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Abstract
Objectives To characterize the morphology and imaging find-
ings of femoral head subchondral insufficiency fractures
(SIF), and to investigate clinical outcomes in relation to im-
aging findings.
Methods Fifty-one patients with hip/pelvis magnetic reso-
nance (MR) images and typical SIF characteristics were iden-
tified and reviewed by two radiologists. Thirty-five patients
had follow-up documentation allowing assessment of clinical
outcome. Subgroup comparisons were performed using re-
gression models adjusted for age and body mass index.
Results SIFwere frequently associated with cartilage loss (35/
47, 74.5%), effusion (33/42, 78.6%), synovitis (29/44, 66%),
and bone marrow oedema pattern (BMEP) (average cross-
sectional area 885.7±730.2 mm2). Total hip arthroplasty
(THA) was required in 16/35 patients, at an average of
6 months post-MRI. Compared to the THA cohort, the non-
THA group had significantly (p<0.05) smaller overlying car-
tilage defect size (10 mm vs. 29 mm), smaller band length
ratio and fracture diameters, and greater incidence of parallel
fracture morphology (p<0.05). Male gender and increased
age were significantly associated with progression, p<0.05.

Conclusions SIF were associated with synovitis, cartilage
loss, effusion, and BMEP. Male gender and increased age
had a significant association with progression to THA, as
did band length ratio, fracture diameter, cartilage defect size,
and fracture deformity/morphology.
Key points
• Femoral head subchondral insufficiency fractures (SIF) fre-
quently require total hip arthroplasty (THA).

• SIF frequently coexist with synovitis, cartilage loss, and bone
marrow oedema pattern.

• SIF cartilage defect size, band length ratio, and fracture
diameter/morphology can predict progression risk.

Keywords Femoral head . Insufficiency fracture .

Subchondral fracture .Magnetic resonance imaging .Total hip
arthroplasty

Abbreviations
BMEP Bone marrow oedema pattern
ICC Intraclass correlation
JSN Joint space narrowing
KL Kellgren–Lawrence
OARSI Osteoarthritis Research Society International
SIF Subchondral insufficiency fracture of the femoral

head
THA Total hip arthroplasty

Introduction

Subchondral insufficiency fractures of the femoral head (SIF)
were first described in 1996 by Bangil et al. who used magnetic
resonance (MR) imaging and bone scintigraphy to confirm the
diagnosis [1]. Previously thought to be a disease predominantly
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affecting elderly patients, SIF have since been reported in adults
of varying ages and activity levels [2–4]. Though subchondral
fractures do not necessarily comprise a separate disease pro-
cess, SIF have been identified as a separate entity from
osteonecrosis and trauma-related subchondral fractures through
histopathologic evaluation [5, 6]. Several authors have also
proposed a distinction in the natural history for these lesions
[7, 8]. With improvements in MR imaging quality over the last
20 years, multiple studies have allowed radiologists to charac-
terize precise imaging characteristics of this type of fracture,
including a discrete low-intensity band on T1-weighted imag-
ing that corresponds to the associated fracture and repair tissue
[5, 9, 10]. The imaging characteristics setting this pathology
apart from osteonecrosis of the femoral head are quite subtle
but have been well described in the literature and include dif-
ferences in fracture morphology, with parallel or serpiginous
fracture lines being more characteristic of SIF [11–13].

Though the diagnostic criteria for SIF can be subtle, there
may be significant implications for both prognosis and long-
term management that highlight the need for diagnostic accu-
racy. In contrast to subchondral fractures that occur in the
setting of femoral head osteonecrosis, SIF have occasionally
been shown to resolve with a period of rest and limited
weight-bearing [1, 14, 15]. On the other hand, several cases
in the literature have shown rapid progression to advanced
collapse, necessitating a total hip arthroplasty (THA)
[16–18]. Despite this discrepancy in prognosis among those
with SIF, little information exists to date that establishes firm
criteria linked to progression of these fractures to advanced
collapse, though this information would be critical for treat-
ment decisions. Characteristics such as fracture length and
band length ratio (defined as the ratio of the fracture line
diameter to the entire weight-bearing portion of the femoral
head) have been shown in previous studies to be associated
with radiographic progression, as has patient age at the time of
diagnosis [19, 20]. But to date studies focusing on SIF have
been limited by small sample sizes.

We hypothesized that imaging characteristics representing
worsened fracture severity would be predictive of SIF clinical
progression. The purpose of our study was to characterize the
morphology and imaging findings of SIF, and to investigate
clinical outcomes in relation to these imaging findings.

Materials and methods

Study population

This study was approved by our institutional review board and
was compliant with the Health Insurance Portability and Ac-
countability Act. Informed consent was waived because of the
study’s retrospective design. A search of the picture archiving
and communications (PACS) databases was conducted for

hip/pelvis MR images performed between January 2000 and
July 2014. The terms Binsufficiency fracture^, Bstress frac-
ture”, and Bavascular necrosis^ were used and 436 patients
were identified. Patients with fractures in other locations or
with obvious avascular necrosis were excluded. Patients orig-
inally misclassified as having avascular necrosis who upon
review were found to have SIF were ultimately included.
Two patients less than 18 years old were excluded to avoid
skeletal immaturity as a confounding factor. Eventually 51
patients with an imaging diagnosis of SIF were identified
(Fig. 1). The diagnosis was based on a low-signal-intensity
band along the subchondral femoral head with associated
bone marrow oedema pattern (BMEP), a criterion which has
previously been published [9–11] (Fig. 2). Two board-
certified musculoskeletal radiologists (16 and 22 years of ex-
perience, respectively) confirmed the diagnosis in all cases.

The electronic medical record was reviewed to determine
the clinical course. Twelve patients for whom no follow-up
was documentedwere included in the non-follow-up group, as
were four patients in the non-progression group who had less
than 6 months of follow-up after initial MR examination. The
remaining 35 patients were included for analysis in the pro-
gression arm. Records were reviewed to determine whether
patients required THA within the follow-up period. Clinical
variables such as medical comorbidities, vitamin D level, dual
X-ray absorptiometry (DXA) bone mineral density (BMD),
and whether patients underwent temporary weight-bearing
limitation were also collected (Table 1).

Image acquisition/analysis

All subjects underwent hip/pelvis MR examination at 3 or 1.5
Tesla (GE Healthcare, Milwaukee, WI). The following se-
quences were analysed: (1) coronal T1-weighted (-w) fast spin
echo (FSE) (echo time [TE]/repetition time [TR]/echo train
length/section thickness=5–15 ms/500–1000 ms/3/4 mm),

Fig. 1 Flow sheet demonstrating patient selection into follow-up and
non-follow-up arms
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(2) coronal short tau inversion recovery (STIR) (TE/TR/inver-
sion time/flip angle/echo train length/thickness=50–60 ms/
3000–9000 ms/150–170 ms/90°/13–18/4 mm), (3) sagittal
proton density-w FSE (TE/TR/echo train length/thickness=
20–30 ms/1500–4000 ms/8–9/4 mm), (4) sagittal T2-w fat-
saturated FSE (TE/TR/echo train length/thickness=50–
70 ms/2000–4000 ms/8–16/4 mm), (5) sagittal T1-w FSE
(TE/TR/echo train length/section thickness=5–15 ms/500–
1000 ms/3/4 mm), and (6) axial T1-w FSE (TE/TR/echo train
length/thickness=5–15 ms/500–1000 ms/3/4 mm).

Images were independently graded on PACS workstations
(Agfa, Ridgefield Park, NJ) by a board-certified musculoskel-
etal radiologist and a radiology resident (16 and 2 years expe-
rience, respectively), and consensus agreements were used. In
cases of disagreement, a third board-certified musculoskeletal
radiologist (22 years of experience) was consulted.

Anterior-posterior pelvis and frog-leg lateral radiographs
were available for 46 patients. Radiographic variables that
were analysed included joint space narrowing (JSN), osteo-
phyte formation, and fracture deformity (Table 2).

Fig. 2 Subchondral femoral head insufficiency fracture. a Axial T1-
weighted image demonstrating a low-signal-intensity band extending
along the anteromedial portion of the femoral head (red arrow). b
Coronal fat-saturated intermediate-weighted image showing extensive

bone marrow oedema pattern throughout femoral head and neck (thin
arrows); note that the subchondral fracture line can also be appreciated
as a hypointense band along the superior subchondral surface (thick
arrow)

Table 1 Demographic
characteristics of study All subjects

(N=51)
Non-arthroplasty
group (N=19)

Arthroplasty
group (N=16)

P value†

Gender* 0.020

Male 47.1 (24/51) 36.8 (7/19) 62.5 (10/16)

Female 52.9 (27/51) 63.2 (12/19) 37.5 (6/16)

Age^ 60±16 56±18 67±11 0.043

BMI (kg/m2)^ 27.4±5.6 26.0±4.6 29.6±6.1 0.063

Clinical outcome* N/A

Non-THA 54.3 (19/35)

THA 45.7 (16/35)

VAS (presentation)^ (25/51) 6.3±2.7 5.6±3.0 7.2±2.4 0.471

Period of non-weight-bearing^ 0.407

Yes 23.1 (6/26) 36.4 (4/11) 14.3 (2/14)

No 76.9 (20/26) 63.6 (7/11) 85.7 (12/14)

Unknown 9/35 8/19 2/16

Vitamin D level (ng/mL)^ (19/51) 20±16 29±15 23±14 0.379

Femoral neck BMD^ (17/51) 0.71±0.11 0.659±0.104 0.780±0.098 0.118

Femoral neck T score^ (17/51) −1.2±1.3 −1.1±1.8 −1.1±0.9 0.404

BMI body mass index, THA total hip arthroplasty, VAS visual analogue scale, BMD bone mineral density

*Values reported as percentages, with number values in parentheses

^Values reported as mean±standard deviation

†Significance defined as p<0.05 (see values in bold)
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Osteophytes were graded as mild, moderate, or severe on the
basis of the largest measurable diameter (less than 1 mm, 1–
3 mm, or greater than 3 mm, respectively). JSN was similarly
graded as mild, moderate, or severe (3–2 mm, 1–2 mm, or less
than 1 mm joint space width, respectively). Fracture deformity
was defined as loss of femoral head sphericity.

An additional component of our outcomes analysis in-
volved classification of baseline and follow-up radiographs
based on Kellgren–Lawrence (KL) grade and Osteoarthritis
Research Society International (OARSI) JSN scores. Baseline
and follow-up radiographs were graded as KL 0—no radio-
graphic features of OA, 1—doubtful JSN, 2—definite
osteophytes and possible JSN, 3—multiple osteophytes, def-
inite JSN and sclerosis, and 4—large osteophytes, marked
JSN, severe sclerosis and deformity [21]. Each radiograph
was similarly graded on the basis of the OARSI JSN classifi-
cation as none, mild, moderate, or severe (0–3, respectively)
[22, 23]. Progression in either KL or OARSI score was de-
fined as any increase from baseline value.

MR characteristics that were assessed included BMEP
cross-sectional area, fracture diameter (coronal and sagittal)
and morphology, as well as morphological findings such as
muscle atrophy, effusion, and synovitis (Table 3). Fracture
location was characterized by dividing the femoral head into
nine sub-regions as demonstrated in Fig. 3. BMEP cross-
sectional area was determined by measuring the maximum
oedema pattern in two orthogonal planes on the coronal
image.

Band length ratio, previously described by Iwasaki et al.,
was determined by calculating the ratio of the coronal fracture

diameter to the diameter of the weight-bearing portion of the
femoral head (Fig. 4) [19]. Fracture line morphology was
characterized as parallel to the joint surface, convex, or ser-
piginous (Fig. 5). Effusion was defined as increased synovial
fluid causing capsular distension, and it was graded as mild or
severe (less than or more than 0.7 cm distension, respectively)
[24]. Muscle atrophy was graded as none, mild, or severe
according to Goutallier’s classification (Grade 0, Grade
1/2, and Grade 3/4, respectively) [25]. Synovitis was defined
as synovial thickening with effusion and synovial bands/
debris.

After interpretations of initial MR images were performed,
subsequent images were reviewed. These images were includ-
ed for descriptive purposes only.

Statistical analysis

Statistical analyses were performed using Stata/IC Version 13
(StataCorp, College Station, TX). Differences in age and body
mass index (BMI) between subjects in the progression and
non-progression groups were assessed using linear regression
models. Logistic regression models adjusted for age and BMI
were used to assess the association between predictor vari-
ables and progression to THA (outcome). Fracture diameter
groups were additionally compared regarding outcome using
a chi-squared analysis. To evaluate inter-reader reproducibili-
ty, intraclass correlations (ICCs) were calculated for quantita-
tive variables for a subset of ten randomly selected patients.

In order to validate the use of Bprogression to THA^ as an
outcome measure, a sub-analysis was included for both BKL

Table 2 Radiographic
characteristics of femoral head
subchondral insufficiency
fractures

All subjects
(N=51)

Non-arthroplasty
group (N=19)

Arthroplasty
group (N=16)

P value†

Joint space narrowing* 0.150

None 45.5 (20/44) 56 (10–18) 7.1 (1/14)

Mild 22.7 (10/44) 28 (5/18) 28.6 (4/14)

Moderate 22.7 (10/44) 17 (3/18) 42.9 (6/14)

Severe 9.1 (4/44) 0 21.4 (3/14)

Unknown 7/51 1/19 2/16

Osteophytes*

None 40.5 (17/42) 44 (8/18) 6.3 (1/16) 0.178

Mild 50 (21/42) 39 (7/18) 68.8 (11/16)

Moderate 4.8 (2/42) 17 (3/18) 18.8 (3/16)

Severe 4.8 (2/42) 0 6.3 (1/16)

Unknown 9/51 1/19 0

Fracture deformity* 0.041

Present 26.1 (12/46) 22 (4/18) 50 (8/16)

Absent 73.9 (34/46) 78 (14/18) 50 (8/16)

Unknown 5/51 1/19 0

*Values reported as percentages, with number values in parentheses

†Significance defined as p<0.05 (see value in bold)
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progression^ and BOARSI JSN progression^. For both sub-
analyses, the outcome groups (progression and non-
progression) were compared using Student’s t tests for the

variables band length ratio, coronal/sagittal fracture diameter,
and cartilage defect size. Statistical significance in all analyses
was defined as p<0.05.

Table 3 MR characteristics of
subchondral femoral head
insufficiency fractures

All subjects
(N=51)

Non-arthroplasty
group (N=19)

Arthroplasty
group (N=16)

P value†

Location* 0.574

Anteromedial 17.3 (9/51) 16 (3/19) 18.8 (3/16)

Anterior 21.2 (11/51) 26 (5/19) 25 (4/16)

Anterolateral 11.5 (6/51) 0 31.2 (5/16)

Lateral 9.6 (5/51) 16 (3/19) 0

Posterolateral 13.5 (7/51) 16 (3/19) 6.3 (1/16)

Posterior 3.8 (2/51) 0 6.3 (1/16)

Posteromedial 3.8 (2/51) 5 (1/19) 0

Medial 3.8 (2/51) 0 6.3 (1/16)

Central 13.5 (7/51) 21 (4/19) 6.3 (1/16)

Fracture line diameter (mm)^

Coronal 23±10 20±6 29±12 0.037

Sagittal 23±11 21±8 29±10 0.044

Fracture line morphology* 0.045

Parallel to joint surface 46 (23/50) 68 (13/19) 18.8 (3/16)

Convex to joint surface 36 (18/50) 11 (2/19) 50 (8/16)

Serpiginous to joint surface 18 (9/50) 21 (4/19) 31.2 (5/16)

Unknown 1/51 0 0

Bone marrow oedema pattern (mm)^

Cross-sectional area 885.7±730.2 783±800 1011±461 0.404

Sagittal oedema pattern 27±15 25±16 34±11 0.225

Band length ratio^ 0.617±0.264 0.550±0.161 0.782±0.321 0.046

Overlying cartilage defect size (mm)^ 16±14 10±10 29±12 0.007

Ligamentum teres* 0.054

Intact 81.6 (40/49) 89 (16/18) 56.3 (9/16)

Torn 18.4 (9/49) 11 (2/18) 43.8 (7/16)

Unknown 2/51 1/19 0

Effusion* 0.523

Absent 21.4 (9/42) 23 (3/13) 6.7 (1/15)

Mild 52.4 (22/42) 62 (8/13) 53.3 (8/15)

Severe 26.2 (11/42) 15 (2/13) 40 (6/15)

Unknown 9/51 6/19 1/16

Synovitis* 0.074

Absent 34 (15/44) 54 (7/13) 0

Present 66 (29/44) 46 (6/13) 100 (16/16)

Unknown 7/51 6/19 0

Muscle atrophy* 0.239

Absent 43.8 (21/48) 50 (9/18) 6.7 (1/15)

Mild 45.8 (22/48) 39 (7/18) 66.7 (10/15)

Severe 10.4 (5/48) 11 (2/18) 26.7 (4/15)

Unknown 3/51 1/19 1/16

*Values reported as percentage, with number values in parentheses

^Values reported as mean±standard deviation

†Significance defined as p<0.05 (see values in bold)
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Results

Subject demographics

Demographic and clinical characteristics of the study popula-
tion are summarized in Table 1. In 35 patients both clinical and
imaging follow-up documentation was available; in an addi-
tional 16 patients only baseline imaging studies and clinical
findings were available (descriptive analysis). Men comprised
24/51 of the study population (47.0 %, mean age 60.1±15.5);
women comprised 52.9 % (27/51) of the study population
(mean age 60.1±17.3, p=0.992). Of the 35 patients for whom
clinical follow-up data were available, 54.3 % (19/35) were
treated conservatively (without THA) over an average follow-
up of 26.0 months, while 45.7 % (16/35) required THA. Six
out of 26 patients (23.1 %) underwent a temporary period of
limited weight-bearing as part of their treatment.

Data concerning medical comorbidities was available for
46/51 patients. Four patients (8.7 %) had a history of chronic
steroid use, and an equal number had a history of radiation
therapy. Three patients (6.5 %) had a history of organ trans-
plant. Vitamin D level was generally low–normal (20±16 ng/
mL, normal range 20–50 ng/mL). Femoral neck BMD T
scores, which were available for 17/51 patients, were normal
(T score at least −1) in 5/17 (29.4 %), osteopenic (T score less
than −1 or greater than −2.5) in 10/17 (58.8 %), and osteopo-
rotic (−2.5 or less) in 2/17 (11.8 %).

Baseline radiographic findings

Radiographic and MR characteristics of the entire study popu-
lation are provided in Tables 2 and 3, respectively. Radiographic

Fig. 3 Classification scheme for
location of femoral head
insufficiency fracture, as seen
from an anteromedial view of the
femoral head. Notably, more than
one third (38.5 %) of fractures in
this study were located in the
anteromedial or direct anterior
subregions. Bright red >15 % of
fractures, dark pink 10–15 % of
fractures, light pink <10 % of
fractures

Fig. 4 Method for obtaining band length ratio as described by Iwasaki
et al. [19]. A line through the femoral head connecting the lateral edge of
the acetabulum to the inferior aspect of the teardrop is drawn, and the
weight-bearing portion of the femoral head is defined as the femoral head
surface in between the lateral-most aspect of this line, and a perpendicular
bisector through themiddle of this line. The band length ratio is defined as
the ratio of the length of the fracture line at its maximal extent on a coronal
image (green band) to the weight-bearing portion of the femoral head (red
band). A acetabulum, F femoral head
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findings included JSN in 54.5 % (24/44) and osteophytes in
59.5 % (25/42) of the patients. Twelve of 46 patients (26.1 %)
had fracture deformity visualized on initial radiographs.

Baseline MR findings

Roughly two-thirds (64.7 %, 33/51) of fractures were located
within the anterior or central portions of the femoral head
(Fig. 3); only 21.1 % (11/51) were in the posterior portion of
the femoral head. Fracture line diameter was found to measure

23±10 mm on coronal images and 23±11 mm on sagittal
images.

Nearly half of fractures were classified as parallel to the
joint surface (46 %, 23/50). Extensive BMEP was found in
86.3% (44/51) with an average cross-sectional area of 885.7±
730.2 mm2, and roughly 37% (19/51) of patients had a BMEP
cross-sectional area greater than 1000 mm2 (Fig. 2b). Frac-
tures comprised the majority of the weight-bearing portion
of the femoral head with an average band length ratio of
0.617±0.264 (Fig. 6a). The majority of patients (35/47,

Fig. 5 a Schematic image
representing the various fracture
morphology classifications
including parallel (1), convex (2),
and serpiginous (3) with respect
to the joint surface. b T1-
weighted sagittal FSE image
demonstrating a low-signal-
intensity band extending parallel
to the joint surface (red arrows). c
T1-weighted coronal FSE image
in a different patient
demonstrating a subchondral
fracture line extending convex to
the joint surface (red arrows). d
Axial T1-weighted image in a
third patient showing an irregular,
serpiginous subchondral fracture
line extending along the
anteromedial segment of the
femoral head (arrows). e Sagittal
T1-weighted image from patient
in d, again demonstrating the
irregular orientation of the
fracture line in relation to the joint
surface (arrows)
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74.5 %) had some associated cartilage defect, which averaged
16±14 mm in size (Fig. 6b). Labrum (40 %, 20/50) and
ligamentum teres (18.4 %, 9/49) tears were relatively infre-
quent findings, while greater trochanter insertion tendinopathy
was present in the majority (76.5 %, 39/51). Findings of sur-
rounding muscle oedema (60.5 %, 26/43), muscle atrophy
(56.2 %, 27/48), synovitis (66 %, 29/44), and effusion
(78.6 %, 33/42) were also relatively common.

The absolute agreement intraclass correlation coefficients for
inter-reader measurement were 0.987 (95%CI 0.946, 0.997) for
BMEP area, 0.905 (95 % CI 0.660, 0.977) for sagittal BMEP,
0.962 (95 % CI 0.854, 0.991) for coronal fracture diameter,
0.982 (95 % CI 0.928, 0.996) for sagittal fracture diameter,
0.945 (95 % CI 0.794, 0.987) for band length ratio, and 0.972
(95 % CI 0.890, 0.993) for cartilage defect size.

Imaging in relation to clinical outcome

In the 35 patients with clinical follow-up, size of the cartilage
defect overlying the SIF was found to be significantly associ-
ated with progression to THA. Average cartilage defect size in
the non-arthroplasty group was 10±10 mm, compared to
29±12 mm in the arthroplasty group, p<0.001. This rela-
tionship still reached significance when controlling for age
and BMI (p=0.007). Every 1-mm increase in cartilage defect
size resulted in an increased risk of progression to THA of
17.7 % (95 % CI 4.6, 32.4) (Table 3). Interestingly, of the ten
patients who had a cartilage defect size less than 10 mm, 10%
progressed to THA (average follow-up 29.7 months), com-
pared to 73.3 % (11/15) of those patients with cartilage defects
larger than 20 mm in size (average follow-up 23.2 months).

Fig. 6 a Coronal T1-weighted FSE image in a 72-year-old obese (BMI
37.3) woman demonstrating a convexly oriented insufficiency fracture
(red arrows). Band length ratio was measured at 0.811 and fracture
diameter was measured at 30 mm. b Coronal T2-weighted fat-saturated
image showing convex fracture line extending along the subchondral
surface of the femoral head, surrounded by extensive bone marrow
oedema pattern in the adjacent portions of the femoral head (curved
arrow). Note the extensive full thickness cartilage loss seen at the
superior margin (straight arrows). c Original anterior-posterior pelvis

radiograph taken at same time as initial MR examination. Note that
despite significant JSN (red arrow) and subchondral sclerosis, there is
overall maintenance of femoral head sphericity. d Anterior-posterior
radiograph of the right hip taken approximately 21 months following
the initial radiograph in c, showing marked progression of subchondral
collapse and loss of femoral head sphericity with cystic changes (straight
arrows) and worsening sclerosis (curved arrow) indicating overall
progression of osteoarthritis
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Band length ratio was found to be significantly (p=0.046)
higher in the arthroplasty group (0.782±0.321) compared to
the non-arthroplasty group (0.550±0.160) (Table 3). Similar-
ly, coronal fracture line diameter was found to vary signifi-
cantly (p=0.037) between the arthroplasty (29±12 mm) and
non-arthroplasty (20±6 mm) groups, as was sagittal fracture
line diameter (29±10 mm vs. 21±8 mm, respectively, p=
0.044). An analysis performed on high and low lesion size
groups showed that large coronal fracture diameter (greater
than 30 mm) had a significantly increased progression risk
compared to the low fracture diameter (less than 20 mm)
group (OR 10.0, 95 % CI 1.44, 69.26). An analysis performed
for high (greater than 30 mm) and low (less than 20 mm)
sagittal fracture diameter groups yielded similar results, with
the high diameter group having significantly higher progres-
sion risk (OR 15.75, 95 % CI 1.75, 141.40). Fracture mor-
phology also had a significant association (p=0.045) with
clinical prognosis, with a parallel morphology more frequent-
ly found in the non-progression group.

Radiographic findings such as JSN, osteophyte formation,
and radiographic osteopenia were not found to be significantly
associated with progression to THA in the study population.
However, presence of radiographic fracture deformity was
found to be significantly associated with progression to
THA (p=0.041) (Table 2).

To validate the use of THA as an outcome measure, sub-
analyses involving both KL grade and OARSI JSN scores in
defining progression were also performed for band length ra-
tio, coronal and sagittal fracture diameter, and chondral defect
size. The results of these sub-analyses were found to corre-
spond appropriately with our main outcomes analysis and are
presented in Table 4.

Consideration of clinical predictors

Assessment of the relationship of clinical and demographic
variables with regards to progression to THA was also

performed, and the results are provided in Table 1. Male gen-
der was significantly associated with progression to THA (p=
0.020). Patients in the progression group were also found to be
significantly older than patients in the non-progression group
(67±11 years vs. 56±18 years, p=0.043). Other clinical pa-
rameters such as BMI, BMD/Tscore of the hip region, vitamin
D level, or presence of osteoporosis did not show significant
association with progression to THA. Limitation of weight-
bearing as therapeutic management seemed to limit progres-
sion of SIF, with only 2/6 patients (33.3 %) ultimately requir-
ing THA. However, because of the small sample size, this
association did not reach statistical significance.

Progression

A summary of follow-up findings from nine conservatively
managed patients is provided in Table 5. Nearly half of these
patients had documented improvement of their fracture as
assessed on subsequent imaging studies, with improvement
of BMEP, resolution of the subchondral fracture line, and, in
one case, restoration of femoral head sphericity (Fig. 7). The
most common signs of progression included worsening cystic
changes and, in one case, visualized progression of cartilage
loss with progressive radiographic collapse (Fig. 6).

Discussion

SIF is a relatively new entity with increasing clinical signifi-
cance, and our study demonstrated morphological imaging
abnormalities of SIF as well as criteria associated with in-
creased progression risk. Radiographic fracture deformity
and irregular fracture morphology onMR imaging with great-
er fracture length and cartilage defect size were typically seen
with clinical progression of SIF, as were demographic charac-
teristics such as male gender and increased age. To the best of
our knowledge this study is the largest to examine both

Table 4 Imaging and
demographic variables in relation
to radiographic progression

Non-progressiona

(N=13)

Progressiona

(N=15)

P value†

Band length ratio^ 0.511±0.153 0.790±0.330 0.008

Sagittal fracture diameter (mm)^ 18.69±7.03 29.60±10.62 0.003

Coronal fracture diameter (mm)^ 18.69±5.78 28.80±12.53 0.011

Chondral defect size (mm)^ 8.77±8.78 26.20±14.01 0.0005

Age (years)^ 55.77±17.96 66.87±10.88 0.067

Male (%, number) 38.5 (5/13) 46.7 (7/15) 0.661

a Progression defined as any increase in Kellgren–Lawrence grade or OARSI joint space narrowing score fol-
lowing initial diagnostic image

^Values expressed as mean±standard deviation

†Statistical significance defined as p<0.05
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imaging and clinical characteristics of SIF and to determine
risk factors for progression.

Our study demonstrates that cartilage defect size is associat-
edwith clinical SIF progression. SIF has previously been linked
with osteoarthritis development [26]. Niimi et al. suggested that
SIF formation is a typical event in the development of rapidly
destructive hip osteoarthritis, with biological responses to SIF
triggering rapid cartilage breakdown. A similar study con-
firmed SIF histologically in 11 patients who had experienced
rapid JSN of the affected hip over the course of 9 months [16].
Our study confirms these associations between rapidly progres-
sive hipOA and SIF, by demonstrating the relationship between
SIF progression and chondral defect size, and by showing the
frequent co-occurrence of SIF with radiographic findings of
degenerative joint disease in a majority of patients.

Another finding concerns the association of fracture mor-
phology and radiographic deformity with SIF progression.
Other studies have investigated potential interpretations of
different SIF fracture morphologies [12, 27]. Our study is
the first to our knowledge that investigates the influence of
fracture morphology on SIF progression, demonstrating that
fractures parallel to the joint surface have significantly less
progression. This may be attributable to the minimal disrup-
tion of the femoral head structural composition associated
with parallel fracture morphology. Our study also demonstrat-
ed a significant relationship between radiographic deformity
and progression. Loss of femoral head sphericity represents
increased collapse and instability, and it is not surprising that

more destabilized fracture surfaces have higher progression
rates. Interestingly, our study did not show a relationship be-
tween femoral head BMEP and progression risk. Past studies
have suggested that BMEP onMR images can provide insight
into the transient nature of some femoral head lesions, and
resolution of BMEP over time suggests a reversible lesion
[28]. Though our results support the diagnostic utility of
BMEP with regards to SIF, they also reiterate BMEP as a
non-specific process reflective of a bone marrow stress re-
sponse and an insignificant predictor of clinical progression.

Our study demonstrated a significant association between
coronal fracture diameter and band length ratio with progres-
sion risk, confirming results from Iwasaki et al., and also
showed that sagittal fracture diameter was significantly asso-
ciated with progression [19]. Sagittal fracture diameter, which
like coronal diameter reflects the extent of injury to the
subchondral femoral head surface, should likewise contribute
similarly to the stability of this weight-bearing region. Previ-
ously published literature had failed to demonstrate this rela-
tionship between sagittal fracture diameter/morphology and
SIF prognosis, and therefore we feel that our study provides
a more through picture of morphologic risk factors for SIF
progression. Additionally, by adjusting for age and BMI in a
regression model, our study demonstrates that these associa-
tions are not purely related to body size variability of SIF
patients.

Our study demonstrates a significant relationship between
gender and progression, with female patients being less likely

Table 5 Progression on available follow-up imaging

Patient Age at first MR
exam (years)

Gender Follow-up
image type

Time between original
and follow-up (months)

Outcome Details

1 59 Male XR 20.6 Worsened Collapse more prominent on follow-up radiograph
compared to original. No change in joint space
or cartilage remaining

2 18 Female MR 24.6 Improved Interval healing of subchondral fracture; no definitive
fracture line on follow-up MR images

3 76 Female XR 12.9 Unchanged No significant difference compared to original radiograph

4 37 Male MR 24.4 Unchanged/
improved

Decreased bone marrow oedema pattern,
but still with linear fracture line medially

5 28 Male MR 2.2 Improved Persistent mild effusion, improved bone marrow oedema
pattern, no progression or change of fracture line, improved
femoral head morphology (more rounded)

6 72 Female XR 21.6 Worsened Significant collapse, more joint space narrowing,
more osteoarthritis (cystic changes)

7 70 Female MR/XR 8.1 Improved No fracture, no bone marrow oedema pattern, interval
spontaneous healing. Mild joint effusion, no muscle
oedema but persistent increased signal in gluteal tendon

8 33 Male MR 5.6 Improved Improvement in bone marrow oedema pattern.
No definitive fracture line

9 41 Female MR/XR 105.3 Worsened Progressive sclerosis, subchondral cyst formation.
Progression of cartilage loss

XR X-ray, MR magnetic resonance
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to require THA. This disputes a previous study which demon-
strated a greater tendency for women with SIF to progress
[29]. The basis for this discrepancy is unclear, but may also
be related to our multivariate regression model controlling for
age and BMI, in addition to small sample sizes in both studies.
This study’s finding that age and progression risk are signifi-
cantly associated is not surprising, and it may be confounded
by our definition of progression, as older individuals are more
likely to be offered THA than a younger cohort. Alternatively,
this finding may be a surrogate for more advanced degenera-
tion or longer symptom duration.

In our study, patients treated with a period of weight-
bearing limitation at the time of diagnosis had lower rates of
SIF progression to THA. This suggests that, in contrast to the
natural history of femoral head osteonecrosis, a period of
weight-bearing limitation may help to prevent, or slow, SIF
progression. Because of a small sample size, our study was not
sufficiently powered to detect a difference in progression risk
between the weight-bearing and non-weight-bearing groups.
Future multi-centre studies may shed light on this new finding
of the potential important role of conservative management
options in SIF treatment.

Our study has several limitations. The study is limited by
its retrospective design and the relatively small number of
patients with clinical follow-up. Because our method of pa-
tient selection involved a retrospective PACS search, not all
patients included in our study had documented clinical or
imaging follow-up, presumably because they had undergone
follow-up at other institutions or had not sought follow-up at
all. Thus, our selected patients had varying degrees of follow-
up documentation, and those with limited follow-up may have
resulted in underestimation of SIF progression. To limit the
potential for such patients to confound our results, we only
included patients with limited follow-up (less than 6 months
of follow-up in the Bnon-progression^ group) in the descrip-
tive arm of our study. Despite these strict inclusion criteria, to
the best of our knowledge this is the largest study to be
published.

We also acknowledge our definition of progression as a
limitation, due to variability in indications for THA among
this population. However, the use of this definition of progres-
sion has the benefit of being easily defined and confirmed, and
it is generally quite indicative of disease severity; this defini-
tion has been used in previous literature in large multi-centre

Fig. 7 a T1-weighted coronal
FSE image showing a
hypointense band along the
subchondral surface of the
superolateral femoral head
representing a subchondral
insufficiency fracture (red arrow).
b Fat-saturated intermediate-
weighted coronal FSE image
represents mild amount of bone
marrow oedema pattern
surrounding the fracture site (red
arrow). c T1-weighted coronal
FSE image in the same patient
taken 2 months later, after a
period of non-weight-bearing,
showing near-complete resolution
of the fracture line (red arrow). d
Fat-saturated intermediate-
weighted coronal FSE image
demonstrating resolution of bone
marrow oedema pattern (red
arrow)
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trials as a marker for degenerative joint disease progression [4,
20, 29–31]. To further validate the use of this definition of
progression, we compared our results of this analysis with
those using radiographic definitions of progression, and these
have confirmed our significant findings regarding the imaging
characteristics associated with worse prognosis.

In conclusion, while nearly half of SIF patients can be
treated conservatively; those with larger cartilage defect size,
irregular fracture orientation/deformity, or increased band
length ratio/fracture diameter have significantly higher rates
of progression to THA, as do male and elderly patients. Find-
ings from this study provide pertinent information on the
prognosis of patients with SIF and may prove useful in devel-
oping an optimal treatment protocol for SIF patients.
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