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Abstract
Objective Our aims were to investigate the imaging appear-
ance of subchondral insufficiency fracture (SIF) of the femoral
head based on fat-suppressed T2-weighted MRI, and evaluate
its correlation with the clinical outcomes following conserva-
tive treatment.
Materials and methods We retrospectively evaluated 40 hips
in 37 patients with SIF of the femoral head (12 males and 25
females; mean age 55.8 years, range 22–78 years). MRI ex-
aminations were performed within 3 months after the onset of
hip pain. Using fat-suppressed T2-weighted imaging, we eval-
uated the hips for the intensity of the subchondral bone (cor-
responding to the area superior to the low intensity band on
T1-weighted images) as well as bone marrow edema, joint
effusion, and presence of the band lesion. We then correlated
the intensity of the subchondral bone with clinical outcomes.
Results The hips were classified into three types based on
subchondral intensity on fat-suppressed T2-weighted images:
type 1 (21 hips) showed high intensity, type 2 (eight hips)
showed heterogeneous intensity, and type 3 (11 hips) showed
low intensity. The mean period between pain onset and MRI
examination was significantly longer for type 2 hips than for
type 1. Healing rates were 86 % for type 1, 75 % for type 2,
and 18 % for type 3.
Conclusion SIF cases were classified into three types based
on subchondral intensity on fat-suppressed T2-weighted im-
aging performed within 3 months after pain onset. Type 3 SIF

tended to be intractable to conservative treatment compared to
type 1 and type 2.
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Introduction

Subchondral insufficiency fracture (SIF) of the femoral head
has been recognized as one cause of acute hip pain [1–5].
Some reported cases of SIF of the femoral head have
progressed to collapse, necessitating surgery, whereas others
have resolved with conservative treatment [1–3, 6]. T1-
weighted magnetic resonance imaging (MRI) has been used
to diagnose SIF. A subchondral low-intensity band on T1-
weighted images is reported to be characteristic in SIF. This
band has been described as irregular, disconnected, and paral-
lel to the articular surface, and histopathologically it corre-
sponds to the fracture itself [2, 3, 7, 8].

The imaging appearance of SIF in other sequences, such as
fat-suppressed T2-weighted imaging, has not been described
in detail. A few authors have described the varying intensity of
subchondral lesions on fat-suppressed T2-weighted imaging
[3, 7, 9], but no consensus on the significance of lesion inten-
sity has been reached. Yamamoto et al. [7] reported that
subchondral lesions (proximal to the low intensity band on
T1-weighted images) showed high intensity in six of seven
hips with SIF, whereas Davis et al. [9] reported that this area
showed only low intensity in all of their five reported hips.
Because the intensity of the fracture site changes over time
[10], we hypothesized that these differences in intensity derive
from different statuses of the fracture site and are associated
with the clinical outcomes.
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In this study, we investigated the imaging appearance of
SIF of the femoral head on fat-suppressed T2-weighted im-
ages with special emphasis on the intensity of the subchondral
lesions and their correlation with the clinical outcomes follow-
ing conservative treatment.

Materials and methods

Patients

Our institutional review board approved this study. We retro-
spectively reviewed the records of 57 hips in 54 consecutively
registered patients who were diagnosed with SIF of the fem-
oral head at our institution between August 2009 and April
2015. The SIF diagnosis was based on the following pub-
lished criteria: acute onset of hip pain with no apparent history
of trauma; normal radiographic findings or radiographs show-
ing femoral head collapse and/or a linear patchy sclerotic area
in the superior portion of the femoral head; and bone marrow
edema in the femoral head with a typical low intensity band
(irregular, disconnected, and parallel to the articular surface)
in the subchondral area on T1-weighted MRI [2, 3, 7, 11]. In
some cases, gadolinium-enhancedMRI was also performed to
differentiate SIF from avascular necrosis (AVN) of the femoral
head [12]. We excluded four hips for which the MRI exami-
nation was performed more than 3 months after pain onset and
13 hips that already showed joint space narrowing (<2 mm)
indicative of osteoarthritis [13]. MRIs obtained from 40 hips
in 37 patients were included in the study. The patients includ-
ed 12 males and 25 females with a mean age of 55.8 years
(range 22–78 years). The mean period between the onset of
hip pain and theMRI examination was 1.4 months (range 0.2–
2.9 months). The mean follow-up period was 21.2 months
(range 3.0–68.3 months).

MRI assessment

MRI examinations were performed on a 3-T system (Achieva
3.0T; Philips Healthcare, Best, The Netherlands). Coronal and
axial turbo spin-echo T1-weighted images [repetition times/
echo times (TR/TE): 400−650/10−20 ms] and coronal and
axial fat-suppressed turbo spin-echo T2-weighted images
(TR/TE: 3000−3600/80−100 ms) were acquired with the pa-
tient in supine position. All sequences used a 5-mm slice
thickness with 1-mm interslice gap and a field of view of
360 × 360 mm.

On T1-weighted images, we confirmed both bone marrow
edema and a typical low intensity band (irregular, disconnect-
ed, and parallel to the articular surface) [2, 3, 7, 11]. The band
lesion size was also evaluated with the band length ratio,
which was measured on the coronal slice through the center
of the femoral head on T1-weighted images using a previously

reported method (Fig. 1) [6]. Briefly, this ratio represents the
band length relative to the weight-bearing portion. The
weight-bearing portion of the femoral head was defined as
the area lateral to the mid-vertical line through the acetabular
edge and the bottom of the teardrop.

On fat-suppressed T2-weighted images, we evaluated the
intensity of the subchondral bone (corresponding to the area
superior to the low intensity band on T1-weighted images),
bone marrow edema, joint effusion, and presence of the band
lesion. Presence of the band and the intensity of the
subchondral bone were evaluated on coronal slices in which
a low intensity band had been detected on the T1-weighted
images. Bone marrow edema and joint effusion were evaluat-
ed on the coronal slice through the center of the femoral head.
Joint effusion was considered positive when it distended the
joint capsule [14].

Clinical management

After diagnosis, all patients initially underwent conservative
treatment comprising rest and restricted weight-bearing for
6 weeks. Radiography was performed 2, 4, 6, and 12 weeks
after the start of treatment and compared with radiographs
obtained at diagnosis to evaluate the progression of femoral
head collapse. Based on the anteroposterior and frog-leg lat-
eral view radiographs, radiographic femoral head collapse was
evaluated using concentric circles. If collapse progressed by
more than 1 mm during conservative treatment, the indication

Fig. 1 The band length ratio on the T1-weighted image. Arcs A and B
indicate the weight-bearing portion of the femoral head and the length of
the low intensity band. The weight-bearing portion of the femoral head is
defined as the area lateral to the mid-vertical line through the acetabular
edge and the teardrop. The band length ratio is given by (B/A)
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for surgical treatment was evaluated comprehensively in light
of difficulty with activities of daily living resulting from loss
of hip function and the patient’s preferences. Follow-up was
continued until at least the time at which the hips became
asymptomatic.

Twenty-six hips (65 %) showed no progression of radio-
graphic femoral head collapse and obtained relief from pain
without surgical treatment at final follow-up; these hips were
categorized as the resolution group. The other 14 hips (35 %)
showed progression of femoral head collapse during conser-
vative treatment; these hips were categorized as the non-
resolution group. Eight of the 14 non-resolution hips
underwent surgical treatment. Four hips in three patients
younger than 40 years that had an intact area in the posterior
portion of the femoral head underwent transtrochanteric ante-
rior rotational osteotomy, while the other four hips in four
patients underwent total hip arthroplasty.

Histopathological assessment

In the eight hips that received surgical treatment, either bone
biopsy specimens or the resected femoral heads were obtain-
ed. For these hips, histopathologic findings were correlated
with findings on fat-suppressed T2-weighted images.
However, two hips in which the specimen was obtained more
than 3 months after MRI examination were excluded from this
evaluation because the specimen would not reflect the lesion’s
condition at the time of MRI examination.

Statistical analysis

We correlated the intensity of the subchondral bone on fat-
suppressed T2-weighted images with clinicoradiological fac-
tors, including age, sex, bodymass index, period between pain
onset andMRI examination, presence of radiographic femoral
head collapse at diagnosis, and the band lesion size on T1-
weighted images. Regarding radiographic femoral head col-
lapse at the time of diagnosis, we described the hips as slightly
collapsed (collapse <2 mm) or severely collapsed
(collapse ≥2 mm). We also examined the clinical outcome
(the resolution rate) according to the intensity of the
subchondral bone.

Continuous variables are expressed as means with standard
deviations. Differences between groups were examined with
logistic regression analysis for continuous variables and
Fisher’s exact probability test for categorical variables. A val-
ue of p < 0.05 was considered to indicate significance.

To test the reproducibility of evaluating the intensity of the
subchondral bone, the images were independently reviewed by
two of the authors who specialize in the diagnosis and treatment
of SIF and who were unaware of clinical data. In addition, one
author reviewed the images a second time after an interval of
1 month. Intra- and inter-observer agreements of the intensity of

the subchondral bone were analyzed with the kappa coefficient
[15]. These statistical analyses were performed using JMP statisti-
cal analysis software (version 11; SAS Institute, Cary, NC, USA).

Results

Appearance of SIF on fat-suppressed T2-weighted images

On fat-suppressed T2-weighted images, all 40 hips showed
bone marrow edema, and 37 hips (93 %) had joint effusion
(Table 1). A low intensity band was detected in the bone
marrow edema in 34 hips (85 %), which corresponded to the
band that appeared on T1-weighted images (fracture line).
There was no apparent band in the other six hips (15 %).
The mean period between the onset of hip pain and MRI
examination tended to be longer for patients with a band than
in those without a band (1.5 vs. 0.7 months; p = 0.073).

Based on the intensity of the subchondral bone on fat-
suppressed T2-weighted images, the hips were classified into
three types: type 1 showed high intensity, type 2 showed het-
erogeneous intensity, and type 3 showed low intensity.
Twenty-one hips were classified as type 1, eight as type 2,
and 11 as type 3 (Figs. 2, 3, and 4). The intra- and inter-
observer agreements for type were 0.90 and 0.83, respectively,
indicating almost perfect agreements.

Correlation of subchondral bone intensity
with histopathological findings

Six hips were evaluated histopathologically. Two of these
were type 2 and four were type 3. All six hips showed fracture
callus formation with associated granulation tissue just be-
neath the fracture line. No evidence of antecedent bone infarc-
tion was found in any hip.

In type 2 cases, fracture callus formation with associated
granulation tissue was also observed in the area superior to the
fracture line (Fig. 3). This viable bone and marrow tissue
corresponded to an area of heterogeneous intensity on fat-
suppressed T2-weighted images. In type 3 cases, in contrast,

Table 1 Subchondral insufficiency fracture findings on fat-suppressed
T2-weighted images (n = 40)

Condition N (%) positive

Intensity of subchondral bone

High intensity (type 1) 21 (52 %)

Heterogeneous intensity (type 2) 8 (20 %)

Low intensity (type 3) 11 (28 %)

Bone marrow edema 40 (100 %)

Joint effusion 37 (93 %)

Band lesion 34 (85 %)
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the area superior to the fracture line was almost detached from
the femoral head, resulting in secondary osteonecrosis
(Fig. 4). This area presented as low intensity on fat-
suppressed T2-weighted images.

Correlation of subchondral bone intensity
with clinicoradiological factors and clinical outcome

The clinicoradiological factors for each type are summarized
in Table 2. The mean period between the onset of hip pain and
MRI examination was significantly longer for type 2 than for
type 1 (2.0 vs. 1.1 months; p = 0.017). Among hips that
underwent MRI examination within 1 month after pain onset,
68 % were type 1, 7 % were type 2, and 25 % were type 3
(Fig. 5). Among hips that underwent MRI examination 2–
3 months after pain onset, in contrast, 20 % were type 1,
50 % were type 2, and 30 % were type 3.

The percentage of hips with severe collapse at the time
of diagnosis was significantly higher in the type 3 group
than that in the type 1 group. The mean band length ratio
in type 2 hips tended to be larger than in type 1 hips,

although the difference did not reach statistical signifi-
cance (49.6 % vs. 38.4 %; p = 0.088). There were no
significant differences among the three types in regard
to patient age, sex, or body mass index.

The clinical outcomes for each hip type are shown in
Table 3. The resolution rate was 86 % for type 1 hips, 75 %
for type 2, and 18 % for type 3, suggesting that the type 3 hips
tended to resolve less often with conservative treatment than
type 1 and type 2 hips.

Fig. 3 Type 2 SIF of the femoral head in a 59-year-old male. The low
intensity band (arrows) is seen on the T1-weighted image (a). The band is
also seen on the fat-suppressed T2-weighted image (b). The subchondral
bone (arrowheads) shows heterogeneous intensity on the fat-suppressed
T2-weighted image. Histopathological findings of the subchondral bone
(c: hematoxylin eosin ×40). Fracture callus formation (arrows) with
associated granulation tissue (arrowheads) is observed in the area supe-
rior to the fracture line

Fig. 2 Type 1 subchondral insufficiency fracture (SIF) of the femoral
head in a 58-year-old female. The low intensity band (arrows) is seen
on the T1-weighted image (a). The band is also seen on the fat-suppressed
T2-weighted image (b). The subchondral bone (the area superior to the
low intensity band on T1-weighted images: arrowheads) shows high
intensity on the fat-suppressed T2-weighted image
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Discussion

The subchondral portion of the femoral head showed varying
intensity on fat-suppressed T2-weighted images, including
high intensity, heterogeneous intensity, and low intensity.
Although only six hips were available for histopathological
assessment, we correlated subchondral intensity with histo-
pathological findings in these cases. Based on these results,

we speculate that the natural course of SIF of the femoral head
can be broadly divided into two patterns: a normal fracture-
healing pattern and an impaired fracture-healing pattern.

In the early phase of the normal fracture-healing pattern, asso-
ciated bone marrow edema is generally observed not only distally
but also in the proximal portion of the fracture line (type 1), indi-
cating that bone and marrow tissue around the fracture line is
viable [7, 12, 16–19]. The bone marrow edema gradually de-
creases over time, resulting in a heterogeneous intensity on the
images (type 1→ type 2). We propose two possible explanations
for the lower healing rate of type 2 hips compared with type 1.
First, the band length ratio was relatively larger in type 2 hips,
which might influence the clinical outcome. Second, some of the
type 2 hips might be in a phase of delayed union, although most
hips would be undergoing the normal fracture-healing process. In
the impaired fracture-healing pattern, in contrast, almost all of the
bone andmarrow tissue in the proximal portion of the fracture line
detached, leading to loss of blood supply and/or collapse. In these
hips, the bone and marrow tissues in the proximal portion of the
fracture line underwent secondary osteonecrosis histopathological-
ly, which corresponded to the subchondral low intensity area on
fat-suppressed T2-weighted images (type 3). In this study, four of
16 hips that underwent MRI examination within 1 month after
pain onset were classified as type 3, suggesting that impaired
fracture healing occurs even in the relatively early phase.

Previous studies have evaluated the factors affecting the
clinical outcomes in SIF of the femoral head. Iwasaki et al.
[6] demonstrated that lesion size and acetabular coverage were
associated with outcome. Other reports noted that conserva-
tive treatment tended to be unsuccessful in older and female
patients with SIF [20, 21]. In the present study, we identified
the intensity of the subchondral portion of the femoral head as
another possible predictor of the clinical outcome following
conservative treatment. Type 1 hips tended to heal with con-
servative treatment (86 %), as did type 2 (75 %). In contrast,
only 18 % of type 3 hips healed with conservative treatment.
Therefore, it should be recognized that type 1 and type 2 hips
are expected to resolve with conservative treatment, while
type 3 hips seem to be difficult to resolve with conservative
treatment alone.

It is important to make a differentiation between SIF and
AVN, as both conditions often show similar radiographic find-
ings. The pathogenesis of these two conditions is quite differ-
ent, being fracture itself in SIF and bone infarction in AVN.
Histopathologically, AVN is characterized by zone formation,
comprising the necrotic bone trabeculae zone, the zone of
creeping bone substitution, and the living zone [22, 23]. In
contrast, SIF is characterized by an irregularly arranged frac-
ture callus and granulation tissue around the fracture line [7, 8,
24, 25]. Zone formation is never seen in SIF, even if a small
area of necrotic bone trabeculae confined to the area around
the fracture line (secondary necrosis) is observed [8, 23, 25].
Previous studies demonstrated that SIF can be differentiated

Fig. 4 Type 3 SIF of the femoral head in a 22-year-old male. The low
intensity band (arrows) is seen on the T1-weighted image (a). The band is
also seen on the fat-suppressed T2-weighted image (b). The subchondral
bone (arrowheads) shows low intensity on the fat-suppressed T2-weight-
ed image. Histopathological findings of the subchondral bone (c:
hematoxylin eosin ×40). Fracture callus formation (arrows) is observed
just beneath the fracture line. However, the area superior to the fracture
line is almost detached from the femoral head, resulting in secondary
osteonecrosis (empty lacunae: arrowheads). No evidence of antecedent
bone infarction was confirmed
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from AVN according to the shape of the low intensity band on
T1-weighted images [2, 7, 11]. In SIF, the shape of the band is
irregular, convex to the articular surface, and often discontin-
uous, representing the fracture line with associated repair tis-
sue [2, 3, 7, 8, 11, 24, 25]. Conversely, in AVN, the shape of
the band is well circumscribed, smooth, concave, and a mirror
image of the articular surface, representing a reactive interface
between live and necrotic bone [7, 8, 22, 23, 26]. In equivocal
cases, gadolinium-enhanced MRI is reportedly useful for dif-
ferentiating SIF from AVN [12].

Although the number of SIF patients in this study was
larger than in previous reports, this study has several limita-
tions. First, we investigated the MR images at one time point
in each patient within 3 months after the onset of pain in a
cross-sectional manner. MR images of SIF can potentially
change during the first 3-month period. Therefore, we exam-
ined the proportion of total cases in each type classification at
three different examination periods (in the first vs. the second
vs. the third month after the onset of pain); interestingly, time-
dependent change in the proportion of type 3 was not appar-
ent, while the proportion of type 1 decreased with time and
that of type 2 increased with time (Fig. 5). Sequential MRI
studies are needed to confirm the time-dependent changes.

Table 2 Correlation between
intensity type of subchondral
bone and clinicoradiological
factors (n = 40)

Factor Type 1

(21 hips)

Type 2

(8 hips)

Type 3

(11 hips)

p

Age (years) 53.2 ± 13.4 59.3 ± 14.5 58.2 ± 21.4 0.29*

0.40**

0.90***

Gender (M/F) 10/11 1/7 3/8 0.11*

0.45**

0.60***

Body mass index (kg/m2) 24.2 ± 2.8 24.7 ± 3.5 23.4 ± 3.2 0.73*

0.54**

0.47***

Interval from onset to MRI (months) 1.1 ± 0.7 2.0 ± 0.8 1.5 ± 1.0 0.017*

0.15**

0.32***

Femoral head collapse (slight/severe) 20/1 6/2 6/5 0.18*

0.011**

0.63***

Band length ratio (%) 38.4 ± 16.3 49.6 ± 7.5 45.0 ± 18.1 0.088*

0.29**

0.49***

Boldface type indicates significance (p < 0.05)

*Type 1 vs. type 2; **type 1 vs. type 3; ***type 2 vs. type 3

Slightly collapsed hip: radiographic femoral head collapse <2 mm at diagnosis; severely collapsed hip: radio-
graphic femoral head collapse ≥2 mm at diagnosis

Fig. 5 Rates of each SIF type categorized by the period between the
onset of hip pain and magnetic resonance imaging examination

Table 3 Correlation between intensity type of subchondral bone and
clinical outcomes (n = 40)

Resolution of SIF type 1
(21 hips)

type 2
(8 hips)

type 3
(11 hips)

p

Resolution 18 6 2 0.63*
0.0003**
0.024***

No resolution 3 2 9

Boldface type indicates significance (p < 0.05)

*Type 1 vs. type 2; **type 1 vs. type 3; ***type 2 vs. type 3
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Second, the mean follow-up period was relatively short, as we
could not follow up all of the patients whose hips had become
asymptomatic. Third, there was no control on the other vari-
ables that may influence fracture healing, such as bone min-
eral density and amount of weight-bearing. Prospective stud-
ies that carefully control these potential influencing factors
and have longitudinal follow-up are needed to confirm the
significance of the intensity of subchondral bone for the clin-
ical outcome. Fourth, we did not evaluate the histopathologi-
cal findings in the majority of cases, as specimens could not be
obtained from the hips treated conservatively. Despite these
limitations, however, we believe that the results of this study
provide important information to those considering clinical
management of SIF patients.

In conclusion, SIF can be classified into three types based
on the intensity of the subchondral bone on fat-suppressed T2-
weighted images. This variation may derive from the different
conditions of the area proximal to the fracture line.
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