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Objective: To determine the reproducibility of the quanti-

tative chemical shift-based water–fat separation method

with a multiecho gradient echo sequence [iteraterative

decomposition of water and fat with echo asymmetry

and least-squares estimation quantitation sequence

(IDEAL-IQ)] for assessing bone marrow fat fraction

(FF); to evaluate variation of FF at different bone sites;

and to investigate its association with age and

menopause.

Methods: 31 consecutive females who underwent pelvic

iterative decomposition of water and fat with echo

asymmetry and least-squares estimation at 3-T MRI were

included in this study. Quantitative FF using IDEAL-IQ of

four bone sites were analyzed. The coefficients of variance

(CV) on each site were evaluated repeatedly 10 times to

assess the reproducibility. Correlations between FF and

agewere evaluated on each site, and the FFs between pre-

and post-menopausal groups were compared.

Results: The CV in the quantification of marrow FF

ranged from 0.69% to 1.70%. A statistically significant

correlation was established between the FF and the age

in lumbar vertebral body, ilium and intertrochanteric

region of the femur (p,0.001). The average FF of post-

menopausal females was significantly higher than that of

pre-menopausal females in these sites (p,0.05). In the

greater trochanter of the femur, there was no significant

correlation between FF and age.

Conclusion: In vivo IDEAL-IQ would provide reliable

quantification of bone marrow fat.

Advances in knowledge: IDEAL-IQ is simple to perform in

a short time and may be practical for providing in-

formation on bone quality in clinical settings.

INTRODUCTION
Bone marrow is a dynamic organ which is composed of
fat, water and protein. The haematopoietic marrow of
the adult is approximately composed of 40% fat, 40%
water and 20% protein, whereas fatty marrow is com-
posed of 80% fat, 15% water and 5% protein.1 The
proportion of both marrows is thought to be related to
the remodelling capacity of the bone. Moreover, bone
strength has been shown to depend not only on bone
mineral density (BMD) but also on marrow quality,
and these factors have important implications in
osteoporosis.2

Since the marrow transformation process is seen earlier
on T1 weighted MR images than on macroscopic
analysis, MRI has become the non-invasive imaging
modality of choice in diagnosing bone marrow disorders.3

By contrast, relatively few MRI studies4,5 have examined
quantitative measurements of bone marrow. This is
typically performed with MR spectroscopy whereby
fat–water content is most accurately assessed. However,
MR spectroscopy has some drawbacks, such as long scan
time, small imaging range and a substantial amount of
post-processing and may be impractical in some clinical
settings.6,7

Iterative decomposition of water and fat with echo
asymmetry and least-squares estimation (IDEAL) imag-
ing is a new method that can steadily separate fat and
water by using three asymmetric echo times and the
three-point Dixon method.8 The use of IDEAL as a fat
quantification technique has been increasingly discussed
in the literature,9 and Meisamy et al10 recently reported
that IDEAL can accurately quantify fat by using MR
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spectroscopy as the reference standard in the liver. Our pur-
pose in this study was to determine the reproducibility of
the quantitative chemical shift-based water–fat separation
method with a multiecho gradient echo sequence [iterative
decomposition of water and fat with echo asymmetry and
least-squares estimation quantitation sequence (IDEAL-IQ)]
for assessing bone marrow fat content at 3-T MRI, to evaluate
variation of bone marrow fat content at different bone sites
and to investigate its association with age and menopause.

METHODS AND MATERIALS
Study population
Our institutional review board approved this study and in-
formed consent was waived. 45 consecutive female patients who
had undergone pelvic MR study including IDEAL-IQ at 3-T
MRI from April 2013 to December 2013 were retrospectively
evaluated. The medical records of each patient were reviewed by
one of the authors (SY) who did not analyze quantitative fat
content using IDEAL-IQ. Participants with malignant tumours,
haematopoietic disease, anaemia, diabetes mellitus, autoimmune
disease and those with severe liver and renal function, as
well as any fracture and advanced degenerative change on
screening X-rays, were excluded from this study. Finally, 31
(20 pre-menopausal and 11 post-menopausal) females were
included in this study. There were no patients with a body
mass index .35 kg m22 or ,18.5 kg m22 and none with a
history of BMD in the osteoporotic range.

MRI protocol
MRI was performed with a 3-T MRI unit (Discovery MR750W
3.0 T scanner; GE Healthcare, Waukesha, WI) and a 32-channel
phased-array torso coil. The patients underwent imaging in a
supine position. All patients underwent MRI covering the ver-
tebral body of L4 to the lesser trochanter of the femur, including
T2 weighted axial and coronal imaging and IDEAL-IQ. For
IDEAL-IQ, the following pulse sequences were used: 6 echoes
per repetition time, repetition time: 5.8ms, echo time min:
0.8ms, echo time spacing: 0.66ms, slice thickness: 8mm, field of
view: 453 45 cm, matrix: 1283 128, scan time: 16 s.

Quantitative image assessment
Quantitative fat fraction (FF) using IDEAL-IQ of 4 sites (lumbar
vertebral body of L4, ilium, intertrochanteric region and greater
trochanter of the femur) were analyzed. Maximum circular regions
of interest (ROIs) were drawn on the bone marrow of these sites
(Figure 1). T2 weighted axial and coronal images were used for
the reference. The selection of ROIs was performed manually by
one musculoskeletal radiologist (TA; with 20 years’ experience in
interpreting musculoskeletal MRI). The ROI sizes varied slightly
owing to different thickness of cortex among the patients but
were similar and specific for the anatomic structure. In lumbar
vertebral body, maximum circular ROI was drawn on the
centre carefully. The coefficients of variance (CV) on each site
were evaluated repeatedly 10 times to assess the reproducibility.

Statistical method
Statistical analysis of the relationship between FF and age was
evaluated on each site and was performed using Pearson’s
correlation. The FFs between pre- and post-menopausal groups

were compared with an unpaired t-test. All calculations were
performed by using the StatView software v. 5.0 (SAS® Institute
Inc., Cary, NC). For reproducibility estimations, the CV
(standard deviation divided by mean) was calculated across the
10 repetitions for each anatomic location and each subject.

RESULTS
The CV in the quantification of bone marrow fat content ranged
from 0.69% to 1.70%. A statistically significant correlation was
established between the FF and the age in lumbar vertebral body,
ilium and intertrochanteric region of the femur (r5 0.77,
p, 0.001; r5 0.80, p, 0.001; r5 0.63, p, 0.001, respectively)
(Figure 2). The average FF of post-menopausal females was
significantly higher than that of pre-menopausal females in these
sites (p, 0.05) (Figure 3). In the greater trochanter of the
femur, there was no significant correlation between FF and
age (Figure 2). The average FF of post-menopausal females
was not significantly different from that of pre-menopausal
females in this site (Figure 3).

DISCUSSION
The proportion of bone marrow fat changes dramatically with
age. The age-related increase in fat content occurs first in the
peripheral and later in the axial skeleton.3 In the peripheral
bone, epiphyseal and apophyseal conversion, such as the greater

Figure 1. Maximum circular regions of interest were drawn on

the lumbar vertebral body (a), ilium, intertrochanteric region

and greater trochanter of the femur (b) for measurements of

fat fraction using iterative decomposition of water and fat with

echo asymmetry and least-squares estimation quantitation

sequence (IDEAL-IQ) image.
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trochanter, to fatty marrow occurs first and the last parts to
convert are the proximal humeral and femoral metaphyses such
as intertrochanteric region of the femur.11 In this study, signif-
icant correlation was established between the FF and the age in
lumbar vertebral body, ilium and intertrochanteric region of the
femur but was not observed in greater trochanter of the femur.
The rate of increase in the FF in lumbar vertebral body and
ilium was higher than that in intertrochanteric region of the

femur. These results concur with the established age-related
bone marrow fat transformation findings from the analysis of
macroscopic and histological data.

In the 4th lumbar vertebra, there was a significant and gradual
increase in FF, and the rate of increase in FF per decade is
equivalent to 6.4% in this study. This compares favourably
with previously reported values of approximately 6–7.5% by

Figure 2. Correlation between fat fraction using iterative decomposition of water and fat with echo asymmetry and least-squares

estimation quantitation sequence (IDEAL-IQ) and age in adult female on each bone site.

Figure 3. Comparison between pre-menopausal and post-menopausal females in fat fraction using iterative decomposition of water

and fat with echo asymmetry and least-squares estimation quantitation sequence (IDEAL-IQ) on each bone site.

Short communication: Bone marrow fat quantification using IDEAL-MRI BJR
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MR spectroscopy.12–14 Although MR spectroscopy is thought
to be the most accurate method in quantifying fat–water
content, an improvement in scan time and resolution is offered
as practical quantitative imaging. Clinically, IDEAL-IQ may
represent an interesting alternative for the evaluation of FF.

The incidence of osteoporosis in females is significantly in-
creased after menopause.15,16 Post-menopausal females also have
increased risks for fragility bone fracture. Recently, Patsch et al17

reported that bone marrow fat composition by MR spectroscopy
is linked with fragility fractures in post-menopausal females and
may serve as a novel tool for BMD-independent fracture risk
assessment. This study demonstrated that IDEAL-IQ is a rapid
and highly reproducible method for quantitatively assessing fat
contents in bone marrow. Variations of bone marrow fat con-
tents among the 4 myelopoietic sites and differentiation of those
between pre- and post-menopausal females were also shown.
These preliminary data suggest that IDEAL-IQ may be a practi-
cal tool for evaluating FF and potential fracture risk non-
invasively.

Most recently, Ergen et al18 assessed the relationship between FF
measured by IDEAL-IQ and BMD and found a moderate neg-
ative correlation between them (r520.42). Although we un-
fortunately could not investigate the correlation with BMD in
this study, it may be possible to predict the risk of accelerated
loss of BMD in osteoporotic patients with IDEAL-IQ. Further
studies on multiple sites with IDEAL-IQ as a comparison
combined with clinical and BMD would be necessary to derive
a conclusion.

Our study had some limitations. First, our results were not
compared with tissue fat content directly. A single targeted
biopsy is unlikely to provide sufficient validation owing
to wide-ranging sampling variability, and therefore, un-
ambiguous validation would require comparison of MR
images to large post-mortem or surgically obtained tissue.
Second, this study was performed with one set of IDEAL-IQ
parameters for MRI examinations. For FF using IDEAL-IQ to
be fully validated as a biomarker for osteoporosis, its ro-
bustness to the types of alterations in MRI parameters such
as matrix and slice thickness which may be encountered
clinically should be assessed. Third, in lumbar vertebra, we
estimate FF in a single vertebra. Martin et al19 calculated
FF from Th10 to S2 using IDEAL sequence in 5 males and
found that there was a trend of increasing FF moving in-
feriorly. FF at a single vertebral level may not be reflected by
the marrow distribution in lumbar spine. Finally, this study is
retrospective and included a rather small number of cases.
Additional prospective studies with a large number of cases
may be necessary to confirm the clinical usefulness of
IDEAL-IQ.

In conclusion, in vivo IDEAL-IQ provides reliable quantifi-
cation of bone marrow fat with good reproducibility. It may
be a valuable tool for providing information on bone quality
in clinical settings. Given that there is considerable variation
in the fat proportion among osteopenic, osteoporotic and
healthy population at various sites, a study design with vari-
ous subgroups and sites would be helpful to validate the
clinical implication of this method.
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