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INTRODUCTION
Osteonecrosis of the knee is a debilitating condition characterized 

by knee pain and bone marrow lesions, typically aff ecting both 
distal femoral condyles and/or the proximal tibia. It can be further 
delineated into two primary categories: Spontaneous Osteonecrosis 
of the Knee (SONK) and secondary osteonecrosis. SONK is 
particularly common in elderly females, aff ecting over 9% of patients 
over the age of 65 years [1-3]. SONK classically presents with acute 
onset of intense pain isolated to the medial femoral condyle [4]. Th e 
condition rarely occurs in lateral femoral condyle, tibial plateaus, 
and patella [5-7]. Additionally, eff usion and pain may limit range of 
motion [8,9]. Th e etiology of SONK is unclear, but it may originate 
from subchondral insuffi  ciency or stress fracture [10,11]. In contrast, 
secondary osteonecrosis tends to present with gradually worsening 
pain in the medial and lateral condyles bilaterally, and other large 
joint involvement, particularly the hip [12]. Secondary osteonecrosis 
is typically found in patients under 55 years of age with risk factors 
including corticosteroid use, sickle-cell disease, alcohol consumption, 
Caisson’s disease, Gaucher’s disease, rheumatoid arthritis, and 
systemic lupus erythematosus [1,2]. In secondary osteonecrosis, 
ischemia and osteonecrosis lead to subchondral fracture, cartilage 
degeneration, and eventual subchondral collapse of the aff ected 
condyles [9,12].

Available treatment options diff er between SONK and secondary 
osteonecrosis. In early stages or lesions smaller than 3.5 cm2, SONK 
has been successfully managed with conservative treatment [8,13]. 
Th is consists of protected weight bearing with crutches, analgesics, 
non-steroidal anti-infl ammatory drugs, and physical therapy. In 
refractory SONK and secondary osteonecrotic lesions larger than 
5 cm2, necrotic segments may result in subchondral collapse or 
extension of the lesion [14,15]. Th is presentation of SONK, similar 
to secondary osteonecrosis, is oft en treated with invasive surgical 
procedures, including core decompression with or without bone 
graft ing, arthroscopy, osteochondral graft ing, high tibial osteotomy, 
or arthroplasty [2,16]. Th is case report describes an orthopaedic 
patient diagnosed with SONK. Aft er fi ve months of conservative 
treatment, the patient was able to walk without pain, and remains 
clinically stable for seven years.

CASE PRESENTATION
A 49-year-old man presented to the outpatient clinic on January 

2009 complaining of excruciating pain of both the medial and lateral 
femoral condyles of his left  knee. His pain began in the medial condyle 
one month prior, increasing in intensity and spreading to the lateral 
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condyle 3 to 4 days before he sought medical attention. Th is pain was 
intermittent during normal walking and aggravated by climbing up 
or down stairs. Th e patient reported no recent injury to his knee and 
is sedentary at home and at work. He has an unremarkable medical 
history, but smokes 20 cigarettes per day.

On physical examination, the patient was afebrile with stable vital 
signs as well as a normal general appearance. Focused examination 
revealed slight eff usion of the left  knee without noticeable muscular 
atrophy or skin discoloration. Palpation of the medial femoral condyle 
elicited pain radiating to the lateral femoral condyle, especially during 
knee fl exion. Th e knee was stable to varus and valgus stress at 30° 
of extension. Th e patient had a negative Lachman’s test, a negative 
posterior drawer, a negative dial test, as well as an intermittently 
positive McMurray’s test. Strength testing was normal at 5/5 for both 
knee fl exion and extension, but knee fl exion was restricted by pain. 
Sensation was intact to light touch in all nerve distributions. Th ere 
was a palpable dorsalis pedis pulse. No long track signs or distal 
edema were detected. 

Blood tests revealed no autoimmune or infectious disease. 
Radiographs of the knee were negative for gross involvement of the 
bone or misalignment (Figure 1). Aft er six weeks of analgesic and 
anti-infl ammatory therapy, symptoms persisted and worsened. At 
this time, an MRI was obtained (Figure 2). 

With a working diagnosis of SONK, conservative treatment was 
initiated with the patient’s consent. His treatment regimen consisted 
of crutch training to reducing weight bearing on the knee, physical 
therapy focused on strengthening the quadriceps and hamstring 
muscles, and non-steroidal anti-infl ammatory drugs. Aft er 5 
months of conservative management, the patient’s symptoms had 
resolved completely. A follow-up MRI, 7 years later, revealed marked 
improvement in the osteonecrotic lesion (Figure 3).

DISCUSSION
Etiology and pathophysiology

In spite of its prevalence, the etiology of SONK is poorly 
understood. No clear medical or genetic risk factors have been 
associated with SONK. SONK most frequently aff ects females over 
65 years of age. Several possible causes have been proposed, including 
subchondral stress in osteopenic bone with insuffi  ciency fractures 
[10,11,17] and meniscal tears [18-20]. Chronic or minor subchondral 
trauma in osteoporotic bone could induce microfractures, leading to 
fl uid accumulation in the intracondylar space, increasing intraosseous 
pressure, leading to vascular compromise, subsequent focal osseous 
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ischemia, and fi nally osteonecrosis [11]. Similarly, meniscal lesions 
have been associated with SONK, where loss of meniscal cartilage 
increases subchondral stress, leading to microfractures and necrotic 
bone in the same way [19,20]. SONK may not be a true osteonecrosis, 
as some authors have reported fi nding no necrotic tissue in aff ected 
condyles of patients diagnosed with SONK [3,20,21]. 

DIAGNOSIS
SONK can be diagnosed based on symptomatic and radiological 

criteria. Th e most characteristic symptoms include unilateral acute 
onset of pain isolated to the medial femoral condyle. Th e lateral 
condyle, tibial plateau, and patella are also susceptible. Small to 
moderate eff usion along with tenderness over the aff ected area is 
typical. Flexion contracture and decreased range of motion secondary 
to pain or eff usion may also be present. In contrast, secondary 
osteonecrosis tends to present with gradual onset of pain, and is 
frequently bilateral [9,22].

Plain radiograph is an inexpensive tool for initial evaluation and 
monitoring disease progression; however, it oft en does not show 
any abnormalities in the early stages  of osteonecrosis [4,23]. Bone 
scintigraphy and Magnetic Resonance Imaging (MRI) are far more 
eff ective for diff erential diagnosis of osteonecrosis. Greyson et al. 
described a three-stage scintigraphic staging study for spontaneous 
osteonecrosis of the femoral condyle [24]. Following these criteria, 
markedly increased focal activity in all three phases is diagnostic for 
acute osteonecrosis. Normal activity in the fl ow-phase and increased 
activity in blood-pool and delayed phases is diagnostic for secondary 
osteonecrosis. MRI is the imaging modality of choice because of high 
sensitivity in detection of bone edema [25] and ability to evaluate 
meniscal and chondral pathology. SONK presents with an MRI pattern 
of subcortical focal loss of signal, along with homolateral meniscal 
degeneration or tearing, and focal deformity of the subchondral plate. 
No demarcation rim is typically observed. In contrast, secondary 
osteonecrosis frequently presents with the demarcation rim, and 
infrequent homolateral meniscal lesions and focal deformity of the 
subchondral bone plate [22]. Th erefore, MRI and bone scintigraphy 
allow diff erential diagnosis of osteonecrosis, distinguishing it from 
diff erent pathologies such as primary osteoarthritis, meniscal tears, 
and pes anserinus bursitis.

In our case, the symptom that led the patient to seek medical 
attention was sudden excruciating pain in the left  knee. Plain 
radiographs revealed no abnormalities. Th e fi rst abnormalities were 
found with an initial MRI, which revealed bone marrow edema and a 
minute fracture in the joint surface of the medial condyle. Subsequent 
MRI revealed enlargement of the fracture (2.2 x3 cm2). 

Treatment: Non-operative

In asymptomatic patients, initial treatments for SONK and 
secondary osteonecrosis are similarly conservative [9]. Th erapy 
includes reduced weight-bearing using crutches or a walker, non-
steroidal anti-infl ammatory drugs, and physical therapy focused on 
strengthening the quadriceps and hamstring muscles. Th e goal of 
conservative treatment is to prevent progression of the disease to 
subchondral collapse. Even in symptomatic patients, continuation 
of conservative treatment is eff ective for SONK patients. Prognosis 
of non-operative treatment depends on lesion size. Smaller lesions 
(less than 3.5 cm2) tend to resolve completely, while large lesions 
(greater than 5 cm2 or involving more than 40% of the condyle) tend 
to progress to subchondral collapse [14,15,26]. 

Treatment: Arthroscopic debridement 

Arthroscopy allows visualization of the aff ected areas, which 
is particularly useful for visualization when there is a question of 
lesion size or coexisting damage (e.g., meniscal tear). Miller et al. 
performed arthroscopic debridement on fi ve patients with idiopathic 
osteonecrosis. At a mean follow-up time of 31 months, four out of 

Figure 1: Anterior to posterior radiograph of left knee at the time of 
presentation.

A) B)

Figure 2: T1-weighted (A) and T2-weighted (B) MRI of left knee after six 
weeks of analgesic and non-steroidal anti-infl ammatory treatment. At this 
time, the patient reported that the pain had progressed and worsened.

Figure 3: T1-weighted MRI of left knee at seven years follow-up after fi ve 
months of non-operative treatment.
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fi ve patients were rated good post-operatively based on the Hospital 
for Special Surgery Rating System. Th e average pre-operative score 
was 52 points and post-operative score was 82 points [27].

Treatment: Core decompression

Th e principle behind core decompression is reduction of 
interosseous pressure via surgical extra-articular drilling of the 
aff ected condyle, promoting restoration of adequate circulation. Core 
decompression is a more conservative approach, which may delay the 
need for total knee arthroplasty. Forst et al. performed this procedure 
and reported immediate relief of pain in 15 out of 16 patients [28]. 
At 36 months follow-up, MRI confi rmed successful normalization of 
bone marrow signal. Th e authors recommended this procedure for 
early osteonecrosis prior to fl attening of the femoral condyle. 

In secondary osteonecrosis, core decompression is similarly 
eff ective in early stages of the disease. Mont et al. compared core 
decompression with non-operative treatment in 79 knees. Th ey 
performed core decompression on 47 knees with Ficat and Arlet 
stage I to stage III secondary osteonecrosis. At a mean follow-up 
time of 11 years, 73% of patients had good to excellent outcomes 
based on Knee Society Scores of 80 points or greater. Radiographs 
showed progression to Ficat and Arlet stage III or IV in 36% of core 
decompression knees, as opposed to 75% of nonoperative knees [29].

In a similar procedure, Goodman and Hwang investigated the 
effi  cacy of local debridement with osteoprogenitor cell graft ing in 
twelve patients with secondary osteonecrosis of the distal femoral 
condyle. Th e premise of the study was to correct the biological 
defi ciency of live osteoprogenitor cells in the subchondral and 
metaphyseal areas of necrotic femoral condyle. Th is procedure 
involved open debridement of the osteonecrotic lesion and drilling in 
at multiple angles, excising easily accessible loose necrotic bone. Th e 
defect was then fi lled with concentrated bone marrow osteoprogenitor 
cells harvested from the iliac crest. At an average follow-up time of 
5 years, Knee Society Score averaged 87 points, and Knee Function 
Score averaged 85 points. Th e investigators recommended this 
procedure for young patients with secondary osteonecrosis of the 
knee prior to collapse of the femoral condyle [30]. 

Treatment: Osteochondral allografts and autologous 
osteochondral transplantation

Osteochondral repair may be used for patients for whom 
conservative treatment has failed. In the past, Bayne et al. 
attempted allograft s for 6 SONK patients and 3 corticosteroid-
induced secondary osteonecrosis patients. Of these, no secondary 
osteonecrosis graft  succeeded and only one SONK graft  was successful 
[31]. Th e authors suspected that continued use of corticosteroids 
led to poor vascularization of the graft  and subsequent subsidence 
in the secondary graft  procedures. For SONK, it was hypothesized 
that the poor compliance of elderly patients resulted in allograft  
fragmentation.

A more promising alternative has been autologous osteochondral 
transplantation. Th is treatment relies on transplanting articular 
cartilage with subchondral bone from less weight-bearing areas 
to the aff ected areas. Th e goal of osteochondral transplantation is 
to fi ll the aff ected area with cylindrical osteochondral allograft s to 
form a congruent hyaline cartilage covered surface. Hangody et al. 
reported good to excellent outcomes in 92% of 789 patients treated 
with femoral condylar implants [32]. Th eir results were calculated 

based on modifi ed Hospital for Special Surgery, modifi ed Cincinnati, 
Lysholm, and International Cartilage Repair society scores.

Treatment: High tibial osteotomy

High tibial osteotomy involves making a transverse cut in the 
proximal tibial metaphysis and removing a wedge of bone to change 
the geometry of the lower limb. Th is procedure seeks to change the 
geometry of the limb in order to reduce the load on the aff ected 
condyle. High tibial osteotomy has had promising results for SONK 
patients. Aglietti et al. followed 31 patients treated with high tibial 
osteotomy, 21 of which had also undergone ancillary bone graft ing. 
At a mean follow-up of 6.2 years, 87% of these patients had successful 
outcomes, and only two knees required arthroplasty [14]. Use of high 
tibial osteotomy is limited in secondary osteonecrosis because these 
patients tend to have tibial or bicondylar femoral involvement [3,9].

Treatment: Unicondylar arthroplasty

Unicondylar arthroplasty has been used with success in SONK 
due to the tendency of the disease to be confi ned to one condyle. 
Th is procedure involves replacing the aff ected femoral condyle and 
associated tibial articular surface. In contrast, this procedure is not 
generally recommended for secondary osteonecrosis if it involves 
both condyles. In a study of 41 SONK patients, Chalmers et al. 
reported an 93% success rate in  unicondylar knee arthroplasty for 
an isolated compartment at both fi ve and ten years follow-up [33]. 
Th is treatment has the advantage of rapid post-operational recovery 
and minimizing eff ects on the cruciate ligaments, patella, and the 
other compartment of the knee. A recent meta-analysis study also 
reported that cemented medial unicondylar knee arthroplasty has 
the same clinical and survival outcome as medial compartment knee 
osteoarthritis when treating SONK [34].

Treatment: Total knee arthroplasty 

Total knee arthroplasty is reserved for late-stage osteonecrosis 
when patients are in severe pain that has not responded to other 
interventions. It is indicated for late-stage secondary osteonecrosis 
with degenerative changes, patients with severe pain, and those 
with functional disability. Th is procedure involves replacing the 
patient’s femoral and tibial articular surfaces. Myers et al. reviewed 
the outcomes of total knee arthroplasty on 148 knees with SONK and 
150 knees with secondary osteonecrosis. Th ey reported successful 
outcomes in 92% of SONK cases and 74% of secondary osteonecrosis 
cases based on Knee Society and Hospital for Special Surgery scores 
[16].

CONCLUSION
We describe a case of successful conservative treatment of SONK. 

In spite of improvements in technique since 1985, it is clear that 
surgical treatment of osteonecrosis is not always met with success. 
It is important to diff erentiate between SONK and secondary 
osteonecrosis. Regarding the medical therapy of osteonecrosis of the 
knee, treatment is similar for both SONK and secondary osteonecrosis 
as long as the patient is asymptomatic. Th is encompasses a 
conservative regimen of partial weight bearing with crutches or a 
walker, non-steroidal anti-infl ammatory medications, and physical 
therapy focusing on strengthening the quadriceps and hamstrings. 
However, when the patient is symptoms, treatment options diff er. 
Conservative measures should be the fi rst consideration for SONK to 
minimizing invasive procedures and optimize long-term outcomes 
for patients.
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CLINICAL MESSAGE
Th e current surgical procedures available for treating SONK 

have mixed results. All physicians, especially orthopedic surgeons, 
should be aware of the expected outcomes for surgical intervention 
in patients with SONK. Initial conservative management may be 
preferable to surgical intervention in some cases.
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