
Introduction

The knee is the second most common location for os-
teonecrosis (ON) but the exact prevalence of this disease
is unknown [20]; ON of the femoral condyle can present
as a spontaneous or a secondary clinical entity. Sponta-
neous ON of the medial femoral condyle (spontaneous os-
teonecrosis of the knee, SONK) is typically a disease of
the elderly, presenting with severe knee pain of sudden
onset and unilateral involvement with a predilection for
the medial femoral condyle, as described by Ahlback et
al. [2, 3] in 1968. Secondary ON differs from this in terms
of clinical presentation, location, and extent of the lesions,
since it affects younger patients, with insidious onset of
vague pain and also involvement of the lateral knee com-
partment [23]. These differences in clinical and radio-
graphic presentation may be due to the different causes,

although the pathogenic mechanism remains unknown.
Arthroscopic surgery has recently been associated with
avascular necrosis of the knee, although the incidence of
“postarthroscopic” ON is rare [7, 21, 27, 29]. Whether
arthroscopy may play a pathogenic role in the natural se-
quence of ON remains disputed [7, 17].

In its early stages SONK is difficult to diagnose, as it
presents with intense pain mimicking meniscal symptoms
and with normal findings on conventional radiography
[30]. Findings on magnetic resonance imaging (MRI)
might also be normal at this stage, as a so-called “window
period” has been noted between the onset of symptoms
and the appearance of signal changes in MRI [6, 32]. The
purpose of this prospective study was to determine the
prevalence of early-stage SONK in the elderly who pre-
sent with a sudden onset of knee pain in the absence of a
trauma history. Knowing the prevalence of early-stage
SONK might be of paramount clinical and medicolegal
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importance since it may contribute to avoid unnecessary
intra-articular surgery.

Patients and methods

Patients

We used MRI to examine all patients older than 50 years who pre-
sented with potential medial meniscus symptoms between May
1998 and December 1999. Patients included in the study met the
following criteria: (a) a sudden onset of knee pain over the medial
joint line, (b) no a history of trauma or hyperuricemia, (b) normal
or nearly normal radiographic findings (incipient stage I of a four-
stage course according to Soucacos et al. [30]) at first presentation,
and (d) no risk factors for ON such as intra-articular application or
oral intake of glucocorticoids, no hemoglobinopathies, no history
of systemic lupus erythematosus, renal transplant, hyperlipidemia,
deep water diving, or ON affecting the opposite knee. Patients with
a previous arthroscopy who were referred to our clinic for persist-
ing pain were excluded from the study. The 176 patients who met
the inclusion criteria included 98 men and 78 women, with a mean
age of 59.5 years.

At initial presentation, all patients underwent a radiological
evaluation which included anteroposterior, lateral, and 30° pos-
teroanterior weight-bearing views. The degree of osteoarthritis
was graded according to the International Knee Documentation
Committee (IKDC) criteria (“normal,” “nearly normal,” “abnor-
mal,” and “very abnormal” [5]).

Analysis of imaging methods

Initial MRI was performed not earlier than 6 weeks after the onset
of symptoms. Bone marrow edema (BME) in an epiphysis on MRI
is a nonspecific finding associated with several diagnoses, such as
posttraumatic fractures, ON, reactive changes due to underlying
degenerative articular disease, and transient conditions referred to
as “transient osteoporosis” or “transient BME syndrome” [10].
Lecouvet et al. [14] recently described MRI characteristics for dif-
ferentiating between transient epiphyseal lesions and early irre-
versible ON.

We suspected early irreversible ON if a BME pattern together
with at least two of three indicative features of early irreversible
ON was present on initial MRI. A BME pattern on MRI was re-
garded as an ill-defined marrow edema of low signal intensity on
T1-weighted images and of intermediate to high signal intensity on
T2-weighted images [10]. MRI criteria for early irreversible ON
comprised: (a) a subchondral area of low signal intensity on 
T2-weighted images, (b) a focal epiphyseal contour depression,
and (c) lines of low signal intensity located deeply in the affected
condyle [14].

Since not all MRI examinations were performed at our institu-
tion, imaging equipment and protocols were not standardized. The
MRI findings were interpreted by the prevailing radiologists, or, if
inconclusive, the images were presented to a senior radiologist at
our institution.

Further progression to collapsed SONK on conventional radi-
ography confirmed the MRI findings and was mandatory to diag-
nose SONK.

Patient follow-up

All patients with signs of BME were initially treated conserva-
tively with an exercise program, protected weight bearing with
crutches, and anti-inflammatory medication for a minimum of 
6 weeks [25]. Patients presenting with BME were referred to fol-

low-up MRI 6 weeks after initial diagnosis and completion of con-
servative therapy. In cases of persisting BME a control MRI 6
months after initial diagnosis was performed. Arthroscopic débride-
ment was performed after failure of conservative treatment in
cases with clinical and radiographic progression of the disease to
stage II (“slight flattening of the medial condyle” according to
Soucacos et al. [30]) and with concomitant unbearable pain. Total
knee arthroplasty was performed if clinical symptoms and radio-
graphic changes progressed to stage III (“radiolucent line due to
subchondral bone necrosis=crescent sign in conventional radio-
graphs”) or IV (“medial femoral condyle collapse in plain radio-
graphs” [30]).

Results

Prevalence of ON according to MRI

MRI examination revealed a pattern of BME in the medial
femoral condyle in 16 (9%) of the 176 patients; 5 men, 
11 women, mean age 62 years). MRI characteristics in 
6 of these 16 (37.5%; 1 man, 5 women, mean age 
67 years) were indicative of early irreversible ON [14],
yielding a prevalence of SONK of 3.4% with regard to all
176 patients enrolled in the study (Fig.1b, c). The 53 pa-
tients older than 65 years included five of the six patients
with early irreversible signs of ON on initial MRI; among
this elderly cohort the prevalence of early-stage SONK
was thus 9.4%.

All of the six patients showing signs of early irre-
versible ON on MRI progressed radiographically to stage
II (n=3) or III (n=3; Fig.1d) a mean of 6.5 months (range
3–9), thus confirming the initial MRI findings. Ten of the
16 patients (62.5%) with BME did not show any radio-
graphic signs of ON in the further radiographic follow up
or presented with resolution of MRI findings and clinical
symptoms 6 weeks after the begin of conservative treat-
ment. In 6 of 10 patients BME persisted 6 weeks after ini-
tial MRI diagnosis. In these patients follow-up MRI 4–6
months after initial diagnosis revealed complete resolu-
tion of MRI changes consistent with a transient BME. In
the other four patients BME on MRI was considered to be
a reactive change due to underlying degenerative articular
cartilage disease (Figs. 2, 3).

Clinical findings and radiographic evaluation

At the initial presentation patients with ON reported acute
onset of pain without apparent trauma and recurrent
swelling after full weight bearing. Clinical examination
revealed medial joint line tenderness, effusions, and re-
stricted motion of the affected knee. On routine radio-
graphs (anteroposterior, lateral, and 30° posteroanterior
weight-bearing views), all patients with ON demonstrated
“normal” (1/6 patients) or “nearly normal” (5/6 patients)
radiographic findings in the knee compartment involved
according to the IKDC criteria [5] (Table 1). In patients
without ON (n=160) “nearly normal,” “abnormal,” and
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“very abnormal” changes were seen in 67 (42%), 40 (25%),
and 22 (14%) cases, respectively. Thirty-one patients (19%)
did not show any degenerative changes on routine radiog-
raphy.

Perioperative findings

Of the 176 patients presenting with knee pain 160 (160)
did not have any lesion suspicious for ON on either MRI
or radiography. Of these 160 patients 104 (65%) were
treated with arthroscopy for meniscal and/or cartilage
pathology. In 56 patients (35%) no arthroscopy was per-
formed because the symptoms showed complete resolu-
tion and/or the patients preferred conservative treatment
or refused surgery. In the 104 patients who agreed to sur-

gery and who did not show signs of ON on MRI, arthros-
copy revealed a tear of the medial meniscus in 75 (72%),
a tear of the lateral meniscus in 48 (37%), and both in 9
(9%). In almost one-half of cases (n=51, 49%) the medial
femoral condyle showed second or third degree degenera-
tive changes, according to the classification of Noyes and
Stabler [24].

Débridement was performed in five of the six SONK
patients because of clinical and radiographic progression
(at stage II in one, stage III in four [30]). Arthroscopy re-
vealed a break in the articular cartilage surface in the
weight-bearing surface of the medial condyle in all five
patients. Degenerative meniscal pathologies were found in
four of the five patients of the medial (n=4) and/or the lat-
eral (n=2) compartment. Correspondingly, we found sec-
ond to fourth degree chondromalacia [24] in the neighbor-
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Fig.1a–d A 67-year-old man
with a 3-week history of spon-
taneous knee pain (Table 1). 
a Anteroposterior conventional
radiography of the left knee
with normal osseous findings
on initial presentation. b Coro-
nal T2-weighted MRI (2000/80
TR/TE) 9 weeks after onset of
symptoms shows a subchon-
dral area of low signal inten-
sity. The medial condyle
shows a moderate increase in
signal intensity suggestive of
edema. c Sagittal T1-weighted
MRI (415/20 TR/TE) through
the medial compartment shows
ill-defined region of decreased
signal intensity and subtle fo-
cal epiphyseal contour depres-
sion (arrow). d Four months
after the onset of symptoms a
radiolucent lesion of the of the
left medial femoral condyle
has developed, indicating stage
III osteonecrosis according to
Soucacos et al. [30]



ing medial femoral condyle (n=4) and medial tibial plateau
(n=1; Table 1). Débridement was carried out entirely
arthroscopically and comprised the removal of the osteo-
cartilagenous flap from its crater together with loose de-
bris from the base using a rongeur. Motorized burrs were
used to complete the débridement until bleeding bone was
exposed over the entire surface of the defect. Partial
meniscectomy was carried out in four of the five patients
in the medial compartment affected by SONK (Table 1).

Clinical outcome

Patients who underwent arthroscopy had a mean initial
Lysholm score [5, 18] of 65 points in those without
SONK (range 60–79) and 60 points in those with SONK
(range 55–75). Three months after arthroscopy only pa-
tients without SONK had improved clinically, with a
mean increase of 30 points (range 10–48, P<0.05). All pa-
tients with SONK showed further progression to complete
articular collapse and were treated with total knee re-
placement a mean of 12 months on average after initial di-

agnosis (range 9–14 months). A pathological analysis of
specimens obtained in four of the six patients at subse-
quent total knee replacement confirmed ON in all cases.

Among the 104 patients who agreed to arthroscopy and
who showed no signs of ON on MRI no case of delayed
progression of “postarthroscopic” ON was noted 3 months
after the procedure. A retrospective chart review of 58 of
104 patients (55%) who presented for further follow-up at
least 6 months after arthroscopy revealed no signs or
symptoms of secondary ON.

Discussion

Early-stage SONK can be difficult to diagnose as the re-
sult of the following pitfalls in the clinical setting: (a) the
conventional radiographs are normal at initial presenta-
tion, (b) the pain over the medial condyle can mimic
meniscus symptoms, and (c) there is a window period for
the MRI method to detect SONK. These pitfalls can have
a clinical and a medicolegal impact. Clinically, it has been
shown that an additional arthroscopic meniscectomy in
the presence of undiagnosed ON can worsen clinical
symptoms and accelerate joint destruction [17]. Medicole-
gally, arthroscopy could be regarded as the cause of pro-
gressive SONK. Therefore a distinction between cases of
ON following arthroscopic surgery and cases of preexist-
ing but yet undiagnosed SONK should be made to avoid
arthroscopy in cases of SONK.

The aim of our prospective cohort study was to deter-
mine the prevalence of SONK in elderly patients present-
ing with potential medial meniscus symptoms without
trauma history. We observed an overall prevalence of
SONK of 3.4% in patients over the age of 50 years. Con-
sidering only patients aged over of 65 years the preva-
lence increased to 9.4% (Fig.1). This is surprisingly high
and must be confirmed in further studies.

Until recently MRI has not been widely accepted as a
reliable diagnostic method to detect early ON. Several au-
thors prefer the use of bone scintigraphy in the early diag-
nosis of ON [4, 8, 9] although the advantage of this pro-
cedure has not been confirmed in all studies. Numerous
authors recommend MRI as a screening modality since it
provides a simultaneous evaluation of meniscal/chondral
pathology, the size of the lesion, and the viability of the
bone marrow [6, 7, 11, 28]. Lecouvet et al. [14] have re-
cently described MRI characteristics which allow confi-
dent differentiation between early irreversible ON and
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Fig.2 Age distribution of patients enrolled in the study. Patients
with MRI findings consistent with early-stage osteonecrosis of the
medial femoral condyle (black bars) were predominantly in the
age group above 65 years

Fig.3 Patient distribution according to MRI findings indicative
for bone marrow edema (BME) and/or early-stage spontaneous os-
teonecrosis of the knee (SONK) over time. Follow-up MRI was
performed 6 weeks after completion of conservative treatment in
patients with BME. In cases without resolution a final MRI was
performed 6 months after initial diagnosis of BME. Percentages
indicate prevalence
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transient epiphyseal lesions of the human medial condyle.
This is of paramount medicolegal importance since arthros-
copy has recently been associated with the progression of
ON. In rare cases worsening symptoms after arthroscopy
have been related to ON-like MRI changes [7, 13, 21, 27, 29].

To our knowledge, five clinical studies have reported
about ON evolving after routine arthroscopic knee sur-
gery. All cases of “postarthroscopic” ON were diagnosed
by MRI. The majority of these patients were evaluated
retrospectively, and preexisting ON was not excluded [7,
21, 27, 29] (Table 2). Johnson et al. [13] defined the diag-
nostic window of the MRI method as the time between the
onset of symptoms and pathognomonic MRI changes.
This study group arbitrarily chose 6 weeks as the minimal
time interval between the onset of symptoms and MRI ex-
amination as an inclusion criteria for patients. This deci-
sion was based on a laboratory model by Nakamura et al.
[22] who surgically induced ON of the femoral head in 
a canine model and demonstrated that it may take up to 
4 weeks after surgery for the MRI to become positive.

The exact length of the diagnostic MRI window for de-
tecting SONK in humans remains unknown since the ap-
plicability of animal experiments to the clinical setting is
uncertain. In a clinical MRI study Lecouvet et al. [14]
found a mean interval of 10 weeks between the onset of
symptoms and subsequent MRI and noted a high prognos-
tic value of the MRI method. This even longer diagnostic
interval might contribute to the high sensitivity and speci-
ficity of the MRI method in detecting early irreversible
SONK. Soucacos et al. [30] noted a natural four-stage
course of SONK and found partly inconclusive MRI find-
ings only in the earliest stage of ON (incipient stage).
Bjorkengren et al. [6] reported a correlation between early

abnormalities in T2-weighted MRI and further progres-
sion of the disease. In their study the duration of the dis-
ease at the time of the MRI examination ranged from 1 to
58 months (mean: 18 months). In summary, these data
speak in favor of a delayed MRI examination after the on-
set of knee pain [6, 13, 14, 30].

Our study protocol considered the suspected window
period as suggested by Johnson et al. [13]. All our patients
were referred to an MRI examination not earlier than 
6 weeks after the onset of symptoms. Although the John-
son et al. inclusion criteria were similar to ours, they
found no case of early stage ON at the preoperative MRI
examination. This could be related to the lower mean age
in his patients (60 vs. 67 years in our study) and may be
due to their study protocol since their data were reviewed
retrospectively. Furthermore, the MRI criteria [7, 15, 26]
used in their study may have a lower prognostic value
than ours [14].

The cause of ON is increasingly being paid attention
but remains unknown. A number of factors have been as-
sociated with the development of SONK of the medial
femoral condyle, such as trauma, resultant microfractures,
primary vascular insufficiency, and meniscal tears [7, 17].
Secondary ON, however, has been related to an altered
mechanical force transmission after arthroscopic chondral
and/or meniscal débridement [7, 21] with a subsequent
overload of the medial joint aspect [29].

As in many other previous studies, our perioperative
findings seemed to confirm a relationship between degen-
erative changes and SONK. A geographic association was
found between ON and meniscus tears/chondromalacia in
four of six SONK patients during arthroscopic débride-
ment. However, arthroscopic knee surgery is frequently
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Brahme
et al. [7]

Johnson
et al. [13]

Muscolo
et al. [21]

Prues-Latour
et al. [27]

Santori
et al. [29]

Patients with ON in total (n) 7 7 8 9 2

ON in MFC and without trauma history (n) 5 4 8, trauma
history?

6 2

Mean duration of symptoms in patients
with ON in MFC prior to MRI (weeks)

? 12 (6–28) 8 (1–28) 26 (3 days–
72 weeks)

?

Patients examined within diagnostic window
of MRI (n)

? 0 5 2 1

Mean age (years) 60.5 (42–72) 60 (41–79) 65 (54–75) 69 (58–82) 34 (21–47)
    Age <65 years (n) ? 3 3 1 2
    Age >65 years (n) ? 1 5 5 –

MMT at ASC (n) 5 3 8 8 2

CM of MFC at ASC (n) 5 4 4 7 –

Table 2 Survey of studies describing cases of osteonecrosis (ON)
following arthroscopic knee surgery without trauma history. Four
of five studies did not consider the diagnostic window of the MRI
method to rule out preexisting osteonecrosis; in only a minority of
studies was a complete evaluation of potential concomitant risk

factors for ON performed (preceding trauma, diagnostic window
of MRI, age distribution of ON) (ASC arthroscopy, CM chondro-
malacia, MFC medial femoral condyle, MMT medial meniscus
tear)



carried out in elderly patients with degenerative lesions of
menisci and cartilage. Still, the prevalence of postarthro-
scopic ON is low. According to the literature, joint-pre-
serving procedures such as arthroscopic débridement,
core decompression and high tibial osteotomy have
achieved good results in 70–80% of cases of ON [12, 19,
20, 31].

We saw a rapid progression of joint destruction in all
our SONK patients despite conservative treatment and
arthroscopic débridement. Total knee replacement, as the
only surgical option for the treatment of stage IV lesions,
was performed on average 12 months after initial presen-
tation (Table 1). This is a poor outcome compared to that
in other studies of SONK with similar therapeutic regi-
men [19]. However, previous studies may have included
patients with transient BME pattern of signal intensity
changes on MRI. In our patients with similar changes
BME was self-limiting, and full recovery was achieved
without intervention, as described in former MRI studies
[10, 14].

There are certain limitations to our study. We did not
examine the opposite knee joint to rule out potential sim-
ilar MRI changes of a different cause. MRI protocols were
not standardized since these examinations were per-
formed at different institutions. Nevertheless, all patients

with SONK on initial MRI showed pathognomonic fea-
tures on follow-up conventional radiography, such as epi-
physeal collapse and subchondral bone fractures [1, 2],
thus confirming the diagnosis. Moreover, the pathological
analysis of specimens obtained in four of six patients at
subsequent total knee replacement confirmed ON as well.

Conclusion

We can summarize our findings as follows:

1. Our clinical results confirmed the prognostic value of
the MRI criteria according to Lecouvet et al. [14].

2. The prevalence of early-stage SONK in patients over
65 years with medial knee pain and without trauma
history was 9.4%.

3. When these elderly patients present with normal con-
ventional radiographs, an MRI should be performed
not earlier than 6 weeks after the onset of symptoms to
rule out preexisting early stage SONK.

4. A diagnosis of SONK may avoid unnecessary arthros-
copy.
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