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MR appearance of the temporal
evolution and resolution of spontaneous
osteonecrosis of the knee: a case report
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Abstract
Spontaneous osteonecrosis of the knee (SONK) is a feared condition of unknown cause, in its classic form appearing in

the medial femoral condyle in middle-aged or elderly subjects. Diagnosis with radiography is notoriously difficult with a

long latency before typical changes appear. Magnetic resonance imaging (MRI) is regarded as a diagnostic tool with the

possibility to give an earlier diagnosis with improved chances for treatment. However, also with MRI there may be an

initial diagnostic blind spot before typical changes appear. Little is known about the temporal evolution of the MRI

changes. In the current case report, a case of SONK is reported where serial imaging with MRI was performed, from

initial symptoms to eventual resolution after almost three years.

Keywords

Osteonecrosis, knee, magnetic resonance imaging (MRI)

Date received: 8 August 2016; accepted: 19 December 2016

Introduction

Osteonecrosis or avascular necrosis is the end stage of
multiple pathological pathways leading to impaired
intraosseous circulation, resulting in infarction of bone.
Osteonecrotic lesions are usually painful although ‘‘silent’’
forms have been described (1) and often lead to secondary
osteoarthritic changes if they occur in the subchondral
bone with subsequent collapse of the joint surface (2).
Osteonecrosis of the knee is also strongly associated
with an increased risk of joint arthroplasty (2).

Today, osteonecrosis of the knee is often discussed in
terms of three separate conditions (3): (i) spontaneous
osteonecrosis of the knee (SONK), the subject of the
current case report, usually affecting a single condyle in
middle-aged or older patients; (ii) secondary osteo-
necrosis from a known cause, such as corticosteroid
treatment or sickle-cell anemia, more often affecting
younger patients, with multifocal and sometimes
asymptomatic ‘‘silent’’ lesions; and (iii) post-arthro-
scopy osteonecrosis, characterized by increasing knee
pain and positive magnetic resonance imaging (MRI)
findings after arthroscopic surgery (4).

The etiology of SONK is unknown, but two main
theories have been advanced: vascular (5,6) and

traumatic, resulting from a microfracture perhaps in
association with low bone mineral density (7). SONK
can lead to subchondral collapse and secondary osteo-
arthritis often requiring knee surgery (2). The prognosis
of the disease, has been shown to depend on the size of
the lesion (8).

The onset of SONK is classically an acute onset of
pain without a significant predisposing trauma. Some
patients, however, describe a more gradual increase of
symptoms. The most common finding on physical
examination is localized tenderness over the medial
femoral condyle. Initial radiographs may be negative,
especially if the symptoms are of short duration, and
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the diagnosis is therefore often missed at this stage
(8,9). With time, radiography shows a characteristic
half-moon-shaped sclerosis with a radiolucent center
adjacent to the joint surface (10), followed by a joint
surface impression. MRI can diagnose SONK in the
pre-radiographic stage (11), with increased potential
for treatment to prevent joint surface collapse.

Proper treatment depends on a high degree of clin-
ical suspicion and prompt imaging with radiography as
well as MRI. With negative radiography and diagnostic
MRI prognosis is better with the primary treatment
objective to preserve joint congruence, and avoid a
dismal prognosis with arthroplasty as the outcome.
MRI may be used to monitor treatment, but the MRI
appearance from onset to resolution has not previously
been documented in serial imaging.

The purpose of the current report was to describe the
MRI findings in a case of SONK imaged repeatedly
during 2.5 years.

Case report

A 55-year-old man presented with gradually worsening
throbbing pain in the medial half of the knee, which
changed into a stabbing pain with weight bearing. He
had no prior health complaints, was not on any medi-
cation, did not smoke, and practiced moderate exercise
with jogging 5 km twice a week. Physical examination
was unremarkable with only mild swelling and effusion.
Three weeks earlier he had walked a lot on hard sur-
faces and also been in a minor car accident without
obvious knee trauma. MRI showed non-specific bone
marrow edema (Fig. 1). All MR examinations were
performed on a 1.5 T Achieva scanner (Philips, Best,

The Netherlands) with a standard knee protocol
(Table 1).

At follow-up MRI after three weeks (Fig. 2) the
bone marrow edema had increased both in intensity
and extension, and was suggestive of osteonecrosis. A
small subchondral sclerosis had also appeared in the
medial femoral condyle on T1-weighted (T1W) ima-
ging. Radiography was unremarkable. Combined, the
two MRI studies were, however, interpreted as a pos-
sible insufficiency fracture. Treatment was now started
with non-steroidal anti-inflammatory drugs (NSAID)
and protected weight bearing.

MRI at three months showed unaltered distribution
but further progression of signal intensity of the bone
marrow edema (Fig. 3). Knee pain was reduced to 20%
of the previous pain intensity by the patient’s own
assessment. Pain and swelling, however, increased

Fig. 1. MRI at presentation, three weeks after symptom onset. (a) Coronal STIR and (b) coronal T1W images. There was bone

marrow edema mostly in the medial half of the medial femoral condyle, otherwise milder and more diffuse in the rest of the condyle,

with an appearance more suggestive of contusion than of osteonecrosis. No specific trauma preceded the symptoms, however, the

patient had been walking a lot on hard surfaces three weeks earlier.

Table 1. Standard protocol for knee MRI. The coronal STIR

sequence was exchanged for the coronal PD SPAIR sequence in

the two last examinations.

Scan

sequence Scan plane TR TE

Section

thickness (mm)

Gap

(mm)

TSE T1W Coronal 560 17 3 0.6

STIR Coronal 3912 30 3 0.6

PD Sagittal 4500 30 3 0.3

PD SPAIR Axial 3423 30 3 0.3

PD SPAIR Coronal 3500 30 3 0.3

PD, proton density; SPAIR, spectral attenuated inversion recovery; STIR,

short tau inversion recovery; T1W, T1-weighted; TE, echo time; TR,

repetition time; TSE, turbo spin-echo.
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with weight bearing, the patient had difficulties in driv-
ing a car due to the knee pain, and there was a mild
effusion. Treatment with physiotherapy was started and
protected weight bearing continued.

At five months, MRI showed subtotal regression of
the bone marrow edema (Fig. 4). The findings were now
interpreted as osteonecrosis. Treatment with a bispho-
sphonate (alendronic acid 70mg orally/week) was
started, with continued protected weight bearing.

MRI at seven months (Fig. 5) showed slight progres-
sion of the subchondral cystic area and reappearance of
a discrete bone marrow edema. The clinical findings
were stable. At ten months, MRI showed further
slight progression of the bone marrow edema, but
with filling out of the cyst (Fig. 6). The bisphosphonate
treatment was now changed to zoledronic acid
(5mg intravenously/6 months). At the clinical visit at
one year follow-up, there was no change in clinical
findings.

At one year and three months a minimal subchon-
dral lucency had appeared at radiography (Fig. 7),
while MRI (Fig. 8) showed further healing of the
cyst. There was still mild knee pain, which increased
with weight bearing and flexion of the knee. On phys-
ical examination, there was some swelling and effusion.
Treatment was continued with zoledronic acid (total
treatment time with bisphosphonates 1.5 years) and
protected weight bearing.

At one year and nine months, MRI showed minimal
remaining subchondral edema (Fig. 9). The pain was
reduced but moderate muscular atrophy had devel-
oped. The final MRI at two years and six months
(Fig. 10) showed further healing, also at radiography.

Discussion

The current case report describes serial imaging with
MRI in a patient with SONK, with gradual onset and

Fig. 2. MRI three weeks after presentation. (a) Coronal STIR and (b) coronal T1W images. Increase of bone marrow edema both in

intensity and extension, with the edema on sagittal images (not shown) now centered around the weight bearing area of the medial

femoral condyle, suggestive of osteonecrosis.

Fig. 3. MRI at three months. (a) Coronal STIR, (b) coronal T1W, (c) sagittal PD-weighted images. Further progression of signal

intensity of the bone marrow edema on a STIR sequence with stable distribution. On the sagittal T1W images a double sclerotic line

(arrow) could be seen in the subchondral weight-bearing area.
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slowly worsening pain changing into stabbing pain on
weight bearing, different from the sudden onset often
associated with SONK (9). There was a delay of five
months before a diagnosis of SONK was made.
However, more gradual or silent onset has been
described (1), and in the current case, intensive and
frequent walking during one week might be suspected
as the cause of microtrauma to the femoral condyle
leading to SONK.

The first MRI after three weeks was inconclusive,
and only after six weeks could a mild subchondral scler-
osis be seen on the T1W images. Often, there is a diag-
nostic window where MRI may be negative (12), and it
has been suggested that this ‘‘diagnostic window’’ may
last up to six weeks (13). In the current case, there was

initial quick resolution of the widespread bone marrow
edema, but changes remained even after 2.5 years. At
the last follow-up, there were only minimal radio-
graphic changes, presumably indicating a good progno-
sis (9,14).

There are several differential diagnoses for painful
bone marrow edema on MRI other than SONK. As
in the current case, post-traumatic bone marrow
edema can be suspected, such as bone contusion, micro-
fracture, stress fracture, or other stress-related bone
marrow edema (15). Other differential diagnoses are
bone marrow edema syndrome, osteochondritis disse-
cans, or Sudeck atrophy, while other more obvious dif-
ferential diagnoses are osteoarthritis, tumor-related
bone marrow edema, and postoperative changes (15).

Fig. 4. MRI at five months. (a) Coronal STIR and (b) coronal T1W images. Subtotal regression of the bone marrow edema on coronal

STIR images. The subchondral double line was still present on sagittal T1W images (not shown), and a small cystic area with minimal

impression and flattening of the joint surface on the weight-bearing area of the medial femoral condyle had appeared (arrows). The

findings were now interpreted as osteonecrosis.

Fig. 5. MRI at seven months. (a) Coronal STIR and (b) coronal T1W images. Slight progression of the subchondral cystic area and

reappearance of a discrete bone marrow edema.
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Fig. 6. MRI at ten months. (a) Coronal STIR and (b) coronal T1W images. Further slight progression of bone marrow edema, with

filling out of the cyst, discernible on T1W images.

Fig. 7. Radiography at one year and three months. Minimal subchondral lucency with preserved joint congruency and joint space

width.
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Fig. 8. MRI at one year and three months. (a) Coronal STIR and (b) coronal T1W images. Unchanged bone marrow edema on STIR

images and further filling out of the cyst on T1W images.

Fig. 9. MRI at one year and nine months. (a) Coronal fat-suppressed PD-weighted and (b) coronal T1W images. Minimal remaining

subchondral edema on fat-suppressed PD-weighted images with mildly irregular trabecular structure at the location of the former

cyst.

Fig. 10. MRI at two years and six months. (a) Coronal fat-suppressed PD-weighted and (b) coronal T1W images. Further healing on

fat-suppressed PD-weighted images with disappearance of bone marrow edema with remaining small subchondral irregularities,

preserved joint surfaces and cartilage.
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To the authors’ knowledge, this is the first report of
serial imaging with MRI in SONK. The evolution of
findings in the current case is similar to previously
reported follow-up imaging such as in one report (16)
where a subchondral cyst had developed at nine
months, similar to the appearance of the current case
at five months. In another study (17), initially mild
findings such as in the current report eight months
later had progressed into an impression fracture in
the femoral condyle, illustrating the importance of
not neglecting early mild changes. Previous studies
have reported on the characteristic appearance of
SONK on MRI, with bone marrow edema of high
intensity on water-sensitive sequences such as short
tau inversion recovery (STIR) or fat-suppressed T2 or
proton density (PD)-weighted sequences, with focal or
diffuse T1 hypointensity in the subchondral area, most
commonly in the medial femoral condyle (18). On T1W
sequences the necrotic focus is shown as a low signal
area often with a surrounding area of intermediate
signal intensity, corresponding to the bone marrow
edema seen on water-sensitive sequences. Often there
is a serpiginous dark line at the margin of the necrotic
area, delineating it from the area of bone marrow
edema. Ramnath and Kattapuram (18) suggested that
a linear component parallel with the joint surface cor-
responds to an underlying insufficiency fracture plane
and also reported that a severe bone marrow edema
with an extension greater than two-thirds of the area
of the condyle or plateau, both of which were present in
the current case, was a prevalent feature.

Treatment with protected weight bearing is a stand-
ard treatment to avoid collapse of the subchondral
bone in osteonecrosis before healing is complete (3).
The beneficial effects of bisphosphonate treatment
have been shown in several series, e.g. (14) resulting
in less osteoarthritis and less bone collapse compared
with untreated series (9), thereby reducing the need for
knee arthroplasty.

Based on the evolution of findings the authors of the
current report recommend diagnosis and staging with
radiography and MRI after onset and repeated after
two months if negative with remaining symptoms,
repeat imaging if worsening symptoms despite treat-
ment, and final imaging with MRI and possibly radi-
ography 2–3 years after onset for prognostic
evaluation, unless worsening symptoms have prompted
an earlier intervention.

In conclusion, the current case report demonstrates
the timeline with appearance and disappearance of
bone marrow edema in a case of SONK, followed by
cyst formation and eventual healing. Treatment with
protected weight bearing and bisphosphonates was, in
this case, believed to have contributed to a favorable
outcome.
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