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Abstract

Background: Choice of appropriate MR pulse sequence is important for any research studies using imaging-
derived data. The aim of this study was to compare semiquantitative assessment of subchondral bone marrow
edema-like lesions and subchondral cysts using intermediate-weighted (IW) fat-suppressed (fs) spin echo and Dual
Echo Steady State (DESS) sequences on 3 T MRI.

Methods: Included were 201 subjects aged 35-65 with frequent knee pain. 3T MRI was performed with the same
sequence protocol as in the Osteoarthritis Initiative (OAI). In a primary reading subchondral bone marrow edema-
like lesions were assessed according to the WORMS system. Two hundred subregions with such lesions were
randomly chosen. The extent of subchondral bone marrow edema-like lesions was re-evaluated separately using
sagittal IW fs and DESS sequences according to WORMS. Lesion size and confidence of the differentiation between
subchondral bone marrow edema-like lesions and subchondral cysts located within or adjacent to them was rated
from 0 to 3. Wilcoxon signed-rank tests and chi-square statistics were used to examine differences between the
two sequences.

Results: Of 200 subchondral bone marrow edema-like lesions detected by IW fs sequence, 93 lesions (46.5%) were
not depicted by the DESS sequence. The IW fs sequence depicted subchondral bone marrow edema-like lesions to
a larger extent than DESS (p < 0.0001), and the opposite was true for subchondral cysts. Confidence scores for
differentiation of the two types of lesions were not significantly different between the two sequences.

Conclusions: In direct comparison the IW fs sequence depicts more subchondral bone marrow edema-like lesions and
better demonstrate the extent of their maximum size. The DESS sequence helps in the differentiation of subchondral
bone marrow edema-like lesions and subchondral cysts. The IW fs sequence should be used for determination of lesion
extent whenever the size of subchondral bone marrow edema-like lesions is the focus of attention.
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Background
Subchondral bone marrow edema-like lesions (BML) are
defined as non-cystic areas of ill-delineated hyperinten-
sity on fluid-sensitive fast spin echo (FSE) fat suppressed
(fs) pulse sequences and of hypointensity on T1-weighted
(T1W) spin echo (SE) images [1]. They are one of the
features of osteoarthritis (OA) detected on MRI and are
observed regularly in conjunction with structural altera-
tions of adjacent cartilage. Higher prevalence and greater
volume of concomitant BMLs has been reported to asso-
ciated be with higher grades of cartilage loss [2].
As OA progresses, an increase in BML volume is seen

in the subchondral bone in many patients, and this is
positively correlated with an increase in cartilage loss in
the same region [2,3]. Subchondral cysts may be present
within or adjacent to a BML [4]. They are identified as
foci of markedly increased signal in the subchondral
bone with well delineated margins and no evidence of
internal marrow tissue or trabecular bone. Semiquantita-
tive assessment of subchondral BMLs and cysts is com-
monly performed on FSE sequences such as T2-weighted
(T2W), intermediate-weighted (IW) or proton density-
weighted (PDW) fs sequences [5] or short-tau inversion
recovery (STIR) sequence [6]. However, BMLs have also
been assessed on gradient recalled echo (GRE)-type
sequences such as Fast Low Angle Shot (FLASH) or
Spoiled Gradient Recalled (SPGR) [7] that are commonly
used for quantitative assessment of cartilage volume and
thickness due to their high contrast of cartilage to sub-
chondral bone [8]. There is an ongoing discussion
regarding the choice of MR pulse sequences that would
optimize BML assessment [9]. In light of this debate, a
head-to-head comparison of FSE and GRE sequences for
semiquantitative assessment of BMLs is needed to objec-
tively appreciate potential differences. The Osteoarthritis
Initiative (OAI) MRI protocol with sagittal IW fs and
DESS (Dual Echo Steady State, which is a T2-weighted
gradient echo sequence) sequences acquired at 3 T MRI
allows such a comparison.
The aim of our study was a comparison of semiquanti-

tative assessment of subchondral BMLs and subchondral
cysts using the DESS and IW fs sequences at 3 T MRI.
Due to lack of a definitive reference standard, this study
is primarily aimed at demonstrating how visualization of
subchondral BMLs and cysts differs by sequence and at
highlighting the strengths and weaknesses of each
sequence for assessment of those lesions.

Methods
Study subjects
Subjects included in the present study were participants
in the Joints On Glucosamine (JOG) cohort. The JOG
study is a 6-month double-blind randomized controlled
trial to examine the efficacy of oral glucosamine

supplementation. Two hundred and one participants,
aged 35 to 65, with mild to moderate chronic, frequent
knee pain (Western Ontario and McMaster Universities
(WOMAC) score ≥ 25 [10]) were recruited at the Univer-
sity of Pittsburgh, Pittsburgh, PA. Subjects were excluded
from JOG if they screened positive for rheumatoid arthri-
tis; had ankylosing spondylitis, psoriatic arthritis, chronic
reactive arthritis, or renal insufficiency that required
hemo- or peritoneal dialysis; were taking bisphospho-
nates or dietary supplements for knee pain in the 6
months prior to study entry; had a history of cancer
(except for non-melanoma skin cancer); had or planned
to have bilateral knee replacement surgery; or were
unable to walk without assistance. No BMLs of non-
degenerative origin (e.g. trauma) were found in this
study.
The baseline and follow-up MRI examinations of both

knees, when possible, of the 177 subjects who completed
the study were examined. Due to previous total knee
arthroplasty or the presence of radiographic end-stage
OA, eight participants had only one knee scanned, leav-
ing 346 knees that were included in the analyses.
Although the JOG Study itself was a longitudinal study,
the present study only involves a cross-sectional analysis
based on the MRI examinations taken at the baseline.
Institutional Review Board approval and all partici-

pants’ written informed consent were obtained for this
study.

MRI Acquisition
3 T MRI (Siemens Trio, Erlangen, Germany) was
acquired on the same MRI scanner that is used at the
Pittsburgh site of the OAI. The identical pulse sequence
protocol used for the OAI was applied in the JOG study,
excluding the FLASH sequence and the Multi-Echo Spin
Echo T2 mapping sequence. Details of the full OAI pulse
sequence protocol and the sequence parameters have
been published [11]. The protocol included a sagittal 3D
DESS sequence with water excitation (WE) (slice thick-
ness = 0.7 mm, interslice gap = 0 mm, repetition time
(TR) = 16.3 ms, echo time (TE) = 4.7 ms, flip angle = 25°,
field of view (FOV) = 140 mm × 140 mm, matrix = 384 ×
307 pixels, echo train length = 1, number of slices = 35,
bandwidth = 185 Hz/pixel, number of excitations = 1,
anterior/posterior phase encoding axis, acquisition
time = 10 minutes 23 seconds), and the sagittal inter-
mediate-weighted (IW) fat-suppressed (fs) 2D turbo spin
echo (TSE) sequence (slice thickness = 3 mm, interslice
gap = 0 mm, TR = 30 ms, TE = 3,200 ms, flip angle =
180°, FOV = 160 mm × 160 mm, matrix = 313 × 448 pix-
els, echo train length = 5, number of slices = 37, band-
width = 248 Hz/pixel, number of excitations = 1,
anterior/posterior phase encoding axis, acquisition
time = 4 minutes 42 seconds).
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MRI Assessment
One musculoskeletal radiologist (FWR) with 7 years
experience of standardized semiquantitative assessment
of knee OA, blinded to clinical data, read the baseline
MR images of all 346 knees using all 5 available
sequences. The MRI evaluation in JOG included the joint
features of subchondral BMLs, subchondral cysts, carti-
lage, meniscus, effusion and synovitis using the Whole
Organ Magnetic Resonance Imaging Score (WORMS)
method [12]. WORMS is a validated research tool for
semiquantitative assessment of knee OA. In WORMS,
subchondral BMLs are scored from 0 to 3 based on the
extent of subregional involvement (0 = none; 1 = < 25%
of the subregion; 2 = 25-50%; 3 = > 50%, Figure 1, 2a).
Similarly, subchondral cysts are also scored from 0 to 3
based on the lesion extent in regard to subregional invol-
vement (0 = none; 1 = < 25% of the subregion; 2 = 25-
50%; 3 = > 50%, Figure 2b) at baseline. Thus, the
WORMS score for subchondral BMLs and cysts is a sum
of percentage of subregion for each type of lesion and
does not give information on the number of lesions. In
the following, we will use the term subchondral BML and
subchondral cyst interchangeably for “percentage of the
area occupied by BML and cyst within a subregion” as
defined in WORMS. Altogether 654 subregions exhibit-
ing subchondral BMLs were observed in 262 knees. Two

hundred subregions exhibiting subchondral BMLs from
63 knees of 42 subjects in the primary reading were ran-
domly chosen for the consequent direct sequence com-
parison. One hundred and ten of these 200 subregions
also exhibited subchondral cysts.
In a second consensus reading by two experienced mus-

culoskeletal radiologists (FWR, AG) with 7 and 9 years
experience in standardized semiquantitative MR assess-
ment of knee OA, these 200 subregions were re-evaluated
using the sagittal 3D DESS and sagittal IW fs TSE
sequences only. Readings for both sequences were per-
formed separately with a time interval of 4 weeks to avoid
recognition bias. All subregions were re-evaluated for
lesion size of subchondral BMLs and cysts. Further, confi-
dence of the differentiation between these two types of
lesions was rated on a 0-3 scale (0 = unable to differenti-
ate; 1 = doubtful differentiation; 2 = may be able to differ-
entiate with some confidence; 3 = able to differentiate
with definite confidence). Wilcoxon signed-rank tests for
paired comparisons of clustered data were used to exam-
ine if there were statistically significant differences
between the two sequences, and clustering by person was
controlled [13]. All analyses were performed using SAS®

software (Version 9.2 for Windows; SAS Institute, Cary, NC).

Results
Of the 177 participants who completed the study, mean
age at enrollment was 52.3 (SD ± 6.2). There were
slightly more men than women (53.7% men) and patients
were on average overweight (mean BMI 29.1 ± 4.1). Of
the 200 subregions assessed with BML scores > 0 at the

Figure 1 Regional subdivision of the articular surfaces of the
tibiofemoral joint of the knee. The femur and tibia are divided
into lateral (L) and medial (M) regions, with the trochlear groove of
the femur considered part of the M region. Region S represents the
portion of the tibia beneath the tibial spines. The femoral and tibial
surfaces are further subdivided into anterior (A), central (C) and
posterior (P) regions. Region A of the femur corresponds to the
patellofemoral articulation; region C the weight bearing surface and
region P the posterior convexity that articulates only in extreme
flexion. Region C of the tibial surface corresponds to the uncovered
portion between the anterior and posterior horns of the meniscus
centrally and the portion covered by the body of the meniscus
peripherally.

Figure 2 Schematic illustration of semiquantitative scoring
system for subchondral bone marrow edema-like lesions and
subchondral cysts using the Whole Organ Magnetic Resonance
Imaging Score (WORMS). a: Scoring of subchondral bone marrow
edema-like lesions. The score is based on the extent of regional
marrow involvement by areas of free water signal with ill-defined
margins. b: Scoring of subchondral cysts. The score is based on the
extent of focal bone loss through individual cysts (illustrated in the
central region) or multiple cysts (illustrated in the posterior region)
subchondrally.

Hayashi et al. BMC Musculoskeletal Disorders 2011, 12:198
http://www.biomedcentral.com/1471-2474/12/198

Page 3 of 8



primary reading, 88 were found in the left knee and 112
in the right knee; 81 (41%) were found in the medial,
24 (12%) in the lateral tibiofemoral compartments, and
94 (48%) were detected in the patellofemoral compart-
ments (Table 1).
The IW fs sequence demonstrated size of subchondral

BMLs as being larger in 186 (93.0%) subregions when
compared to the DESS (Wilcoxon signed-rank test, p <
0.0001) (Table 2). This includes presence of subchondral
BMLs on the IW fs sequence and absence on the DESS
sequence. These were depicted larger by one grade in
119 (59.5%), by two grades in 52 (26.0%) and by three
grades in 15 (7.5%) subregions (Figure 3). For subregions
in which subchondral BMLs were depicted in both
sequences, the corresponding numbers for one grade and
two grade differences (i.e. larger in IW fs sequence) were
64 (59.8%) and 29 (27.1%). Fourteen (7.0%) subregions
were scored with the same grade in both sequences. In
no case did the IW fs exhibit the lesions as being smaller
when compared to the DESS. Ninety three (46.5%) subre-
gions with subchondral BMLs on the IW fs sequence did
not exhibit any such lesions on the DESS.
In contrast, for subchondral cysts, the DESS sequence

demonstrated the lesions to a larger extent than the IW fs
sequence in 40 cases (36.4%) (Wilcoxon signed-rank test,
p < 0.0001) (Table 3). Seventy six lesions (69.1%) were
scored with the same grade in both sequences (Figure 4),
and in only one case did the IW fs sequence demonstrate
the lesion to a larger extent than the DESS.
The distribution of the confidence ratings for the differ-

entiation of subchondral BMLs and cysts varied between
the sequences (Table 4), but by the Wilcoxon sign-rank
test, the sequences were not different (p = 0.93). The con-
fidence score was higher in the IW fs sequence in 41

lesions (20.5%), higher in DESS sequence in 85 lesions
(42.5%), and the scores were the same in 74 (37%) lesions.

Discussion
Summarizing our results, we found that subchondral
BMLs were more conspicuous and appeared larger when
using the sagittal IW fs TSE sequence, compared with
the sagittal DESS sequence. Conversely, subchondral
cysts appeared larger when using the DESS sequence.
Confidence ratings for the differentiation of subchondral
BMLs and cysts were not significantly different between
the two sequences.
Choice of appropriate pulse sequences is a very impor-

tant issue in MRI-based OA research. As we have shown,
the extent of subchondral BMLs will be underestimated,
or lesions might be completely missed by using the DESS
sequence. Subchondral BMLs are an important feature of
knee OA that is associated with pain [14] and cartilage
damage [2]. Multiple publications have utilized MRI-
assessment of subchondral BMLs, with most of these
applying semiquantitative approaches [2,4,7,15] and others
applying quantitative methodology [16-18]. However some
of the results presented in these studies should be inter-
preted carefully, since GRE-type sequences that may not
fully depict subchondral BMLs were used [7].
GRE-type sequences, even with robust fat suppression

or water excitation, are notoriously insenstitive to bone
marrow abnormalities due to trabecular magnetic sus-
ceptibility of T2* effects, which may result in underesti-
mation of the size of subchondral BMLs [19,20]. Recent
studies have demonstrated that these sequences are also
less sensitive in the detection of subchondral BMLs when
using FSE sequences as the reference standard [21,22].
These results were summarized and published in a con-
sensus statement by Outcome Measures in Rheumatol-
ogy Clinical Trials (OMERACT) and Osteoarthritis
Research Society International (OARSI) in 2006 [5]. Our
results are in line with these previous publications and
further strengthen the case that GRE-type sequences are
inappropriate for assessment of subchondral BMLs.

Table 1 Distribution of non-cystic bone marrow lesions
according to their locations

Location* Frequency (Percent)

Tibiofemoral joint 105 (52.5)

Subspinous 27 (13.5)

Lateral femur (central and posterior) 8 (4.0)

Lateral tibia 16 (8.0)

Medial femur (central and posterior) 28 (14.0)

Medial tibia 26 (13.0)

Patellofemoral joint 95 (47.5)

Lateral femur (anterior) 24 (12.0)

Medial femur (anterior) 15 (7.5)

Lateral patella 34 (17.0)

Medial patella 22 (11.0)

* According to the Whole Organ Magnetic Resonance Imaging Score
(WORMS), the knee joint is classified into tibiofemoral joint (including
subspinous subregion, central and posterior, lateral and medial femoral
subregions and lateral and medial tibial subregions) and patellofemoral joint
(including anterior lateral and medial femoral subregions, and lateral and
medial patellar subregions).

Table 2 Comparison of the extent of non-cystic BMLs (n
= 200) as semiquantitatively evaluated using
intermediate-weighted (IW) fat-suppressed (fs) and Dual
Echo Steady-State (DESS) sequences

IW fs DESS

Score Frequency (%) Frequency (%)

0 0 (0) 93 (46.5)

1 67 (33.5) 100 (50.0)

2 84 (42.0) 7 (3.5)

3 49 (24.5) 0 (0)

*Overall, IW fs sequence demonstrated the lesions to a larger extent than
DESS sequence (Wilcoxon signed-rank test controlling for clustering by
person, p < 0.0001).
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It has been shown that contrast-enhanced T1-weighted
fs sequences may also be used and may offer equivalent
diagnostic performance for subchondral BML evaluation
compared to non-enhanced PDw FSE sequences [16], but
administration of a contrast agent is not routine for assess-
ment of OA knees, except when synovitis evaluation is the
center of attention.
Although we focused on subchondral BMLs that are of

degenerative origin only, they can represent a variety of
pathologies [23]. Since this study demonstrated their
appearance may vary depending on the MRI pulse
sequence used, one should be cautious when evaluating
BMLs even if they are non-degenerative in origin.
Subchondral cysts are better delineated by the DESS

sequence. In this situation, the insensitivity of GRE-type
sequences to subchondral BMLs is actually advantageous

[5], and the borders between subchondral BMLs and
cysts are more clearly delineated than by FSE sequences.
The IW fs sequence usually delineates less clearly the
sclerotic rim of the cyst when compared to the DESS
sequence, and thus a peripheral portion of the cyst might
be attributed to be ill-defined on the IW fs sequence.
This may be the reason why the cysts appear larger on
the DESS sequence.
Thus far, studies have shown no association between the

presence of subchondral cysts and pain in subjects with
knee OA [24,25], and thus clinical research efforts tend to
be more focused on subchondral BMLs, whose association
with pain has been clearly demonstrated [14,26]. Ideally,
all research protocols should include both a GRE-type
sequence and a FSE fs sequence [5], but if practical rea-
sons (e.g. funding issues) limit the number of sequences
that can be acquired in a given study, FSE fs sequences
should be acquired in preference to GRE-type sequences
whenever subchondral BMLs are the focus of study.
Limitations of the present study include a lack of refer-

ence standard. Thus, the true size of subchondral BMLs
was not assessed by either sequence. One might poten-
tially argue that an IW fs sequence overestimates the
extent of the lesion relative to the DESS sequence.
Although this cannot be ruled out completely, based
upon current knowledge, we believe it is more likely that
IW fs depicts the maximum extent of subchondral BMLs
[6]. Zanetti et al. showed that the location of ‘bone mar-
row edema-pattern signal alteration’ (which is the same
as the subchondral BML in our study) on one of the

Figure 3 61-year old woman with medial tibio-femoral knee osteoarthritis. a: Sagittal intermediate-weighted (IW) fat-suppressed image
depicts a grade 2 subchondral bone marrow edema-like lesion at the central medial tibial plateau that extends to the anterior subregion (long
white arrows show the approximate location of the ill-defined margin of the lesion). In addition, there is a grade 1 subchondral bone marrow
edema-like lesion at the posterior medial femur (short white arrows show the approximate location of the ill-defined margin of the lesion). b:
Sagittal Dual Echo Steady-State (DESS) image shows no bone marrow edema-like lesion in neither the femur nor the tibia.

Table 3 Comparison of the extent of cystic BMLs (n =
113) as semiquantitatively evaluated using intermediate-
weighted (IW) fat-suppressed (fs) and Dual Echo Steady-
State (DESS) sequences

IW fs DESS

Score Frequency (%) Frequency (%)

0 17 (15.5) 0

1 73 (66.4) 74 (67.3)

2 13 (11.8) 28 (25.5)

3 7 (6.4) 8 (7.3)

*Overall, DESS sequence demonstrated the lesions to a larger extent than IW
fs sequence (Wilcoxon signed-rank test controlling for clustering by person, p
< 0.0001).
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fluid-sensitive non-GRE type sequences (STIR) corre-
sponded to the area of bone marrow edema-like changes
as confirmed by histological analysis [6]. No study has
confirmed if the extent of subchondral BMLs as seen on
GRE-type sequences matched that seen on histological
examination. Another limitation that must be noted is
that the imaging evaluation occurs at only one time
point, and thus we are unable to comment on each
sequence’s sensitivity to change in a longitudinal study.
Lastly, we did not evaluate the state of hyaline cartilage
and their appearances in the two types of pulse sequences
because it was deemed outside the scope of the present
study. However, interested readers are directed to a

recently published article which compared semiquantita-
tive assessment of focal cartilage damage using the DESS
and IW fs sequences [27]. They demonstrated that the
IW fs sequence detected more and larger focal cartilage
defects than the DESS, but more intrachondral signal
changes were observed with the DESS.

Conclusions
Summarizing our findings, the maximum extent of sub-
chondral BMLs seems to be depicted on the IW fs
sequence when compared directly to the DESS. The
DESS sequence helps in the differentiation of subchon-
dral BMLs and cysts, as it depicts cysts as being larger
than on the IW fs sequence. Further, the DESS may show
only the cysts and not the ill-defined subchondral BMLs.
Both sequences appear to be complementary and, based
on our results, clear superiority of one sequence over the
other could not be demonstrated. However, if the main
focus of any study is evaluation of subchondral BMLs,
assessment should be performed on FSE fs sequences
that depict these lesions to their maximum extent.
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3) subchondral bone marrow edema-like lesion at the lateral femoral trochlea (white arrows). Within this lesion, there is a small subchondral cyst
(grade 1) directly adjacent to the subchondral plate (black arrowhead). b: Corresponding sagittal Dual Echo Steady-State (DESS) image only
shows the small cyst (white arrow). The large bone marrow edema-like lesion is not depicted by the DESS. Consequently, the margin of the cyst
is more clearly delineated when compared to IW fs sequence.
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intermediate-weighted (IW) fat-suppressed (fs) and Dual
Echo Steady-State (DESS) sequences

IW fs DESS

Score Frequency (%) Frequency (%)

0 9 (4.5) 38 (19.0)

1 28 (14.0) 0 (0)

2 58 (29.0) 6 (3.0)

3 105 (52.5) 156 (78.0)

*By the Wilcoxon sign-rank test controlling for clustering by person, the difference
between the two sequences were not statistically significant (p = 0.9306).

Hayashi et al. BMC Musculoskeletal Disorders 2011, 12:198
http://www.biomedcentral.com/1471-2474/12/198

Page 6 of 8



analysis and interpretation of data, writing of the manu-
script, or the decision to submit the manuscript for
publication.

Abbreviations
IW: intermediate-weighted; fs: fat-suppressed; TR: repetition time; TE: echo
time; FOV: field of view; DESS: Dual Echo Steady State; FLASH: fast low angle
shot; SPGR: spoiled gradient recalled; FSE: fast spin echo; GRE: gradient-
recalled echo; STIR: short tau inversion recovery; WORMS: Whole Organ
Magnetic Resonance Imaging Score; BML: bone marrow lesion; OAI:
Osteoarthritis Initiative; OMERACT: Outcome Measures in Rheumatology
Clinical Trials; WOMAC: Western Ontario and McMaster Universities

Author details
1Quantitative Imaging Center, Department of Radiology, Boston University
School of Medicine, Boston, MA 02118, USA. 2Department of Radiology,
Klinikum Augsburg, Augsburg, Germany. 3Division of Rheumatology and
Clinical Immunology, University of Pittsburgh School of Medicine, Pittsburgh,
PA 15261, USA. 4Pittsburgh VA Healthcare System, Pittsburgh, PA 15240,
USA. 5Texas Woman’s University, Houston, TX 77030, USA. 6Department of
Health and Physical Activity, University of Pittsburgh, Pittsburgh, PA 15260,
USA.

Authors’ contributions
Guarantors of integrity of the entire study are AG and FWR. Study concepts
and design were drawn by DH, AG, CKK, MJH, CM, JMJ, SMG, and FWR.
Literature research was performed by DH, AG, and FWR. Clinical studies were
performed by AG, CKK, SMG, and FWR. Experimental studies/data analysis
were performed by DH, AG, CKK, MJH, and FWR. Statistical analysis was
performed by CKK and MJH. All authors contributed to the preparation and
editing of this manuscript, and read and approved the final version of the
manuscript.

Competing interests
Dr. Guermazi has received consultancies, speaking fees, and/or honoraria
(less than $10,000 each) from Facet Solutions, Genzyme, Stryker, and (more
than $10,000) from Merck Serono, and is the President of Boston Imaging
Core Lab (BICL), a company providing image assessment services. He
receives research grant funding from General Electric Healthcare. Dr. Roemer
is Vice President and shareholder of BICL. Dr. Kwoh receives research grant
funding from the Beverage Institute for Health & Wellness, The Coca-Cola
Company. None of the other authors have declared any possible conflict of
interest.

Received: 14 June 2011 Accepted: 9 September 2011
Published: 9 September 2011

References
1. Crema MD, Roemer FW, Marra MD, Guermazi A: MR imaging of intra- and

periarticular soft tissues and subchondral bone in knee osteoarthritis.
Radiol Clin N Am 2009, 47:687-701.

2. Roemer FW, Guermazi A, Javaid MK, Lynch JA, Niu J, Zhang Y, Felson DT,
Lewis CE, Torner J, Nevitt MC: Change in MRI-detected subchondral bone
marrow lesions is associated with cartilage loss: the MOST Study. A
longitudinal multicentre study of knee osteoarthritis. Ann Rheum Dis
2009, 68(9):1461-1465.

3. Marra MD, Crema MD, Chung MC, Roemer FW, Hunter DJ, Zaim S, Diaz L,
Guermazi A: MRI features of cystic lesions around the knee. Knee 2008,
15:423-438.

4. Crema MD, Roemer FW, Zhu Y, Marra MD, Niu J, Zhang Y, Lynch JA,
Javaid MK, Lewis CE, El-Khoury GY, Felson DT, Guermazi A: Subchondral
cystlike lesions develop longitudinally in areas of bone marrow edema-
like lesions in patients with or at risk for knee osteoarthritis: detection
with MR imaging–the MOST study. Radiology 2010, 256(3):855-862.

5. Peterfy CG, Gold G, Eckstein F, Cicuttini F, Dardzinski B, Stevens R: MRI
protocols for whole-organ assessment of the knee in osteoarthritis.
Osteoarthritis Cartilage 2006, 14(Suppl A):A95-111.

6. Zanetti M, Bruder E, Romero J, Hodler J: Bone marrow edema pattern in
osteoarthritic knees: correlation between MR imaging and histologic
findings. Radiology 2000, 215(3):835-840.

7. Wang Y, Wluka AE, Pelletier JP, Martel-Pelletier J, Abram F, Ding C,
Cicuttini FM: Meniscal extrusion predicts increases in subchondral bone
marrow lesions and bone cysts and expansion of subchondral bone in
osteoarthritic knees. Rheumatology (Oxford) 2010, 49(5):997-1004.

8. Eckstein F, Burstein D, Link TM: Quantitative MRI of cartilage and bone:
degenerative changes in osteoarthritis. NMR Biomed 2006, 19(7):822-854.

9. Roemer FW, Hunter DJ, Guermazi A: MRI-based semiquantitative
assessment of subchondral bone marrow lesions in osteoarthritis
research. Osteoarthritis Cartilage 2009, 17(3):414-415, author reply 416-417.

10. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW: Validation
study of WOMAC: a health status instrument for measuring clinically
important patient relevant outcomes to antirheumatic drug therapy in
patients with osteoarthritis of the hip or knee. J Rheumatol 1988,
15(12):1833-1840.

11. Peterfy CG, Schneider E, Nevitt M: The osteoarthritis initiative: report on
the design rationale for the magnetic resonance imaging protocol for
the knee. Osteoarthritis Cartilage 2008, 16:1433-1441.

12. Peterfy CG, Guermazi A, Zaim S, Tirman PF, Miaux Y, White D, Kothari M,
Lu Y, Fye K, Zhao S, Genant HK: Whole-Organ Magnetic Resonance
Imaging Score (WORMS) of the knee in osteoarthritis. Osteoarthritis
Cartilage 2004, 12(3):177-190.

13. Rosner B, Glynn RJ, Lee ML: The Wilcoxon signed rank test for paired
comparisons of clustered data. Biometrics 2006, 62(1):185-192.

14. Felson DT, Niu J, Guermazi A, Roemer FW, Aliabadi P, Clancy M, Torner J,
Lewis CE, Nevitt MC: Correlation of the development of knee pain with
enlarging bone marrow lesions on magnetic resonance imaging. Arthritis
Rheum 2007, 56:2986-2992.

15. Roemer FW, Neogi T, Nevitt MC, Felson DT, Zhu Y, Zhang Y, Lynch JA,
Javaid MK, Crema MD, Torner J, Lewis CE, Guermazi A: Subchondral bone
marrow lesions are highly associated with, and predict subchondral
bone attrition longitudinally: the MOST study. Osteoarthritis Cartilage
2010, 18(1):47-53.

16. Roemer FW, Khrad H, Hayashi D, Jara H, Ozonoff A, Fotinos-Hoyer AK,
Guermazi A: Volumetric and semiquantitative assessment of MRI-
detected subchondral bone marrow lesions in knee osteoarthritis: a
comparison of contrast-enhanced and non-enhanced imaging.
Osteoarthritis Cartilage 2010, 18(8):1062-1066.

17. Schmid MR, Hodler J, Vienne P, Binkert CA, Zanetti M: Bone marrow
abnormalities of foot and ankle: STIR versus T1-weighted contrast-
enhanced fat-suppressed spin-echo MR imaging. Radiology 2002,
224(2):463-469.

18. Mayerhoefer ME, Breitenseher MJ, Kramer J, Aigner N, Norden C,
Hofmann S: STIR vs. T1-weighted fat-suppressed gadolinium-enhanced
MRI of bone marrow edema of the knee: computer-assisted quantitative
comparison and influence of injected contrast media volume and
acquisition parameters. J Magn Reson Imaging 2005, 22(6):788-793.

19. Yoshioka H, Stevens K, Hargreaves BA, Steines D, Genovese M,
Dillingham MF, Winalski CS, Lang P: Magnetic resonance imaging of
articular cartilage of the knee: comparison between fat-suppressed
three-dimensional SPGR imaging, fat-suppressed FSE imaging, and fat-
suppressed three-dimensional DEFT imaging, and correlation with
arthroscopy. J Magn Reson Imaging 2004, 20(5):857-864.

20. Duc SR, Koch P, Schmid MR, Horger W, Hodler J, Pfirrmann CW: Diagnosis
of articular cartilage abnormalities of the knee: prospective clinical
evaluation of a 3D water-excitation true FISP sequence. Radiology 2007,
243(2):475-482.

21. Kijowski R, Blankenbaker DG, Klaers JL, Shinki K, De Smet AA, Block WF:
Vastly undersampled isotropic projection steady-state free precession
imaging of the knee: diagnostic performance compared with
conventional MR. Radiology 2009, 251(1):185-194.

22. Kijowski R, Blankenbaker DG, Woods MA, Shinki K, De Smet AA, Reeder SB:
3.0-T evaluation of knee cartilage by using three-dimensional IDEAL
GRASS imaging: comparison with fast spin-echo imaging. Radiology 2010,
255(1):117-127.

23. Roemer FW, Frobell R, Hunter DJ, Crema MD, Fischer W, Bohndorf K,
Guermazi A: MRI-detected subchondral bone marrow signal alterations
of the knee joint: terminology, imaging appearance, relevance and

Hayashi et al. BMC Musculoskeletal Disorders 2011, 12:198
http://www.biomedcentral.com/1471-2474/12/198

Page 7 of 8

http://www.ncbi.nlm.nih.gov/pubmed/19631076?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19631076?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18829615?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18829615?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18829615?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18559292?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20530753?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20530753?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20530753?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20530753?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16750915?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16750915?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10831707?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10831707?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10831707?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17075958?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17075958?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18948039?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18948039?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18948039?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3068365?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3068365?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3068365?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3068365?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18786841?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18786841?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18786841?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14972335?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14972335?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16542245?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16542245?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17763427?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17763427?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19769930?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19769930?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19769930?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20472082?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20472082?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20472082?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12147843?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12147843?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12147843?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16270290?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16270290?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16270290?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16270290?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15503323?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15503323?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15503323?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15503323?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15503323?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17400759?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17400759?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17400759?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19221057?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19221057?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19221057?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20173102?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20173102?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19358902?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19358902?dopt=Abstract


radiological differential diagnosis. Osteoarthritis Cartilage 2009,
17(9):1115-1131.

24. Kornaat PR, Bloem JL, Ceulemans RY, Riyazi N, Rosendaal FR, Nelissen RG,
Carter WO, Hellio Le Graverand MP, Kloppenburg M: Osteoarthritis of the
knee: association between clinical features and MR imaging findings.
Radiology 2006, 239:811-817.

25. Torres L, Dunlop DD, Peterfy C, Guermazi A, Prasad P, Hayes KW, Song J,
Cahue S, Chang A, Marshall M, Sharma L: The relationship between
specific tissue lesions and pain severity in persons with knee
osteoarthritis. Osteoarthritis Cartilage 2006, 14(10):1033-1040.

26. Felson DT, Chaisson CE, Hill CL, Totterman SM, Gale ME, Skinner KM, Kazis L,
Gale DR: The association of bone marrow lesions with pain in knee
osteoarthritis. Ann Intern Med 2001, 134:541-549.

27. Roemer FW, Kwoh CK, Hannon MJ, Crema MD, Moore CE, Jakicic JM,
Green SM, Guermazi A: Semiquantitative assessment of focal cartilage
damage at 3T MRI: A comparative study of dual echo at steady state
(DESS) and intermediate-weighted (IW) fat suppressed fast spin echo
sequences. Eur J Radiol 2010.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2474/12/198/prepub

doi:10.1186/1471-2474-12-198
Cite this article as: Hayashi et al.: Semiquantitative assessment of
subchondral bone marrow edema-like lesions and subchondral cysts of
the knee at 3T MRI: A comparison between intermediate-weighted fat-
suppressed spin echo and Dual Echo Steady State sequences. BMC
Musculoskeletal Disorders 2011 12:198.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Hayashi et al. BMC Musculoskeletal Disorders 2011, 12:198
http://www.biomedcentral.com/1471-2474/12/198

Page 8 of 8

http://www.ncbi.nlm.nih.gov/pubmed/19358902?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16714463?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16714463?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16713310?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16713310?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16713310?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11281736?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11281736?dopt=Abstract
http://www.biomedcentral.com/1471-2474/12/198/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study subjects
	MRI Acquisition
	MRI Assessment

	Results
	Discussion
	Conclusions
	Funding Sources
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


