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ARTICLE INFO ABSTRACT

Keywords: Background/aim: We try to investigate the association between patterns of imaging findings in patients who had a
SONK diagnosis of subchondral fracture around the knee, formerly known as SONK and their clinical outcome.
Insufficiency fracture Materials and methods: We retrospectively identified 43 knees of 37 patients (28 males, 15 females) who had
&‘:Imﬂar Decrosis diagnosis of subchondral fractures around the knee. The mean age is 56-year-old (range 17-83). Musculoskeletal
fellowship trained radiologist evaluated all 43 knee MRI in: 1)location of marrow edema 2)peri-osseous edema;
3) subchondral fracture line; 4) subchondral articular surface contour; 5)meniscal tear and extrusion; 6)adjacent
soft tissue edema; 7) joint effusion. Independent clinical chart review was performed for clinical outcome with
follow up time average of 13.3 months (range 0-88 months). Bad outcome was defined as worsening on imaging,
continued complaint with surgical management and knee replacement or another episode of SONK. Chi-square
analysis and Student’s T tests were conducted to test the statistical significance of association between MR
findings and outcomes. Statistical significance was set at p = 0.05 level.
Results: Of 43 knees, 6 patients had another episodes of SONK (14%), 11 patients were not improving or needed
injection vs arthroscopy (26%), 4 patients required arthroplasty (9%), 22 patients had no negative outcome
(51%). Gender, age, diabetic status, and location of the subchondral fracture show no influence on outcome.
Worse outcome group had a significantly higher average BMI (31.7 vs. 28.0, P = 0.02). Positive change of
subchondral articular surface contour is the only imaging finding with positive association with worse outcome
(80% vs. 39.9%, P = 0.02). Presence of positive findings of above 3), 4), 5) and 6) had higher percentage of bad
outcome (77.8%) compared to those with less positive findings (47.2%).
Conclusion: MR imaging findings may help at identifying SONK patient with potential risk of developing bad
outcome.

1. Introduction

Spontaneous osteonecrosis of the knee (SONK) is a disorder first
described in the literature by Ahlback in 1968 as a sudden onset of knee
pain predominantly seen in middle aged or elderly female population.’
Although the etiology of SONK is still not fully understood, Yamamoto et
has suggested that osteoporosis will result in subchondral insufficiency
fractures, that will ultimately lead to osteonecrosis, corresponding to the
series of histopathological finding, separating this entity from avascular
necrosis, which appears to be a secondary cause rather than the primary
inciting element.” Patients usually present with acute knee pain,
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without history of trauma. The pain is accentuated with weight bearing,
and if left untreated subchondral collapse will ensue, followed by sec-
ondary OA and immanent knee replacement.*>

Although radiographs are used for the initial evaluation of SONK
cases, it is usually normal in the acute phase. Nevertheless, with the
progression of the disease, lesions can become conspicuous, manifested
as radiolucent areas with sclerotic halo and subtle flattening of the
articular surface. In advanced cases, subchondral collapse and second-
ary osteoarthritis can ensue.®° The Koshino grading system was the first
to be implemented about this entity, in 1979. Based on the integrated
clinical and radiographic findings, it consists of four stages: Stage 1:
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Table 1
Demographic summary of the studies and the statistical differences between the
two groups.

No Negative outcome (22) Unfavorable outcome (21) p value
Age 57.2 (£12.8) 55.4 (+£2.74) 0.62
Female 8 (36.4%) 7 (33.3%) 0.84
BMI (kg/m?)  28.0 (+4.5) 31.7 (£5.7) 0.02
Diabetes 4 (18.2%) 3 (14.3%) 0.73

Symptomatic patients with normal radiographs. Stage 2: The presence of
flattening of the bone and subchondral cysts with sclerotic margins.
Stage 3: Resultant subchondral collapse and progression of the sub-
chondral cysts. Stage 4: Development of osteoarthritis.®

On the other hand, as suggested by Aglietti et al. MR imaging is
rendered higher in sensitivity than radiographs, offering high contrast
resolution. The bone marrow edema is apparent on MRI within 48 h
from the onset of the disease.” '! Serpiginous subchondral low signal
intensity band with intense surrounding bone marrow edema are the
correspondence of the radiolucent areas with sclerotic halo seen on the
radiographs. Similar to radiographs, subchondral collapse, resultant
osteonecrosis, and saucerized defect of articular surface are the features
of progressive disease.' %! Despite the fact that MR imaging has been
regarded as the superlative modality for early diagnosis, there has been
limited data in the literature exploring useful imaging characteristics for
outcome prediction.'* ¢ Although, the size of the lesions on T2
weighted images (T2WI) is the recognized predictor of outcome, its
accuracy is abated by several other pathologies, compelling further
research in this area.

The prognosis of SONK can vary from complete recovery with con-
servative management to bone destruction requiring arthroplasty,
rendering early diagnosis imperative.'! The size of the lesions appear to
play a major role, thus lesions more than 5 cm? on radiographs are
considered as a poor prognostic sign and require surgical intervention as
they are prone to condylar collapse, whereas lesions less than 3.5 cm are
usually managed conservatively with non-steroidal anti-inflammatory
drugs, analgesics, bisphosphonates and protected weight bearing.®'? A
cohort study of 40 patients of SONK, suggested that patients who had
lesions greater than 40% of the affected femoral condyle on radiographs,
tend to require a knee prosthesis, whereas none of patients whose lesion
was less than 20% of the condyle, required surgery.'®
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Beside the lesions size and the percentage of bone involvement,
surgical intervention is reserved for patients who failed the conservative
treatment over the period of 3 months.® Surgical options include: 1)
Joint-preserving surgical techniques i.e. arthroscopic meniscal tear re-
pairs, core decompression, and osteochondral autograft. 2) Joint
arthroplasty.® However, patients who have progressed to subchondral
collapse may benefit more from osteochondral autograft as it aids in the
restoration of the cartilage surface. While, osteochondral autografting is
rendered useful in cases of subchondral collapse, high tibial osteotomy is
preferred for the younger population as well as the uni-compartmental
knee arthroplasty (UKA) for cases of uni-compartment osteoarthritis.
Totally knee arthroplasty is reserved as the last resort when all methods
have failed or in cases of multi-compartmental extensive disease.®

The purpose of this study is to investigate the relationship between
the MRI patterns and clinical outcome of patients with subchondral
fracture. The potential of MR Imaging at helping to gauge the risk of
clinical progression in patients with SONK is valuable. Careful and close
follow up with more aggressive treatment can help certain groups of
patients to minimize their risk.

2. Material and method

This retrospective study was approved by the institutional review
board approval. Written informed consent was waived owing to the
retrospective nature of the study.

2.1. Study subjects

We retrospectively investigated subjects diagnosed with subchondral
fractures from January 1, 2009 to August 20, 2014. The definition of
subchondral fracture was bone marrow edema in the subchondral area
around the knee regardless of the presence of a fracture line on knee MRI
in a patient presented clinically with sudden onset of pain without a
major trauma. Additional demographic information including age,
gender, body mass index (BMI), and co-morbidity such as diabetic status
was recorded. BMI was calculated by dividing the weight in kilograms
by the height squared in meters (kg/m?2).

2.2. MR imaging protocol

MR imaging were obtained at our institution on either 1.5T or 3T

Fig. 1. Coronal and Sagittal STIR images of the right knee showing extensive marrow edema, involving the medial condyle, and extending into the inter-

condylar region.
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Fig. 2. Coronal STIR image of the right knee, showing subchondral fracture of
medial femoral condyle with extensive marrow edema of the medial femoral
condyle and marrow edema around medial tibia.

Fig. 3. The change of the subchondral articular surface contour was the only
imaging finding in isolation associated with poor outcome.
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Table 2

Summary of the MRI findings in both groups.
MRI findings negative positive p value
subchondral low signal band 37.5(3/8) 51.4 (18/35) 0.48
subchondral articular contour irregularity 39.4 (13/33) 80.0 (8/10) 0.02
meniscal tear/extrusion 42.9 (6/14) 51.7 (15/29) 0.59
soft tissue edema 57.1 (4/7) 47.2 (17/36) 0.63
joint effusion 42.1 (8/19) 54.2 (13/24) 0.43
>2 bone marrow edema 52.9 (18/34) 33.3(3/9) 0.3

Numbers represent unfavorable outcome percentage of each MR imaging find-
ings.
Numbers in parenthesis indicate actual number of cases.

Fig. 4. Power of Combination of MR findings at predicating outcome: Sub-
chondral fracture line, Subchondral articular surface contour change, meniscal
tear/extrusion, Soft tissue edema.

units. All MRI studies included the following sequences: Axial proton
density (PD) with fat suppression (FS), coronal proton density with fat
suppression, sagittal proton density, and sagittal T2 with fat
suppression.

2.3. Image interpretation

Images were reviewed by a fellowship trained musculoskeletal
radiologist with 6 years of experiences. The following MR features were
evaluated: 1/location of marrow edema; 2/peri-osseous edema; 3/sub-
chondral fracture line; 4/Subchondral articular surface contour; 5/
meniscal tear and extrusion; 6/adjacent soft tissue edema and 7/joint
effusion.

Peri-osseous edema was defined as a high signal intensity along the
peri-osseous area on fluid sensitive sequences, while subchondral frac-
ture line was considered to be present if there was a low signal intensity
band in the subarticular area on any sequence. In addition, irregularity
of the articular surface on any sequence was un articular surface contour
irregularity. Meniscal extension beyond the tibial margin was regarded
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as an extrusion. High signal in soft tissues surrounding the knee and the
presence of joint effusion were also evaluated. We classified the location
of bone marrow edema (BME) to four anatomical sites (lateral and
medial femoral condyles and medial and lateral tibial condyles) based
on the most noted locations of the edema. We subsequently, investigated
if the number of the involved areas in bone marrow edema had a sig-
nificant impact on the clinical outcome (1 BME vs. >2 BME).

2.4. Clinical outcome

Clinical outcomes of all subjects were reviewed using their medical
record independently. And the average follow-up time is about 13.3
months (range 0-88 months). The following scenarios were regarded as
an unfavorable outcome: 1) Worsening pain or radiological progression
of disease on subsequent imaging studies despite conservative treatment
2) Knee replacement 3) Development of a new subchondral fracture.

2.5. Statistical analysis

To test the statistical significance of the association with the out-
comes. Student t-test was conducted for numerical variables and chi-
square analysis was used for the MR imaging findings. We have set P
value of less than 0.05 to be statistically significant.
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Fig. 5. Examples of radiological progression of the
disease. Theme 1: A new episode of SONK. Coronal
STIR images showing: (A) Left knee medial femoral
condyle subchondral fracture on 9/20/2013. (B)
Right knee medial femoral condyle subchondral
fracture on 5/21/2015. Theme 2: Worsening symp-
toms. Coronal STIR images showing: (A) Left knee
medial femoral condyle subchondral fracture on
November 7, 2011. (B) Left knee medial femoral
condyle decreasing edema but worsening sub-
chondral collapse and worsening osteoarthritis on
September 3, 2012.

3. Results

Our study included 43 knee MR exams from 37 patients. Of the 37
patients, 22 were males while 15 were females, with an average of 56
years for age (range: 17-83 years). Of the 43 knees, 51.6% (22 of 43) had
no negative outcome. As to the remaining 48.4% (21 of 43), 6 patients
(14%) had another episode of subchondral fracture during the follow up
period; 11 patients (26%) did not improve symptom wise or needed
treatment in the form of steroid injection vs. arthroscopy, while 4 pa-
tients (9%) underwent total knee arthroplasty during the follow up
period. These studies were labeled as with an unfavorable outcome.

Demographic summary of the studies and including the statistical
differences between these two groups are shown in (Table 1). BMI was
significantly higher in the group of unfavorable outcomes in comparison
to the group with no negative outcome (28.0 vs 31.7, p = 0.02). Except
for BMI, no other statistically significant demographic features were
found.

Of MR imaging features, all subjects had periosseous edema adjacent
to the fractures site (Figs. 1 and 2). BME was present at one site in 34
studies, while in 9 studies, it was involving two sites, of which 52.9%
and 33.3%, progressed to have an unfavorable outcome respectively,
delineating no significant difference between them (p = 0.30).

Only subarticular contour irregularity had a positive association with
the unfavorable outcome (39.4% vs 80.0%, p = 0.02) (Fig. 3). No other
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Fig. 6. (A) A right knee radiograph on 12/18/2012. (B) Coronal STIR image of the right knee showing medial femoral condyle subchondral fracture on 12/20/2012.
(C) A right knee radiograph on 2/25/2013, post total knee replacement due to continued pain.

MRI findings were found to have significant differences between the two
groups (Table 2).

Upon combining the four MR imaging findings: subchondral low
signal intensity band (fracture line), subchondral articular contour ir-
regularity, meniscal tear and soft tissue edema in one knee, a higher
percentage of poor outcome has resulted; (77.8%) compared to those
with less positive findings (47.2%) (Fig. 4).

4. Discussion

In our study, we have found that when we combine multiple key MR
features of subchondral fracture, change of subchondral articular sur-
face contour, presence of meniscal tear/extrusion and adjacent soft tis-
sue edema (Figs. 1 and 2), there is higher percentage of unfavorable
outcomes (77.8%), compared to those with less positive findings
(47.2%). A higher BMI was another significant negative prognostic
factor.

In the literature, approximately 80% of SONK patients recover
clinically with conservative treatment, while some require surgical in-
terventions.'' In our study 16.3% (7 of 43 knees) had total knee
arthroplasty.

Subchondral insufficiency fracture has been recognized as an early
pathological finding along with marrow edema that can result in
osteonecrosis due to the ischemia. Histological evidence of fractures and
new bone formation within the lesion implies that osteonecrosis does
not seem to be the cause of the disease.>'” This theory makes it easier to
understand the reason why prognosis of SONK can be diverse, differ-
entiating it from avascular necrosis which usually mandates surgical
intervention.

On radiograph, the lesion’s size correlates negatively with clinical
outcome based on literature.® However, radiograph has much low
sensitivity of diagnosing SONK compared to MRI. Though, a recent
article on use of tomosynthesis, has suggested a perilesional disorga-
nized trabecular texture, to be associated with arthroplasty.!” Varus
deformity was also reported as a poor prognostic factor.'!

On the other hand, although MRI is widely used and recognized as
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useful tool for early diagnosis for SONK, there is relatively limited re-
ported data on imaging findings relationship with clinical outcome.'*°
Lecouvet et al. reported that thick low signal intensity in subchondral
area on T2 weighted image and focal epiphyseal contour depression
were related to early irreversible osteonecrosis outcome.'* In another
article evaluating 19 cases of transient recovery of SONK, Yates et al.
found only 1 case to have focal epiphyseal contour depression and
concluded absence of epiphyseal contour depression to be an indicator
for benign prognosis.'® Both articles were consistent with our results
that subchondral articular contour irregularity on MRI to be signifi-
cantly associated with unfavorable outcome (Figs. 5 and 6).

In relatable studies involving the femoral head, articular surface
collapse was considered as predictor for subchondral insufficiency
fracture of the femoral head.'® 2° Iwasaki et al. reported that all patients
with a collapsed articular surface needed surgery'®, while 50% of pa-
tients with less than 2 mm collapse to required surgical intervention as
well.'” Hackney et al. has considered fracture morphology i.e. surface
irregularity as a prognostic factor; thus loss of femoral head sphericity
represents increased collapse and instability, leading to disease pro-
gression.'®?° This could be applied to the knee joint and support our
results. Loss of congruity of joint surface increase mechanical stresses at
the site and may result in further collapse. Compared to radiographs,
MRI is superior for morphological, 3-dimensional assessment of the
articular contour of the knee joint, rendering it a better tool for outcome
predictor for SONK cases.

Subchondral low signal intensity band has been regarded as a frac-
ture line, though this is not required for diagnosis of subchondral frac-
ture. In our study, the presence or absence of a fracture line had no major
impact on prognosis. Also, the relationship between meniscal tear and
SONK was well reported but the effect on prognosis has not been well
understood. A recent study suggested over 95% of patients who suffer
from SONK had coexisting meniscal tear,”' especially of large radial and
root tears.” However, our study showed that just the presence of a
meniscal tear or extrusion was not statistically significant factor in
predicting clinical outcome. In the literature, soft tissue edema has been
suggested to play a vital role for early diagnosis, such as edema abutting
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the vastus lateralis often seen with subchondral fracture of lateral
femoral condyle.?? In our study, soft tissue edema was common (83.7%)
yet with no significant influence on clinical outcome, like joint effusion.
This is similar in subchondral insufficiency fractures of the femoral
head, where joint effusion and synovitis were common, but proved to
have no significant impact on the clinical outcome in the literature.”’
BME in the knee had no significant association with clinical outcome
either, concurring to the findings in the literature, which also stated that
the size of BME does not affect the outcome.'’'* Similarly, gender
appeared to have no impact on clinical outcome, despite the fact that,
SONK was initially reported to be more common in females, coinciding
with the data in recent literature.?? Conversely, BMI was inversely
associated with unfavorable outcome in our study, contradicting with an
article stating that there is no significant differences of BMI between the
groups that required conservative therapy versus intervention, however,
the number of subjects included in the study was small [i.e.10 in each
group].16

Based on the findings, it is evident that it is crucial to combine all the
prognostic factors, in order to decide upon a precise prognosis.

In general, our study had several limitations; it is a retrospective
study; the follow-up duration was not constant, and the number of
subjects was relatively small.

5. Conclusion

In conclusion, subchondral articular contour irregularity on MR
imaging was found to be significantly related to unfavorable outcome of
subchondral fractures around the knee. And combination of several key
MR features of subchondral fracture around the knee also lead to un-
favorable clinical outcome. Thus, careful imaging evaluation can help a
certain group of patients to minimize their risk.
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