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The term spontaneous osteonecrosis of the knee was first used by 
Ahlbäck1 in 1968. This term, and the acronym SONK 
(sometimes SPONK2), has subsequently been used by 

other authors to refer to an apparent osteonecrosis of the knee, 
most commonly occurring within the medial femoral condyle. 
SONK typically occurs in older women who usually do not 
have the typical osteonecrosis risk factors, such as steroid use, 
sickle-cell anemia, and excessive alcohol intake. Furthermore, 
the radiologic appearance of SONK differs from the typical 
avascular necrosis findings seen with radiography and mag-
netic resonance imaging (MRI). In particular, on MRI, the 
abnormality of SONK does not have the typical serpiginous 
margin of bone infarction, or the double-line sign indicating 
both sclerosis and granulation tissue.3 SONK is normally seen 
as a line of signal intensity on T1- and T2-weighted sequences; 
this line is adjacent to or parallels the subchondral bone with 
an adjacent area of extensive edema. 

There is dispute over the cause of SONK. Yamamoto and 
Bullough4 proposed the lesion is in part a subchondral insuf-
ficiency fracture and staged it into 4 parts. Histologic findings 
suggest at least some SONK lesions are subchondral insufficiency 
fractures.5 Brahme and colleagues6 were the first to describe 
SONK occurring after arthroscopy, and others have documented 
this finding. The condition has also been referred to as osteonecrosis 
in the postoperative knee.7-13 An association of postoperative SONK 

with cartilage loss and meniscal tear has been proposed.7-13

We reviewed the clinical, radiologic, and MRI findings in 
11 patients with evidence of postarthroscopy SONK to try 
to identify any risk factors that might predispose them to 
poor outcomes. Our study population consisted of 11 patients  
(12 knees) with SONK; 6 of the knees had the lesion before 
knee arthroscopy, and the other 6 developed the lesion after 
arthroscopy. We also considered MRI findings in a group of  
11 age- and sex-matched patients who underwent knee ar-
throscopy and did not have or develop SONK. We reviewed 
the preoperative MRI findings of both groups for meniscal tear, 
meniscal extrusion, and cartilage loss. We had 2 hypotheses. 
First, patients with preoperative MRI findings of SONK would 
have articular cartilage changes, posterior root degeneration, 
and meniscal extrusion similar to those of patients who devel-
oped SONK after arthroscopy. Second, an age- and sex-matched 
group of patients who underwent arthroscopy and did not 
develop SONK would be similar in articular cartilage changes, 
posterior root degeneration or tear, and meniscal extrusion.

Materials and Methods
With institutional review board approval and waived informed 
consent, we reviewed all imaging studies, particularly the ra-
diographs and MRI studies, of 11 patients (12 knees) who 
either had SONK before arthroscopy or developed it after ar-

Abstract

Authors’ Disclosure Statement: The authors report no actual or potential conflict of interest in relation to this article. 

Reports in the literature have suggested a causal relation-
ship between knee arthroscopy and spontaneous osteo-
necrosis of the knee (SONK).

We conducted a study to determine if there are imag-
ing characteristics associated with SONK and if there is a 
relationship between arthroscopy and SONK. In this retro-
spective review, we compared preoperative and postoper-
ative findings in 11 patients (12 joints) who developed SONK 
after arthroscopy with findings in 11 age- and sex-matched 
controls who did not develop SONK after arthroscopy.

There were no significant preoperative radiologic differ-

ences between the SONK and control groups. All 12 SONK 
lesions seen on magnetic resonance imaging were in the 
medial femoral condyle. Six SONK knees developed the 
lesion after arthroscopy, and 6 had SONK lesions before 
arthroscopy. Eleven of the 12 SONK knees had a medial 
meniscal tear, compared with 8 medial meniscal tears and 
3 lateral meniscal tears in the control group. Eight SONK 
knees and 5 control patients had medial meniscal extru-
sion of more than 3 mm.

A causal relationship between knee arthroscopy and 
SONK is questionable.AJO 
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throscopy. In all these cases, arthroscopy was performed to 
alleviate mechanical symptoms associated with meniscal tear.

On subsequent review by a musculoskeletal radiologist,  
6 patients with SONK had an identifiable lesion before sur-
gery. All patients’ symptoms had not improved with an earlier 
trial of conservative management. All preoperative and post-
operative radiologic and MRI findings were reviewed. The 
patient group was assembled by writing to all the orthopedic 
surgeons who performed arthroscopy at our institution and 
asking for SONK cases seen in their practices. All but 2 cases 
were performed by a surgeon who treated a predominantly 
older, less active population. Clinical notes were reviewed for 
outcomes, and the musculoskeletal radiologist reviewed all 
radiologic studies. The 4 men and 7 women in the SONK group 
(1 woman had bilateral knee lesions) ranged in age from 43 to 
74 years (mean, 63.8 years), and the 4 men and 7 women in 
the control group were age-matched to 43 to 75 years (mean, 
63.6 years). The controls were chosen from a pool of patients 
who underwent knee arthroscopy at our institution.

MRI was performed using General Electric 1-T, 1.5-T, or 
3-T magnets (GE Healthcare, Milwaukee, Wisconsin) or using 
Philips 1.5-T or open 0.7-T magnets (Philips Healthcare, An-
dover, Massachusetts). Imaging included sagittal and coronal 
proton density–weighted sequences and coronal and axial fat-
suppressed T2-weighted sequences. SONK was diagnosed when 
a low signal line adjacent to the subchondral bone plate on the 
femoral or tibial condyles was present with an adjacent area of 
bone marrow edema in the respective condyle or when there 
was depression of the subchondral bone plate with adjacent 
edema. The MRI studies were reviewed for lesion location, and 
medial meniscus and lateral meniscus were reviewed for tear. 
Type of meniscal tear (horizontal cleavage, radial, complex 
degenerative) was documented, as was meniscal extrusion. 
The meniscus was regarded as extruded if the body extend-
ed more than 3 mm from the joint margin. Cartilage in the 
medial and lateral compartment was reviewed according to a 
modified Noyes scale listing 0 as normal, 1 as internal changes 
only, 2A as 1% to 49% cartilage loss, 2B as 50% to 90% loss 
of articular cartilage, 3A as 100% articular cartilage loss with 
subchondral bone plate intact, and 3B as 100% articular carti-
lage loss with ulcerated subchondral bone plate.14 Osteoarthritic 
severity was similarly classified using the 
Kellgren-Lawrence scale,15 where grade 0 
is normal; grade 1 is unlikely to have nar-
rowing of the joint space but potentially 
has osteophytic lipping; grade 2 has both 
definite narrowing of the joint space and 
osteophytes; grade 3 has narrowing of the 
joint space and multiple osteophytes, some 
sclerosis, and possible deformity of bone 
contour; and grade 4 has marked narrow-
ing of the joint space, large osteophytes, 
severe sclerosis, and definite deformity of 
bone contour. Follow-up clinical notes and 
radiologic studies were reviewed in the as-
sessment of patient outcomes.

All statistical analyses were performed with SAS 9.2 soft-
ware (SAS Institute, Cary, North Carolina). Age data were 
evaluated with the Shapiro-Wilk test and graphical displays 
and were found to violate normality assumptions, so they are 
presented as medians and ranges; other variables are presented 
as count and column percentages. The Wilcoxon rank sum test 
was used to compare the 2 groups’ age distributions. Fisher 
exact tests were used to compare proportions between the  
2 groups for the other variables. Statistical significance was 
set at P < .05.

Results 
Table 1 lists the demographics and imaging characteristics 
of the 11 patients—6 had SONK before arthroscopy and 6 
developed it after arthroscopy. Comparison of the 11 patients  
with SONK and the 11 controls is summarized with P val-
ues in Table 2. Representative cases that either presented 
before surgery or developed after surgery are shown in 
Figures 1 to 4. There were 6 prearthroscopy lesions and 
6 postarthroscopy lesions—all 12 in the medial femoral con-
dyle. Eleven of the 12 knees had a medial meniscal tear, and  
1 knee had both medial and lateral meniscal tears. In 8 of the  
12 knees, the lateral meniscus was normal; in 2 knees, it had 
mild degeneration; and, in 1 knee, it had a complex tear. As-
sessment of hyaline cartilage revealed medial cartilage loss 
ranging from 2A to 3B (median, 2B) in the patients with SONK, 
and lateral cartilage loss ranging from 0 to 2A (median, 0). 
At surgery, all knees had a partial medial meniscectomy, and 
6 had a partial lateral meniscectomy. Ten of the 12 knees had 
chondroplasty, 9 patellar and 5 of the medial femoral condyle. 
Only 4 of the 11 patients with follow-up of more than 1 year 
went on to joint replacement. Six of the 12 had follow-up of 
more than 2 years. Of the 6 patients without an identifiable  
SONK lesion on MRI before arthroscopy, 4 had mild to moder-
ate knee pain 0.5, 2.4, 3.5, and 4 years after surgery. For the 
other 2 patients, knee replacement was performed 1.5 and 
1.8 years after surgery. Of the 6 patients with prearthroscopy 
SONK, 4 had mild to moderate knee pain 1.5, 3.7, 6.5, and  
6.8 years after surgery; the other 2 had knee replacement  
0.5 and 1.8 years after surgery. Articular cartilage degeneration 
and meniscal extrusion were similar (Table 1). In the control 

Table 1. Comparison of Patients With Spontaneous Osteonecrosis 
of the Knee (SONK) Before Arthroscopy and Patients Who 
Developed SONK After Arthroscopy

SONK Before Arthroscopy 
(n = 6 knees)

SONK After Arthroscopy 
(n = 6 knees)

Age, y 46-71 (median, 69) 43-74 (median, 69)

Sex 2 men, 4 women 2 men, 4 women

Side 3 right, 3 left 4 right, 2 left

Medial meniscus tear All 6 posterior 5 posterior

Articular cartilage grade 2A (3), 2B (1), 3A (1), 3B (1) 2A (5), 2B (1)

Extrusion 5 4
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group, there was only 1 knee replacement, at 3 years, and 
the other 11 were functioning 2.6 to 5 years later. The longer  
follow-up resulted from selection of appropriate controls from 
the same year. Of the 6 SONK lesions found on preoperative MRI,  
3 were read by the interpreting radiologist before surgery as  
possible SONK lesions, 2 were read as insufficiency fractures, 
and 1 was read as a possible insufficiency fracture.

Discussion
SONK is well described as a complication of arthroscopic knee 
surgery. However, this condition more commonly appears 
spontaneously in a population that has not had surgery. It 
has become clear that the term SONK may 
be misleading.16 In a recent series of post-
operative subchondral fractures reported 
by MacDessi and colleagues,5 the average 
age of patients included in their study was 
64 years. Pathologic analysis revealed sub-
chondral fracture with callus formation in 
all cases. Only 2 knees had evidence of os-
teonecrosis, which appeared to be second-
ary to the fracture. Based on these findings, 
the authors concluded that “further investi-
gation into the etiology of this condition is 
warranted.” A prominent association with 
medial meniscal tear has been noted, with 
the medial femoral condyle predominantly 
affected. As already mentioned, SONK dif-
fers from classical avascular necrosis on 
several points, including lack of the typi-
cal avascular osteonecrosis risk factors and 
absence of the serpiginous margin and 
double-line sign seen with typical bone 
infarction. In addition, the SONK lesions 
seen on radiographs and MRIs of the knee 
typically are in the medial femoral condyle 
and are very different from the typical area 
of infarction seen in patients with known 
risk factors for secondary osteonecrosis. 

The cause of SONK is not known. Of 
more importance from a medicolegal 
standpoint is that these lesions are not 
necessarily related to arthroscopy.17 Inter-
estingly, Pape and colleagues17 noted that 
some of the lesions they studied may have 
been present before surgery, which is what 
we found in 6 (50%) of the SONK knees in 
our study. Our data thus support the propo-
sition that some SONK lesions are present 
before arthroscopy, and some cases of so-
called postarthroscopy SONK may in fact 
have been progressing before surgery. 

Our data also reinforce the importance 
of radiologist–orthopedic surgeon com-
munication regarding the presence of 
SONK. We emphasize the importance of 

communicating the MRI findings clearly, whether the lesion 
is called SONK, SPONK, or insufficiency fracture. The orthopedic 
surgeons in our series may have been unaware of the presence 
of these lesions before arthroscopic meniscectomy, given the 
wide variety of terms being used in radiologic reports. 

The natural history of spontaneous osteonecrosis of the 
medial tibial plateau has also been studied.18 There were 
3 outcome patterns—acute extensive collapse of the medial 
tibial plateau, rapid progression to varying degrees of osteo-
arthritis, and complete resolution. It has been shown that 
resolution of SONK can occur in the early stages of the dis-
ease, within several months, but often the changes progress  

Table 2. Univariate Test Results: Comparison of Arthroscopy 
Controls and Arthroscopy Patients With Spontaneous 
Osteonecrosis of the Knee (SONK)

Median (Range) or N (%)

Controls (n = 11) SONK (n = 11) P

Age, y 67.0 (32.0) 66.0 (31.0) >.99

Sex
   Female
   Male

7 (63.6%)
4 (36.4%)

8 (66.7%)
4 (33.3%)

>.99

Side
   Left
   Right

4 (40.0%)
6 (60.0%)

5 (62.5%)
7 (58.3%)

>.99

Medial meniscus tear
   No
   Yes

3 (27.3%)
8 (72.7%)

1 (8.3%)
11 (91.7%)

.3168

Lateral meniscus tear
   No
   Yes

8 (72.7%)
3 (27.3%)

11 (91.7%)
1 (8.3%)

.3168

Extrusion
   Medial
   None

5 (45.5%)
6 (54.6%)

8 (66.7%)
4 (33.3%)

.4136

Kellgren-Lawrence
   0
   1
   2
   3
   4
   5

3 (27.3%)
1 (9.1%)

0
4 (36.4%)
3 (27.3%)

0

1 (8.3%)
3 (25.0%)
2 (16.7%)
2 (16.7%)
3 (25.0%)
1 (8.3%)

.4261

Medial cartilage
   0
   2A
   2B
   3A
   3B

2 (18.2%)
1 (9.1%)

5 (45.5%)
3 (27.3%)

0

0
4 (33.3%)
6 (50.0%)
1 (8.3%)
1 (8.3%)

.2292

Lateral cartilage
   0
   1
   2A
   2B
   3A

5 (45.5%)
1 (9.1%)
1 (9.1%)
1 (9.1%)

3 (27.3%)

10 (83.3%)
1 (8.3%)
1 (8.3%)

0
0

.1346
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to bone destruction and articular cartilage collapse.19

In our series of patients, there was a female predominance, 
and mean age was 64 years. We investigated cartilage loss, 
meniscal tear, and meniscal extrusion to see if we could predict 

outcomes in patients who had the lesion before arthroscopy 
and if we could predict who might be at risk for developing the 
lesion after arthroscopy. Type of surgical procedure was also 
reviewed. For the sake of simplicity, we divided the follow-
up patients into 2 groups: those managed with conservative 
treatment, which we deemed a reasonable outcome, and those 
who subsequently required knee joint replacement, which we 
deemed a poor outcome. As seen from our representative cases, 
both groups had patients with cartilage loss, meniscal tear, 
and meniscal extrusion to varying degrees. There were no risk 
factors pointing to a reasonable or poor outcome. In the group 
of patients with prearthroscopy lesions, we found the same 
problem. We were unable to identify a risk factor that might 
suggest a poor rather than a reasonable outcome. We must also 
emphasize that, in our review of patient charts, we could find 
no other causes for osteonecrosis. In particular, arthroscopic 
causes of acute chondral loss (eg, thermal wash, laser, bupiva-
caine pain pumps, epinephrine in irrigant) were not identified. 

This study consisted of a series of cases managed at our 
institution over the past 8 years. Our data and this study had 
several limitations:

◾◾ We may have been unable to identify other SONK cases that 
belonged in the group from our institution. In addition, we 
had only 11 patients for comparison with patients with-
out SONK. Likewise, there were only 6 knees each in the 
prearthroscopy and postarthroscopy SONK groups. We also 
used images obtained from 1-T, 1.5-T, and 3-T closed MRI 
devices and one 0.7-T open device. These were, however, at 
the same institution.

Figure 1. Patient: 68-year-old woman. (A) Fifteen days before 
arthroscopy, coronal fat-suppressed T2-weighted magnetic 
resonance imaging (repetition time [TR] 3000 ms, echo time [TE] 
56 ms, echo train length 4) of right knee shows extrusion of me-
dial meniscus (short arrow) secondary to radial tear in posterior 
horn. Note fracture of subchondral bone plate of medial femoral 
condyle (large arrow), extensive edema of medial femoral condyle 
(thin arrows), and some edema of medial tibial plateau (thin ar-
rows). Appearance is consistent with preoperative spontaneous 
osteonecrosis of knee. (B) Four years 9 months (1756 days) after 
arthroscopy, coned-down standing anteroposterior radiograph 
shows small sclerotic area in medial femoral condyle (thin arrows). 
Note mild narrowing of medial joint space and marginal spurring 
of medial tibial plateau (large arrow). Outcome was reasonably 
good, with no total knee arthroplasty more than 6 years after 
initial arthroscopy.

Figure 2. Patient: 64-year-old woman. (A) Thirty-two days before arthroscopy, coronal proton density–weighted magnetic resonance 
imaging (MRI) (repetition time [TR] 3000 ms, echo time [TE] 12.416 ms, echo train length 6) of right knee shows spontaneous osteone-
crosis of knee (SONK) lesion with low signal line adjacent to weight-bearing surface of medial femoral condyle (thick arrow). Note some 
loss of cartilage on medial femoral condyle (thin arrow) and prominent extrusion of medial meniscus (curved arrow) secondary to radial 
tear in posterior horn of meniscus. Appearances are consistent with preoperative SONK. (B) Coronal fat-suppressed T2-weighted MRI 
(TR 3250 ms, TE 87.04 ms, echo train length 12) shows low signal line (thick arrow) and extensive edema in medial femoral condyle and 
vastus medialis (thin arrows) and minimal edema in medial tibial plateau (thin arrow). Note extrusion of medial meniscus (curved arrow). 
(C) Three months (97 days) after arthroscopy, coned-down standing anteroposterior radiograph shows complete loss of joint space in 
right medial compartment (long arrow) and subchondral collapse of medial femoral condyle in area of SONK shown on MRI (short ar-
rows). Note tibia in mild varus as well as mild lateral subluxation of right tibia on femur. Outcome was poor, with total knee arthroplasty 
required 5.5 months after arthroscopy.
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◾◾ Timing of our imaging was not uniform. In particular, in 
3 of the patients who developed SONK after arthroscopy, 
preoperative MRI studies were performed quite some time 
before surgery. However, in these patients, more recent pre-
operative radiographs did not show any evidence of lesions. 
It can also be seen that postarthroscopy follow-up of patients 
varied. It is possible that, on longer follow-up, some of the 

cases we classified as having a reasonable outcome may have 
gone on to require total knee arthroplasty. One could argue 
that, in the patient who developed SONK within 1 year after 
surgery (Figure 4), the lesion was not related to the surgery. 
However, this patient’s radiographs 3 months after surgery 
did not show the SONK lesion but clearly showed prominent 
medial joint space narrowing—a new finding.

◾◾ Only 1 musculoskeletal radiologist evaluated the radio-
graphs, MRIs, and tomosynthesis (similar to computed to-
mography) studies for this investigation.

◾◾ This lesion is not common, thus giving us a small group 
to analyze.

Despite our data limitations and the retrospective nature of 
this study, we compiled a reasonably representative sample of 
surgical SONK patients that matches other samples reported 
in the literature. Unfortunately, we could not identify any 
risk factors pointing to the likelihood of developing SONK 
or any risk factors pointing to either a reasonable or a poor 
prognosis in these patients. The etiology of the lesion remains 
an enigma. Our finding 6 cases of prearthroscopy lesions that 
did not necessarily result in a poor outcome, combined with 
our inability to identify any risk factors for SONK, points to 
the lack of a causal relationship with arthroscopy.

Dr. Chambers is Resident Physician, Department of Orthopaedic 
Surgery, Feinberg School of Medicine, Northwestern University, Chi-
cago, Illinois. Dr. Craig is Senior Staff Musculoskeletal Radiologist, 
Department of Radiology, Henry Ford Hospital, Detroit, Michigan; 
and has obtained the Fellowship of the Royal Australian and New 
Zealand College of Radiologists. Dr. Craig is also certified by the 
American Board of Radiology. Dr. Zvirbulis is Senior Staff Orthopae-
dic Surgeon, Department of Orthopaedics, Henry Ford Hospital, 

Figure 3. Patient: 64-year-old woman. (A) Seventy days before arthroscopy, coronal fat-suppressed T2-weighted magnetic resonance 
imaging (MRI) (repetition time [TR] 5000 ms, echo time [TE] 82.94 ms, echo train length 10) of left knee shows mild edema in medial 
femoral condyle (straight arrows) with no evidence of spontaneous osteonecrosis of knee (SONK). Note mild extrusion of medial menis-
cus (curved arrow) secondary to diffuse degeneration and tear of posterior horn and body. (B) Six months (181 days) after arthroscopy, 
dedicated coronal tomosynthesis section shows SONK lesion on weight-bearing surface of medial femoral condyle. Note fractured 
subchondral bone plate (thick arrows) and marginal sclerosis of lesion (thin arrows). (C) Ten months (321 days) after surgery, coronal fat-
suppressed T2-weighted MRI (TR 4500 ms, TE 81.98 ms, echo train length 10) shows minimal edema in medial femoral condyle (curved 
arrow), minimal irregularity of subchondral bone plate (thin arrow), and suggestion of 2 small geodes (thick arrows). Although SONK 
developed after surgery, outcome was reasonable, with no total knee arthroplasty almost 2.5 years after arthroscopy.

A B C

Figure 4. Patient: 68-year-old woman. (A) Twenty-five days before 
arthroscopy, coronal fat-suppressed T2-weighted magnetic 
resonance imaging (repetition time [TR] 4000 ms, echo time [TE] 
87.68 ms, echo train length 12) of right knee shows no evidence 
of spontaneous osteonecrosis of knee (SONK). Note irregularity 
of hyaline cartilage (arrows). (B) One year 1 month (404 days) after 
arthroscopy, coned-down standing anteroposterior radiograph 
shows SONK lesion on weight-bearing surface of medial femoral 
condyle with fracture through subchondral bone plate (arrows). 
Three months (111 days) after arthroscopy, radiographs (not il-
lustrated) showed a knee effusion with clear narrowing of medial 
joint space but no evidence of SONK. Outcome was poor, with 
unicompartmental knee arthroplasty required 1 year 10 months 
after initial arthroscopy.
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