initially severe, causing significant functional
impairment; pain is frequently present at rest. There
is typically no history of an acute injury. The condition is
usually unilateral with lesions generally restricted to one
femoral condyle or tibial plateau [1]. The medial side of
the joint is the side most commonly involved, and le-
sions occur more often in the femoral condyle than in the
tibial plateau [1, 2]. The precise pathogenesis of SONK

remains unclear, and whether the disease process devel-
ops from minor unrecognized traumatic insults with
associated microfractures or from primary vascular in-
sufficiency remains a subject of debate [3].

We report four cases with SONK associated with in-
sufficiency stress fracture of the medial tibial plateau,
one of them also presenting insufficiency stress fracture
of the medial femoral condyle. This association argues
for a traumatic etiology of SONK.

Materials and methods

A computer registry was used to provide the names of all patients
diagnosed by MR imaging of spontaneous osteonecrosis of the
knee (SONK) at our institution, a teaching tertiary hospital, from
may 1993 to may 2001. Cases studied were restricted to patients
in whom medical charts and MR images were available for re-
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view. Patients with a history of major trauma, meniscectomy, or
predisposing factors of osteonecrosis were excluded from the
study.

These restrictions identified 62 cases, one of them with bilater-
al involvement. They were 45 women and 17 men, with a mean
age of 68+8 years.

Medical charts, radiographs when available, and MR images of
these patients were retrospectively reviewed looking for the asso-
ciation between SONK and insufficiency stress fracture. We found
four cases in which SONK was associated with insufficiency frac-
tures of the medial tibial condyle and/or tibial plateau. These four
patients formed our study group.

The radiographic criteria of SONK on radiographs were based
on those previously described [1, 2, 3]: slight flattening of the me-
dial condyle, followed by the appearance of a linear or cystlike
subchondral radiolucent lesion, and finally, articular collapse.

The MR images were obtained on a 1.5-T Gyroscan ACS NT,
or on a 0.5-T Gyroscan II (both from Philips, Best, The Nether-
lands). Sagittal T1-weighted spin-echo (TR 540-600 ms/TE
15-20 ms) and coronal and axial T2*-weighted gradient-echo (TR
500-906 ms/TE 14-28 ms/30-35 ms) images were obtained in all
cases.

Sagittal double-echo, T2-weighted spin-echo (TR 2000-2200 ms/
TE 20 ms/80 ms), or sagittal T2* gradient-echo (TR 906 ms/TE
28 ms/35 ms) images, were also acquired in all cases.

Additional sequences included sagittal short tau inversion re-
covery (STIR; TR 1561 ms/TE 15 ms/160 ms) and coronal T1-
weighted spin-echo (TR 631 ms/TE 20 ms) images, and coronal
proton-density fat-suppressed images (TE 1756 ms/13 ms).

The MR imaging criteria that were used for the diagnosis of
SONK were previously reported [4, 5]: a discrete area of low sig-
nal intensity on both T1- and T2-weighted images in the subchon-
dral region of the affected femoral condyle or tibial plateau, sur-
rounded by bone marrow edema changes. In cases of SONK with
normal radiographs, we applied MR imaging criteria of irrevers-
ible SONK of Lecouvet et al. [6, 7] excluding those with charac-
teristics of transient epiphyseal lesions.

The MR imaging criteria for the diagnosis of stress fractures
were based on those described in previous studies [8, 9]: (a) band-

like areas of very low signal intensity in the medullary space,
which usually extend to the cortex; and (b) surrounding alteration
in signal intensity in the marrow space with ill-defined low signal
intensity on T1-weighted images and high signal intensity on T2-
weighted images, which represents medullary edema and hemor-
rhage.

Results

The clinical history and summary of the imaging studies
of the four patients are shown in Table 1. They were four
elderly women who presented with severe acute knee
pain. Pain appeared suddenly in all cases. It was severe
and localized in the medial aspect of the knee, causing
significant functional impairment in all cases. Pain at
rest was present in three of the four patients. Physical ex-
amination showed tenderness over the involved area,
with small or moderate effusion in all cases. The syno-
vial fluid was examined in two patients being non-in-
flammatory.

The SONK was diagnosed on radiographs in three pa-
tients (cases 1, 3, and 4), showing a slight flattening and
increased density of the weight-bearing aspect of the me-
dial femoral condyle (Fig. 1a).

Insufficiency stress fracture was radiographically diag-
nosed in one case (case 2; Fig. 2a). In cases 2 and 4 fol-
low-up radiographs were available. In case 2, follow-up
radiographs disclosed a faint sclerotic band in the sub-
chondral region of the medial tibial plateau (Fig. 2f). In
case 4, the necrotic lesion of the medial femoral condyle
evolved to articular collapse, but the insufficiency stress
fracture was not identified on follow-up radiographs.

Table 1 Patient data. MFC medial femoral condyle, MTP medial tibial plateau, MM medial meniscus

Patient no.  Age (years) Gender Present symptom Radiograph MR imaging
1 85 Female  Left knee pain Subchondral sclerosis and slight flattening Osteonecrosis of MFC
of weight-bearing area of MFC
Minimal osteoarthritic changes Stress fracture of MTP
Mild osteopenia Tear of MM
Chondrocalcinosis Joint effusion
2 66 Female  Left knee pain Lineal sclerotic band in MTP Osteonecrosis of MFC
Moderate osteoarthritic changes Stress fracture of MTP
Tear of MM
Joint effusion
Mild synovitis
3 74 Female  Rigth knee pain Subtle flattening of weight-bearing area of MFC  Osteonecrosis of MFC
Moderate osteoarthritic changes Stress fracture of MFC
Severe osteopenia Stress fracture of MTP
Tear of MM
Joint effusion
Baker’s cyst
4 74 Female  Rigth knee pain Subchondral radiolucent lesion Osteonecrosis of MFC

in weight-bearing area of MFC

Moderate osteoarthritic changes
Severe osteopenia
Chondrocalcinosis

Stress fracture of MTP
Tear of MM

Joint effusion

Baker’s cyst
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Fig. 1a-¢ An 85-year-old woman with a 3-week history of spon-
taneous left knee pain. a Initial radiograph shows slight flattening

and sclerosis of the medial femoral condyle. Sagittal b TI1-
weighted and ¢ T2-weighted MR images through medial compart-
ment obtained weeks after a show a subchondral area of low sig-
nal intensity in the weight-bearing area of femoral condyle, and an
irregular horizontal band of low signal intensity in the medullary
cavity of tibial plateau. Ill-defined bone marrow low signal inten-
sity on Tl-weighted images and high signal intensity on T2-
weighted images adjacent to both lesions are also noted

The MR images were obtained 4, 14, 20, and
22 weeks after the onset of pain, and allowed a diagnosis
of both conditions (Figs. 1b, c, 2b—e, 3a, b). The interval
between initial radiographs and MR examination was 1,
6, 6, and 8 weeks retrospectively.

The SONK and insufficiency fractures was surround-
ed by intensity changes of bone marrow edema in all
cases, but in case 2 the insufficiency stress fracture was
associated with minimal bone marrow signal intensity
changes (Fig. 2b—e), probably due to the long interval
between the onset of pain and MR examination
(14 weeks).

Interestingly, one patient presented insufficiency
stress fractures of both the medial tibial plateau and me-
dial femoral condyle (Fig. 3a, b).

Discussion

Spontaneous osteonecrosis of the knee is a well-recog-
nized cause of acute knee pain in the elderly population.
The precise pathogenesis of this condition remains
unclear, although two main theories have been proposed:
primary vascular insufficiency leading to bone infarc-
tion; or a minor, unrecognized traumatic insult producing
microfractures in the subchondral bone and subsequent
osteonecrosis [2, 3].

The usual sudden onset of symptoms that characteriz-
es SONK, its occurrence in elderly patients, in whom os-
teoporosis is frequent, and its characteristic predilection
for the area of maximum weight-bearing of the medial
femoral condyle or tibial plateau, strongly suggest a trau-
matic lesion as the most likely underlying cause of
SONK [1, 4].

Of interest, several reports supporting this hypothesis
have been recently presented. In this sense we found sig-
nificant differences between idiopathic and secondary
osteonecrosis of the knee, especially with regard to clini-
cal presentation and location, extent, and MR imaging
appearance of the lesions [10]. Contrary to what has
been described in idiopathic forms, secondary osteone-
crosis generally occurs in younger patients and frequent-
ly has an insidious onset with mild or vague pain, the
lateral compartment of the knee is often involved, and
lesions are generally larger than lesions arising spontane-
ously. In the great majority of cases they involved femo-
ral condyles and/or tibial plateaus [10]. Bilateral distri-
bution and multifocal involvement is also seen in these
forms. It is remarkable that in this series the demarcation
rim, which is considered specific and pathognomonic of
avascular osteonecrosis, was observed in most of the
patients with secondary osteonecrosis, but in none of
those with spontaneous osteonecrosis [10]. We, accord-
ing to other authors [5, 11, 12], hypothesize that these
differences are probably due to a difference in the patho-
genic mechanism.

The fact that patients with secondary osteonecrosis
have more extensive lesions that generally occur in the
lateral compartment, and that other joints may be affect-
ed, argues for a generalized “metabolic” etiology as op-
posed to a more local “mechanical” cause in the SONK.

According to our results, a recent histopathological
study of a series of 14 cases of SONK surgically treated
also suggested that the primary event leading to SONK
is a subchondral insufficiency fracture, and that the lo-
calized osteonecrosis seen in association with this dis-
ease is the result of a fracture [5]. These authors report
histological differences between the classic wedge-
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Fig. 2a—f A 66-year-old woman with a 6-week history of sponta-
neous left knee pain. a Initial radiograph demonstrates a focal lin-
ear area of sclerosis in the cancellous bone of the medial tibial pla-
teau (arrowheads), corresponding to an insufficiency stress frac-
ture. The patient was treated conservatively with rest and anti-in-
flammatory drugs without improvement. For this reason an MR
examination was performed. b, ¢ Coronal T1-weighted MR imag-
es through medial compartment obtained 8 weeks after a. In the
more anterior section (b), a thin line of low signal intensity (ar-
rows) is seen within the cancellous bone of tibial plateau. A slight-
ly more posterior section (¢) demonstrates ill-defined region of de-
creased signal intensity in femoral condyle (arrowheads) with bet-
ter-delineated subchondral low signal intensity area (white ar-
rows). 1ll-defined low signal areas are seen in the subarticular of
the medial tibial plateau, between the fracture line and the sub-
chondral bone plate. d, e Sagittal T2-weighted MR images
through medial compartment shows that the subchondral lesion of
femoral condyle has low signal intensity, whereas surrounding
bone marrow has high signal intensity. The lineal area of low sig-
nal intensity (arrowheads) is less conspicuous. Note tear of the
posterior horn of the medial meniscus. f Radiograph obtained 1
week after that in b—e. The fracture line of medial tibial plateau is
seen as a faint linear sclerotic area (arrow)

shaped infarct of secondary osteonecrosis, and necrotic
lesions of SONK, which are situated between a linear
fracture close to the articular surface and the articular
surface [5].

These same authors have been reported another case
presenting insufficiency stress fracture of both the medi-
al femoral condyle and the femoral head, which radio-
graphically resembled osteonecrosis [11]. These authors
reviewed the histopathological differences between in-
sufficiency stress fracture and SONK, and concluded
that SONK is the result of subchondral insufficiency
stress fracture of the medial femoral condyle [11].

Stress fractures of the knee in older patients are con-
sidered as insufficiency type fractures caused by normal
stress applied to insufficient bone, oftenly osteoporotic.

In most patients no increase of physical activity is re-
ferred as an identifiable precipitating factor [12, 13].
Typically, these fractures involve the medial tibial
plateau [13]. Medial femoral condyle or lateral tibial
plateau are rarely recognized as site of involvement
[12, 13]. Despite SONK, pain at rest and at night is un-
common in stress fractures [12, 13]; however, these two
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Fig. 3a—d A 74-year-old woman with an 8-week history of spon-
taneous right knee pain. a, b Sagittal T1-weighted MR images
through medial compartment reveal an irregular horizontal band of
low signal intensity at femoral condyle (arrows), and several cur-
vilinear low-signal intensity zones at tibial plateau (arrowheads),
surrounded by more diffuse areas of bone marrow increased signal
intensity suggestive of edema. A low-signal intensity subchondral
area is seen at weight-bearing aspect of femoral condyle. ¢, d Co-
ronal fat-suppressed proton-density-weighted MR images through
medial compartment show linear low signal intensity areas at fem-
oral condyle (arrows) and tibial plateau (arrowheads) with diffuse
increased signal intensity of surrounding bone marrow. Note fem-
oral subchondral area of low signal intensity with increased signal
intensity of surrounding bone marrow, and focal epiphyseal con-
tour depression (long arrow)

entities frequently cannot be differentiated from each
other based only on clinical, plain radiography, and bone
scan findings [14, 15]. The MR imaging is usually ade-
quate to discriminate between osteonecrosis and stress
fractures [16].

To our knowledge, only three cases of SONK associ-
ated with stress fracture of the tibial plateau [14, 15]
have been previously reported. LeGars et al. described a

series of 13 cases with stress fracture of the medial tibial
plateau, and one of them, an 85-year-old woman with
previous history of long-term glucocorticoid intake, pre-
sented concomitant SONK [14].

Recently, Sokoloff et al. reported two cases in whom
SONK was associated with stress fracture of the medial
tibial plateau [15]. All these three cases were elderly
women (mean age 71 years) presenting knee pain, and
two of them presented joint osteoarthritic changes [14,
15]. Tear of the medial meniscus was reported in the two
cases of the Solokoff series [15]. In the series reported
by Le Gars et al., the great majority of cases showed MR
signs of medial meniscus rupture, although there is no
specific mention of the presence of medial meniscal tear
in the aforementioned patient [14].

Herein we report four more cases of SONK associat-
ed with stress fracture. One of our patients (case 3)
developed SONK with concomitant stress fractures of
both the medial tibial plateau and femoral condyle. To
our knowledge, neither the association of SONK with
stress fracture of the medial femoral condyle nor the oc-
currence of simultaneous stress fracture of the medial
femoral condyle and medial tibial plateau have been re-
ported previously.

In our series, less than 5% of patients with SONK
present a insufficiency stress fracture of the knee. Due to
the strict inclusion criteria used in our study (only pa-
tients studied by MR imaging, in whom signs of irrevers-
ible lesions were identified), our group of patients is
probably not representative of the entire population af-
fected with SONK.

The SONK and stress fracture are not uncommon
conditions, and therefore the combination in these pa-
tients could have happened by chance; however, in our
opinion, according to Solokoff et al. [15], this associa-
tion reinforces the theory of a traumatic etiology of
SONK.

Our patients were elderly women, without predispos-
ing factors for osteonecrosis. All four patients presented
knee osteoarthritic changes, showed medial meniscus
tear on MR imaging, and three of them were osteopenic.
Several authors have suggested that the presence of me-
dial meniscus tears, osteoarthritis, and/or osteoporosis
may be a significant contributing factor in the develop-
ment of subchondral plate microfractures [4, 10, 15, 17].

The diminished load-bearing capacity of injured me-
niscus increases the applied forces to the subchondral
plate [14, 17]. In the same way, osteoporosis and carti-
lage thinning seen on osteoarthritis can weaken the load-
bearing capacity of subchondral bone, such that stress
fracture can result from normal activity [4, 9].

In summary, our cases lend further credence to the
postulate that SONK has a traumatic etiology.
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