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The bone marrow edema syndrome (BMES) is a self-limiting disease whose etiology 
is not yet fully understood. Patients typically suffer from stress-related pain and im-
paired mobility. On MRI, the bone marrow edema (BME) manifests as an ill-defined 

area with hyperintense signal intensity on T2-weighted fat-saturated sequences and hy-

pointense signal intensity on T1-weighted sequences (1). BMES mostly affects middle-aged 

patients. The migration of the BMES into another area of the same bone or into other joints 

PURPOSE 
Diagnosis of bone marrow edema syndrome (BMES) can be challenging. There is sometimes 
uncertainty about the correct diagnosis of BMES on morphologic magnetic resonance imaging 
(MRI), since subchondral findings like lines and spots can be misinterpreted as "beginning" or 
"possible" avascular osteonecrosis (AVN). The aim of our study was to systematically assess the 
temporal course of BMES from first diagnosis on MRI until the end of clinical symptoms and the 
full disappearance of bone marrow edema (BME) to determine whether subchondral lines and 
spots detected in these patients can develop into osteonecrosis. 

METHODS
In a combined retrospective and prospective study, we retrieved serial MRI scans of hips and 
knees with BME from the hospital database. According to clinical and imaging data, all patients 
with degenerative, infectious/inflammatory, rheumatic, neoplastic conditions and those show-
ing typical osteonecrosis were excluded. We collected all available MRI examinations from first 
detection of BME until its disappearance. In case edema had not fully resolved in the last avail-
able MRI scan, we performed an MRI with an additional dynamic contrast-enhanced (DCE-MRI) 
sequence. For each MRI scan, we recorded the severity of edema, the presence of subchondral 
hypointense lines and the presence of subchondral focal hypointense zones on T1-weighted im-
ages by two independent readers. The DCE-MRI scans were used to calculate parameter maps to 
assess the perfusion characteristics.

RESULTS
The study comprised 49 patients aged 22–71 years. In total, 171 morphologic and 5 DCE-MRI 
scans were evaluated. In 44 patients (89.8%), the BMES completely healed without remnants. 
In 18 of 49 patients (36.7%), a subchondral line was present in the first MRI exam. Nine patients 
(18.4%) developed a subchondral line within 1–5 months after the first MRI. In total, 27 out of 49 
patients (55.1%) had subchondral lines (12 knees, 15 hips) during the timeframe of the study. All 
subchondral lines disappeared in the timeframe of the study. Subchondral focal hypointense 
zones were present in 14 out of 49 patients (28.6%): in 9 cases, subchondral focal hypointense 
zones disappeared after a median of 5.5 months (range, 1–85 months), while in 5 cases, sub-
chondral focal lesions persisted until the end of the study (up to more than 85 months) without 
edema in the surrounding bone. All persisting subchondral focal lesions were hyperperfused. 
These 5 patients had associated meniscal lesions.   

CONCLUSION
Our study shows that subchondral lines and spots found in patients with BMES do not develop 
into AVN. Subchondral lines, which resemble subchondral insufficiency fractures, are associated 
with BMES. Subchondral focal T1-hypointense zones do not represent AVN; most probably these 
areas represent reparative processes within the subchondral bone, where tensile and shear force 
overload is present due to altered biomechanics.
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is possible (2–8). It is subject to controver-
sial discussions as to whether subchondral 
insufficiency fractures or microfractures are 
the underlying reason for a BMES. Avascular 
necrosis (AVN) is an important differential 
diagnosis of BMES, since it also presents 
with pain and impaired mobility and affects 
mainly the subchondral bone. In AVN, im-
paired perfusion leads to osteocyte dam-
age and necrosis, which often ends in an 
infraction of the subchondral bone (9). The 
ongoing controversy about the etiology 
and natural history of BMES and AVN high-
lights the importance of a correct diagnosis 
since this influences a proper and effective 
therapy. There is sometimes diagnostic 
uncertainty about the correct diagnosis of 
BMES on morphologic magnetic resonance 
imaging (MRI), since subchondral findings 
like lines and spots can be misinterpreted 
as “beginning” or “possible” AVN. Only a lim-
ited number of studies have examined the 
time course of BMES (10, 11). Many pieces 
of the puzzle must be collected in order to 
properly understand the disease and thus 
be able to treat it.

The aim of our study was to systematical-
ly assess the temporal course of BMES from 
first diagnosis on MRI until the end of clini-
cal symptoms and the full disappearance of 
BME to determine if subchondral lines and 
spots detected in these patients can devel-
op into osteonecrosis. 

Methods
For this study, institutional review board 

approval was obtained (Project Nr. 187-10). 
Informed consent was obtained from all 
research subjects. The study collective was 
filtered from the picture archiving and com-
munication system (PACS) of our hospital and 
from a radiologic private practice institute. 

Patients
We used the keyword search for MRI re-

ports of the hip or knee including “transient 

bone marrow edema syndrome”, “TBMES”, 
“bone marrow edema syndrome”, “BMES”, 
“bone marrow edema”, “BME”, and “tran-
sient osteoporosis”. A total of 3691 hits were 
recorded, including examinations with the 
corresponding expressions in the clinical 
request, and not only in the assessment of 
the examinations. All these studies were 
screened for the presence of BME. Subse-
quently, we used clinical information, lab-
oratory data, and imaging to determine 
whether typical BMES was present, name-
ly in the form of an ill-defined area with 
hyperintense signal intensity on short tau 
inversion recovery (STIR) or proton density 
(PD)-weighted fat-saturated sequences and 
hypointense signal intensity on T1-weight-
ed sequences. Inclusion criteria were an 
acute onset of pain in the joint, the absence 
of trauma, and the confirmation of spon-
taneous resolution of symptoms and BME 
only with conservative treatment, as shown 
in the follow-up data. Exclusion criteria 
were all other conditions leading to BME 
in the subchondral bone, namely patients 
with joint or bone infection, rheumatoid 
arthritis, osteoarthritis, trauma, tumor, and 
typical osteonecrosis. Imaging character-
istics of these entities are well known and 
described in the literature (12–15). We put 
emphasis on the correct assessment of the 
shape of the low-intensity band on either 
T1-weighted or PD-weighted fat-saturat-
ed images, which in osteonecrosis has a 
smooth, concave appearance and circum-
scribes all the necrotic segments, while 
in subchondral insufficiency fractures it is 
generally irregular, serpiginous, and convex 
to the articular surface (16). Patients who 
had one of the exclusion criteria were not 
included. The evaluation of all examina-
tions was performed by two radiologists 
experienced in musculoskeletal imaging for 
over 10 and 7 years. This ultimately resulted 
in 52 patients with BMES. The patients who 
still had a BME in the last performed MRI 
were contacted by phone. In total, 3 of the 
52 patients could not be reached (1 patient 
died, 2 were no longer resident at the ad-
dress / telephone number). Thus, the study 
group comprised 49 patients. We contacted 
the patients eligible for the study to inquire 
whether external MRI scans had been per-
formed in the meantime, or whether they 
would be available for a follow-up MRI. In 
total, 171 MRI examinations and five dy-
namic contrast-enhanced MRI scans were 
examined in this study (49 baseline and 122 
follow-up examinations).

MRI examinations
MRI examinations were performed on 

scanners with magnetic field strengths of 
1.5 and 3 Tesla (Skyra, Verio, Aera, Avan-
to and Symphony, Siemens Healthineers 
GmbH). 

The sequence characteristics of the ex-
aminations in the radiologic private prac-
tice institute were as follows: 

Sequences for hip examinations were 
a coronal proton density (PD)-weighted 
sequence with TR/TE, 3070/26 ms; band-
width, 150 Hz/pixel; matrix, 358×512; field 
of view (FOV), 380×380 mm²; flip angle, 
180°; a coronal T1-weighted sequence with 
TR/TE, 647/15 ms; bandwidth, 120 Hz/pixel; 
matrix, 448×640; FOV, 380×380 mm²; flip 
angle, 180°; an axial PD-weighted sequence 
with TR/TE, 4440/36 ms; bandwidth, 160 Hz/
pixel; matrix, 202×512; FOV, 380×380 mm²; 
flip angle, 180°; and a sagittal PD-weighted 
sequence with TR/TE, 3900/36 ms; band-
width, 150 Hz/pixel; matrix, 244×384; FOV, 
220×220 mm²; flip angle, 176°.

Sequences for knee examinations were 
a coronal PD-weighted sequence with TR/
TE, 2830/41 ms, bandwidth, 149 Hz/pixel, 
matrix 314×448, FOV 150×150 mm², flip an-
gle, 180°; a coronal PD-weighted sequence 
with TR/TE, 2640/26 ms; bandwidth, 149 
Hz/pixel; matrix, 247×448; FOV, 150×150 
mm²; flip angle, 180°; a coronal T1-weight-
ed sequence with TR/TE, 500/12 ms; band-
width, 140 Hz/pixel; matrix, 274×448; FOV, 
150×150 mm²; flip angle, 180°; and an axial 
PD-weighted sequence with TR/TE, 4000/38 
ms; bandwidth, 151 Hz/pixel; matrix, 
274×448; FOV, 150×150; flip angle, 180°.

The sequence characteristics of the ex-
aminations in our hospital were as follows:

Sequences for hip examinations were a 
coronal PD-weighted sequence with TR/TE, 
3430/39 ms; bandwidth, 264 Hz/pixel; ma-
trix, 356×512; FOV 380×380 mm²; flip angle, 
180°; a coronal T1-weighted sequence with 
TR/TE, 600/20 ms; bandwidth, 250 Hz/pixel; 
matrix, 346×512; FOV, 380×380 mm²; flip 
angle, 150°; an axial PD-weighted sequence 
with TR/TE, 2700/26 ms; bandwidth, 130 
Hz/pixel; matrix, 256×320; FOV, 160×160; 
flip angle, 148°; and a sagittal PD-weighted 
sequence with TR/TE, 3270/33 ms; band-
width, 252 Hz/pixel; matrix, 256×320; FOV, 
160×160 mm²; flip angle, 140°.

Sequences for knee examinations were 
a coronal PD-weighted sequence with TR/
TE, 3630/28 ms; bandwidth, 119 Hz/pixel; 
matrix, 304×320; FOV, 160×160; flip angle, 
180°; a sagittal PD-weighted sequence with 

Main points

• Subchondral lines and spots in patients with 
bone marrow edema syndrome do not devel-
op into osteonecrosis.

• Subchondral insufficiency fractures are associ-
ated with bone marrow edema syndrome and 
may be the reason for the edema.

• Subchondral hypointense zones in bone mar-
row edema syndrome may represent repara-
tive processes.



TR/TE, 3890/27 ms; bandwidth, 119 Hz/pix-
el; matrix, 288×320; FOV, 170×170 mm²; flip 
angle, 180°; an axial PD-weighted sequence 
with TR/TE, 4000/38 ms; bandwidth, 151 Hz/
pixel; matrix, 274×448; FOV, 150×150 mm²; 
flip angle, 90°; and a coronal T1-weighted 
sequence with TR/TE, 653/16 ms; band-
width, 85 Hz/pixel; matrix, 365×384; FOV, 
170×170 mm²; flip angle, 90°.

Evaluation of BME
We evaluated the baseline and follow-up 

examinations for the presence of BME and 
its extension within the bone marrow of the 
hip or the knee according to a visual scale 
which was adapted from Malizos et al. (11) 
as shown in Table 1. We regarded grade 0 
as endpoint and fully healed BMES. If the 
last available MRI examination still revealed 
a BME, we assessed its extension, and the 
patient received a follow-up MRI. If this still 
showed BME, the patient received a further 
follow-up MRI after 6–8 weeks of reduced 
weight bearing. 

We also recorded the presence of sub-
chondral focal hypointense zones. This 
was defined as a subchondral zone, which 
appears round or biconvex in shape and 
shows strong hypointensity on T1-weight-
ed images. This was first described by 
Vande Berg (17). We measured the size of 
the subchondral focal hypointense zone in 
its left-right and craniocaudal extent and 
calculated the area in cm2.

In five patients with BMES of the knee, 
a subchondral focal hypointense zone re-
mained in the follow-up for more than one 
year after the initial MRI scan. These pa-
tients received an additional MRI including 
a dynamic contrast-enhanced perfusion 
sequence with high temporal resolution to 
assess blood perfusion within these areas. 
The perfusion studies were performed with 
a fast three-dimensional gradient echo se-
quence with an effective temporal resolu-
tion of 3.3 s. Sixteen parallel coronal slices 
with 37.5% oversampling were measured 
to depict both the lesion in the joint and the 
popliteal artery. The lumen of the popliteal 
artery was used to determine the arterial 
input function. A slice thickness of 4 mm 
and a square FOV with 160×160 mm2 was 
selected. The following parameters were 
used: TR/TE, 4.78/2.46 ms; matrix 256×245; 
18° flip angle; bandwidth 500 Hz per pixel. 
Dynamic imaging was accelerated by par-
tial k-space sampling and parallel imaging 
(GRAPPA technique, acceleration factor 3, 

24 reference lines). Further improvement 
in temporal resolution was achieved using 
time-resolved angiography with stochastic 
trajectories (TWIST) with a central region of 
17% and a peripheral scan density of 25%. 
To calculate the baseline, image data was 
taken over a period of 10 s prior to con-
trast administration. Subsequently, a bo-
lus containing 0.1 mmol/kg of a 0.5 mol/L 
gadopentetate dimeglumine solution 
(Magnevist, Bayer Schering Pharma) was in-
jected intravenously at 3 mL/s, followed by 
a 25 mL saline bolus. In total, 106 dynamic 
image stacks were acquired. The total mea-
surement time for the dynamic contrast-en-
hanced sequence was 5 min and 54 s.

The evaluation of dynamic contrast-en-
hanced MRI was carried out with the soft-
ware PMI 0.4, Platform for Research in Med-
ical Imaging (18). The studies were assessed 
independently by two radiologists. For sta-
tistical analysis, divergent cases were reeval-
uated by the two radiologists who formed a 
consensus decision after careful consider-
ation and discussion of the image features. 
We performed first an independent reading 
of the images and second a consensus read-
ing where discrepancies were clarified. Con-
sensus was reported by the two radiologists 
after reading and discussing all images and 
the results from the independent reading 
session, as if only one observer had read 
the images. Inter-rater reliability was calcu-
lated using Cohen’s-kappa. Kappa values <0 
indicated no agreement, 0–0.20 indicated 
slight, 0.21–0.40 fair, 0.41–0.60 moderate, 
0.61–0.80 substantial, and 0.81–1 indicated 
almost perfect agreement. Kappa values for 
the independent reading and the results of 
the consensus reading are shown in the re-
sults section herein.

A model-free deconvolution analysis, 
which did not include assumptions on the 
internal structure of the tissue, was per-
formed to produce parameter maps of plas-
ma flow (PF) and mean transit time (MTT). A 
region-of-interest was defined in the lumen 

of the external iliac or the popliteal artery 
respectively to extract the arterial input 
function. Maps of PF were calculated on a 
pixel-by-pixel basis as the maximum of the 
impulse response function, and maps of 
MTT were calculated as the ratio of the time 
integral to the maximum impulse response 
function for each pixel (19, 20).

All MRI scans were read for the presence 
of subchondral insufficiency fractures (SIF) 
(21). SIF was diagnosed when a linear sub-
chondral hypointense line was present on 
either T1-weighted or PD-weighted fat-sat-
urated images within epiphyseal edema, 
which showed an irregular, serpiginous, and 
convex to the articular surface (16). The di-
ameter was measured, and it was observed 
if they disappeared/healed over time. 

Statistical analysis
The statistical evaluation of the results 

was done with MedCalc Statistical Soft-
ware version 18 (MedCalc Software) using 
descriptive statistics. Descriptive statistics 
of the data are presented with n (%) and 
median (min-max) for non-normalized 
variables and as mean ± standard devia-
tion (SD) for normal distributions. Normal 
distribution was tested with the Kolmog-
orov-Smirnov-Test, with P < 0.05 rejecting 
normal distribution. An alpha value of 0.05 
was chosen.

Results
In this partially prospective and partially 

retrospective study, a total of 49 patients 
(21 women and 28 men) were included. 
An overview of the descriptive statistics is 
given in Table 2. The patient age was be-
tween 22 and 71 years with a mean age 
of 47.5±11.9 years (women 46.4±14 years, 
men 48.3±10.4 years) at the time of the first 
MRI scan. Twenty-one knee joints (42.9%, 9 
female, 12 male) and 28 hip joints (57.1%, 
12 female, 16 male) were evaluated. 

The initial examination showed BME 
grade 1 in 2 patients (4.1%; 1 knee, 1 hip), 
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Table 1. Grading of the BME 

0 1 2 3 4

Hip No BME BME <50% of 
femoral head 

BME >50% of 
femoral head

BME including 
femoral neck

BME including  
intertrochanteric region

Knee No BME BME <50%  
of epiphysis 

BME >50% of 
epiphysis

BME including 
metaphysis

BME including diaphysis

BME, bone marrow edema.
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grade 2 in 5 patients (10.2%; 5 knees), grade 
3 in 20 patients (40.8%; 12 knees, 8 hips) 
grade 4 in 22 patients (44.9%; 3 knees, 19 
hips). In 44 out of 49 patients (89.8%), MRI 
follow-up documented full disappearance 
of BMES after a median 9 months (range, 

2–91 months) without any residual alter-
ations (Fig. 1). For all examinations (base-
line and follow-up) there was also almost 
perfect agreement between the two read-
ers for assessing the presence and grade of 
BME (kappa values, 0.95–1.00).

In 14 out of 49 patients (28.6%), a sub-
chondral focal hypointense zone was 
found (6 knees, 8 hips). At baseline, sev-
en patients (50% of patients with sub-
chondral focal hypointense zone) already 
showed a subchondral focal hypointense 
zone. The other seven patients (50% of pa-
tients with subchondral focal hypointense 
zone) showed a subchondral focal hy-
pointense zone at one of the follow-up 
MRI scans after 1–4 months. Its mean hor-
izontal extension was 1.10±0.51 cm and 
its median craniocaudal extension was 0.3 
cm (range, 0.1–0.9 cm). The mean area of 
the subchondral focal hypointense zone 
was 0.47±0.39 cm². Nine subchondral focal 
hypointense zones (64.3% of patients with 
subchondral focal hypointense zone; i.e., 
18.4% of all 49 patients) healed after a me-
dian of 5.5 months (range, 1–85 months). 
In five patients (35.7% of patients with 
subchondral focal hypointense zone; i.e., 
10.2% of all 49 patients), the subchondral 
focal hypointense zone remained until the 
end of the study (more than 85 months af-
ter the initial MRI). This was only observed 
in knee joints and not in hips. The dynamic 
contrast-enhanced MRI with high tempo-
ral resolution showed strongly increased 
PF in the subchondral focal hypointense 
zones in all cases. All patients with these 
persistent lesions had damage in the ad-
jacent meniscus without history of acute 
trauma (horizontal meniscal tear, n=3, 60% 
of patients with persistent lesions; menis-
cal protrusion, n=2, 40% of patients with 
persistent lesions) (Fig. 2). The agreement 
between the two readers was almost per-
fect in all examinations (baseline and fol-
low-up) in the assessment of the subchon-
dral focal zones (kappa values, 0.86–1.00).

In 27 out of 49 patients (55.1%), a SIF was 
detected (12 knees, 15 hips). In 18 patients 
(66.7% of patients with SIF; i.e., 55.1% of all 
49 patients), a SIF was detected in the first 
MRI exam. The other 9 subjects (33.3% of 
patients with SIF; i.e., 18.4% of all 49 pa-
tients) developed a SIF within 1–5 months 
after the first MRI. The mean length of the 
SIFs was 1.27±0.67 cm. SIFs occurred af-
ter a median of 0.0 months (range, 0.0–5.0 
months). All SIFs completely healed after a 
median of 12 months (range, 1–69 months) 
during the study (Fig. 3). The agreement be-
tween the two readers was almost perfect 
in all examinations (baseline and follow-up) 
in the assessment of SIF (kappa values, 
0.98–1.00). 

Figure 1. a, b. A 61-year-old patient with typical BMES and pain in his left knee joint, starting 2 
months before baseline MRI after hiking. No trauma was reported. Coronal PD-weighted fat-saturated 
image (a) shows bone marrow edema (grade 4). Image (b) shows fully resolved bone marrow edema 
after 12 months.

a b

Table 2. Descriptive statistics of the patients with BME

n (%) mean±SD / median (range)

Age, all patients (years) 49 (100) 47.5±11.9

Women (years) 21 (42.9) 46.4±14 

Men (years) 28 (57.1) 48.29±10.4

BME disappeared after (months) 44 (89.8) 9 (2–91) 

Subchondral focal hypointense zone 14 (28.6)

Horizontal extension (cm) 1.10±0.51 

Craniocaudal extension (cm) 0.30 (0.1–0.90) 

Area (cm²) 0.47±0.39 

Subchondral focal hypointense zone healed 
after (months) 

9 (18.4) 5.5 (1–85) 

SIF, n (%) 27 (55.1)

Length (cm) 1.27±0.67

Occurrence after first MRI (months) 0.0 (0.0–5.0)

Healed after (months) 12.0 (1.0–69.0)

Data are presented as mean±SD (if the assumption of normality is provided) or median and min-max (if not 
normally distributed).
SD, standard deviation; BME, bone marrow edema; SIF, subchondral insufficiency fracture; MRI, magnetic reso-
nance imaging.



Discussion
The potential role of BME as a precursor of 

AVN has previously been debated controver-
sially. Initially BME was considered as the ear-
ly stage of AVN (22, 23). Three studies did not 
find BME in early stages of AVN before the 
appearance of the “band-like sign”. Kim et al. 
(24) reviewed the MRI examinations of 200 
patients with histologically confirmed AVN 
of the femoral head and found that BME was 
not seen before the band-like sign could be 
detected. BME was detected in two patients 
at stage II and in 53 patients at stage III AVN. 
Fujioka et al. (25) prospectively examined 

the hip MRI scans  of 57 renal transplant re-
cipients who received immunosuppression 
with steroids and cyclosporine A or FK506. 
The scans were performed preoperatively 
and after 3–6 weeks, 9–12 weeks, 24 weeks, 
and after 12 months. Twelve patients devel-
oped band like patterns typical for osteone-
crosis. None of the 57 patients showed BME 
preceding osteonecrosis. Kubo et al. (26) 
examined 51 renal allograft recipients. At 
baseline, no patient showed abnormalities 
in MRI of the hips. In their study, 23 femoral 
heads showed a band-like pattern between 
6 weeks and 12 months after transplanta-
tion. As in the other two studies, BME was 

not present prior to the appearance of the 
band-like signal changes. Meier et al. (27) 
showed that BME is a phenomenon which 
occurs in the advanced course of femoral 
head AVN. It represents failure of the spongy 
microarchitecture of the femoral head with 
the appearance of microfractures.

In our cohort of patients with BMES, we 
tested the contrary assumption, namely 
that BME never precedes osteonecrosis in 
the hip and knee. In 44 of the 49 patients, 
we found complete healing of the BME 
without any remnants. None of the 49 pa-
tients showed a “band-like sign” typical for 
osteonecrosis in any MRI.
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Figure 2. a–f. A 46-year-old male patient with BMES in the right knee. In image (a), a diffuse edema 
(arrows, grade 2) is shown in the medial femoral condyle. The T1-weighted image (b) from the 
baseline MRI shows a focal hypointense zone (arrows). The follow-up MRI 16 weeks after baseline (c) 
shows regression of edema. On T1-weighted image (d) a small subchondral focal hypointense zone 
persisted. Dynamic contrast-enhanced MRI shows the subchondral area with markedly increased 
plasma flow (PF) (e) and low mean transit time (MTT) (f). Please also note the meniscal tear with 
extrusion of the meniscus (a).

d

a

e

b

f

c
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This is consistent with the studies of oth-
er authors. Karantanas et al. (28) retrospec-
tively reviewed the MRI examinations of 
22 patients with BMES of the knee. The pa-
tients had persistent knee pain for 2 weeks 
to 6 months before the first MRI scan. In 
addition, they were followed clinically for 
at least 2 years after complete resolution 
of symptoms and MRI findings. The BME 
healed in all patients without residual al-
terations. Malizos et al. (11) retrospectively 
reviewed the MRI examinations of 42 pa-
tients with hip-associated BMES. The first 
MRI scans were performed at a mean of 
12.5 weeks after symptom onset and the 
second MRI scans at a mean of 24 weeks 
after symptom onset. Under conservative 
treatment with analgesics and antiresorp-
tive medication combined with restriction 
of physical activities, all BMES healed with-
in 18 months. Vande Berg (29) examined 
67 patients with BMES in 72 affected hips. 
Apart from extension of edema, 3 sub-
chondral lesions (SIF, focal subchondral 
hypointense zones, epiphyseal focal infrac-
tion) were identified. The majority of BME 
were transient and healed (57/72). In their 
study, 15 lesions especially larger subchon-
dral hypointense zones (> 4 mm width and 
>12.5 mm in length) did not heal. Patients 
with lack of additional subchondral chang-
es had a 100% positive predictive value to 
be transient. 

Finally, in the study by Lecouvet et al. (30), 
which examined 23 nontraumatic lesions 
in 23 patients with bone marrow edema 
pattern in the femoral condyles, 14 lesions 
showed complete resolution and 9 lesions 
evolved to collapsed osteonecrosis. The 

authors concluded that absence of T2-hy-
pointense subchondral areas on the initial 
T2-weighted images was always indica-
tive of complete reversibility at follow-up, 
whereas lesions that showed such low-sig-
nal intensity subchondral areas could be ei-
ther transient or irreversible. Notably, they 
found that a cutoff length of more than 14 
mm or a thickness of more than 4 mm were 
indicative of evolution to collapsed osteo-
necrosis. However, the authors noted that 
the exact significance of these subchondral 
areas remained unknown (30). In our study, 
we observed subchondral hypointense ar-
eas smaller than the cutoff dimensions de-
fined by Lecouvet et al. (30), namely, with a 
mean horizontal extension (i.e., length) of 
1.10± 0.51 cm and a median craniocaudal 
extension (i.e., thickness) of 0.30 cm (0.10–
0.90 cm). Such hypointense areas did not 
evolve to collapsed osteonecrosis. 

In our cohort, we detected subchondral 
focal hypointense zones in 14 of 49 pa-
tients, which were no longer detectable in 9 
patients after a median of 5.5 months (1.0–
85.0 months). They showed round or oval 
shaped strong hypointensity on T1-weight-
ed images and slightly increased signal in-
tensity on PD-weighted fat-saturated imag-
es (Fig. 2). We were able to show that these 
subchondral focal hypointense zones pres-
ent with a markedly elevated PF, which cor-
responds to a high perfusion of the bone 
marrow in this area thereby excluding AVN. 
The perfusion pattern of these subchondral 
remnants has not been described before. It 
was often assumed that these lesions rep-
resent focal necrotic zones, which is proved 
wrong by our results. Our findings contrib-

ute to elucidating the significance of small 
subchondral hypointense areas (i.e., having 
a length of 14 mm or less or a thickness of 
4 mm or less) by showing that these are ei-
ther transient or persistent but with high 
perfusion. These observations can likely be 
attributed to the presence of reparative tis-
sue.

The discrimination of AVN and BMES with 
perfusion imaging was assessed in two for-
mer studies. Mueller et al. (31) examined 29 
patients with painful hip and BME pattern of 
the proximal femur with diffusion-weighted 
and dynamic contrast-enhanced sequenc-
es. They used a T1-weighted fast low-angle 
shot sequence with a temporal resolution 
of 10 s per image stack. Maximum enhance-
ment in the epiphysis was significantly 
higher in patients with SIFs and patients 
with BMES compared with patients with 
AVN. SIF and BMES showed no significantly 
different perfusion pattern. The authors ex-
plain the hyperemia of the epiphysis in SIF 
patients with reparative changes and a frac-
ture related hyperperfusion (31). Geith et al. 
(32) also found a hyperperfusion in the sub-
chondral epiphyseal bone in patients with 
BMES. They examined 19 joints with BMES 
and 17 joints with AVN using dynamic per-
fusion MRI with high temporal resolution, 
and calculated parameter maps for PF and 
MTT. The study revealed two perfusion pat-
terns, which did not overlap: BMES showed 
a subchondral focal to linear area of high PF. 
Osteonecrosis, on the other hand, revealed 
a convex focal subchondral area with low 
or no detectable PF adjacent to the joint 
surface, which was surrounded by a rim of 
high PF consistent with the hyperperfused 
granulation wall in AVN (32).

In the present study, all 5 patients with 
persisting subchondral focal hypointense 
zones were located at the knee and had a 
degenerative meniscal tear or meniscal ex-
trusion without a history of acute trauma or 
osteoarthritis. Other studies showed that 
meniscal damage can lead to a BMES in the 
affected compartment of the knee joint and 
that patients with meniscal damage are at 
a higher risk. The extent depended on the 
severity of the meniscal damage. Some 
authors attribute BME in these patients to 
disturbed biomechanics (33, 34). We also 
regard this mechanical damage as a possi-
ble cause of disturbed transmission of the 
pressure force between the articular surfac-
es in the knee joint. This is likely to result in 
persistent over-loading that prevents mi-
crofractures from healing. 

Figure 3. a, b. A 44-year-old male patient with BMES in his left hip joint, starting 3 months before 
baseline MRI. No trauma was reported. PD-weighted fat-saturated image (a) shows  extensive BME 
with a linear hypointense line corresponding to an insufficiency fracture in the left femoral head 
(arrow). Both BME as well as the SIF are no longer present after 15 months (b).

a b



SIF can be detected most sensitively us-
ing MRI (35). They were described by Vande 
Berg et al. (29) in 1996 in a series of renal 
transplant recipients. SIF appear as a linear 
hypointense signal paralleling the articu-
lar surface on T1-weighted or PD-weighted 
fat-saturated sequences associated with BME 
(Fig. 3). Insufficiency fractures are caused by 
a weakening of the bone in osteopenia or 
osteoporosis combined with normal loading 
or minor trauma. Predominantly, older and 
postmenopausal women are affected. Me-
niscal damage and meniscal resections are 
a risk factor for developing SIF in the knee. 
Originally, these lesions were termed sponta-
neous osteonecrosis of the knee, but recent 
studies define them as insufficiency fractures 
(36, 37). In our study, 55.1% of the patients 
showed SIF during the study period. In 18 pa-
tients, a SIF was detected in the first MRI. The 
other 9 subjects showed a SIF within one to 
five months after the first MRI. All SIF healed 
over time. 

Malizos et al. (11) found a prevalence of 
insufficiency fractures of about 4% in 42 pa-
tients with BMES of the hip, which all healed 
over time. Klontzas et al. (38) retrospectively 
evaluated 155 hips for the presence of SIF. 
In 48.7% of their study group, subchondral 
changes corresponding to SIF were detect-
ed. All patients in their study recovered 
completely with conservative treatment. 
No cases progressed to AVN. DEXA scans 
in this study showed that all patients had 
decreased osteodensity (either osteopenia 
or osteoporosis). This supports the hypoth-
esis that insufficiency fractures may be the 
cause of weakened bone or overload and 
lead secondarily to BME. Another risk fac-
tor for developing SIF are cartilage defects. 
Hackney et al. (39) retrospectively evalu-
ated the MRI examinations of 51 patients 
with SIF at the knee and found a significant 
association of SIF and cartilage defect size. 
Patients with cartilage defects or osteoar-
thritis were not included in our series.

Vande Berg et al. (17) prospectively ex-
amined 67 patients with BMES of the fem-
oral head. The patients had equivocal ra-
diographic findings. Follow-up took place 
after at least 24 months up to 72 months 
to determine the outcome of the lesions. 
Of 72 lesions, 57 proved to be transient 
and healed within 12–72 months. During 
their study, 44% of the patients showed 
subchondral hypointense lines, consistent 
with SIFs, similar in frequency to our study. 
The frequency of SIF was not significantly 

different between irreversible and transient 
lesions. In contrast to the study of Vande 
Berg (17), all patients with SIF in our study 
group healed completely with reduced 
weight bearing. 

We hypothesize that in most of the cas-
es with BMES without any other articular 
structural changes, SIF triggers the BMES. 
SIF can be detected in the early course of 
the disease; they always occur at the low-
er extremity where weight bearing plays 
a major role, and they are associated with 
osteoporosis. According to our results and 
the literature cited above, SIF and BME will 
resolve when conservative therapy with 
weight bearing reduction is employed. Se-
vere edema may mask a SIF so that it may 
not be detectable in every case at first MRI. 
This may be the reason why some SIFs 
could not be detected in the baseline MRI 
study in our cohort or why some authors 
report a lower rate of SIF in BMES.

A possible limitation of our study is that 
histologic correlation was not available due 
to ethical reasons, since treatment of BMES 
does not include surgical treatments with the 
possibility to acquire bone samples. Another 
limitation is that the patients did not receive 
follow-up MRI examinations in definite peri-
ods of time, so that the time course between 
the MRI exams differed in parts strongly. 
However, all patients who were enrolled, 
received follow-up MRIs until the complete 
resolution of symptoms and MRI alterations.

In conclusion, our study shows that sub-
chondral lines and spots, which can be found 
in patients with BMES, do not develop into 
AVN. Subchondral insufficiency fractures 
are associated with BMES and are probably 
the reason for TBMES of the hip and knee 
since they occur in early course of the dis-
ease and resolve after reduction of weight 
bearing. Subchondral focal T1-hypointense 
zones do not represent AVN; most probably, 
these areas represent reparative processes 
within the subchondral bone where tensile 
and shear force overload is present due to 
altered biomechanics.
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