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The Dixon technique for MRI of the bone marrow
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Abstract
Dixon sequences are established as a reliable MRI technique that can be used for problem-solving in the assessment of bone
marrow lesions. Unlike other fat suppression methods, Dixon techniques rely on the difference in resonance frequency between
fat and water and in a single acquisition, fat only, water only, in-phase and out-of-phase images are acquired. This gives Dixon
techniques the unique ability to quantify the amount of fat within a bone lesion, allowing discrimination between marrow-
infiltrating and non-marrow-infiltrating lesions such as focal nodular marrow hyperplasia. Dixon can be used with gradient echo
and spin echo techniques, both two-dimensional and three-dimensional imaging. Another advantage is its rapid acquisition time,
especially when using traditional two-point Dixon gradient echo sequences. Overall, Dixon is a robust fat suppression method
that can also be used with intravenous contrast agents. After reviewing the available literature, we would like to advocate the
implementation of additional Dixon sequences as a problem-solving tool during the assessment of bone marrow pathology.
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Introduction

The Dixon technique, named after its inventor, was first devel-
oped in 1984 [1]. The technique is well-known in abdominal
radiology for distinguishing benign adrenal adenomas from other
adrenal masses [2], and for detecting liver steatosis. It was first
introduced for the assessment of bone marrow in 1985 by
Wismer et al. [3], but struggled to find its clinical use. Today,
chemical shift imaging (CSI) algorithms and Dixon-type pulse
sequences are widely accepted and commonly offered as a stan-
dard fat-suppression technique by nearly every manufacturer, all
with their specific patented names. For example, General Electric
(GE) has iterative decomposition of water and fat with echo

asymmetry and least squares estimation (IDEAL), Siemens uses
the generic name DIXON and Philips offers multi-point or
mDixon [4]. The Dixon technique can be used with gradient
echo (GRE) and spin echo (SE) sequences [5], both two-
dimensional (2D) single-slice or three-dimensional (3D) parallel
imaging. There are differences between the GRE and SE MRI
techniques, including an overall faster scanning time using GRE,
but GRE imaging of musculoskeletal tissues displays image con-
trast characteristics different from those of fast spin echo (FSE)
pulse sequences, which are commonly used in the assessment of
joints. This differencemay limit their adoption in clinical practice
as a viable replacement for standard 2DFSE pulse sequences [6].
Compared with 2D techniques, 3DMRI allows higher signal-to-
noise ratio (SNR) producing better quality images. The SNR is
higher with 3D techniques because each view during the acqui-
sition contributes signal to every image in the entire volume. In
contrast, with 2D single-slice techniques, each view contributes
signal only to a given slice.

Fat suppression methods

Fat suppression techniques can be divided into three major
categories:
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1. Chemical shift-based fat suppression (chemical shift se-
lective [CHESS], water excitation and Dixon)

2. Inversion-based fat suppression (short tau inversion re-
covery [STIR])

3. Hybrid techniques (spectral attenuated inversion recovery
[SPAIR] and spectral pre-saturation with inversion
recovery)

Each of these techniques has its own specific qualities.
With Dixon techniques, one echo (single-point Dixon) [7],

two echoes (two-point Dixon) or more echoes (multi-point
Dixon) are collected at different echo times (TEs) with specif-
ic echo spacing time, so that fat- and water-specific signals can
be measured when they are in-phase (IP) and out-of-phase
(OP). This gives Dixon its unique ability to quantify the
amount of fat within a region of interest. By post-processing
the IP and OP data, “water only” (WO) and “fat only” (FO)
images are reconstructed [8]. Another strength of the Dixon
technique is its outstanding homogeneity of fat suppression,
because it is less sensitive to both main magnetic field (B0)
and radiofrequency field (B1) heterogeneity compared with
CHESS/fat-saturated methods, which gives even better results
on higher magnetic fields (3.0 Tesla [3 T]) versus lower mag-
netic fields [9]. This makes Dixon an excellent technique for
achieving uniform fat suppression (Fig. 1) [10]. The WO
mDixon sequence at 3 T also demonstrates a reduction of
metallic artefact around the knee compared with T2W FSE
sequences [11].

Lee et al. showed that the FSE T2 Dixon sequence is su-
perior to SPAIR owing to the quality of fat suppression, and to
the delineation of lumbar spine lesions [12]. Brandão et al.
[13] demonstrated more uniform fat suppression in the lumbar
spine using three-point T1-weighted (T1W) and T2-weighted
(T2W) Dixon compared with T1W fat suppressed (FS) and
STIR, although there was no difference in lesion conspicuity.
T1Wand T2W IDEALDixon sequences have shown superior
fat suppression compared to fat suppressed T1W and T2W
FSE sequences for imaging the cervical spine (Fig. 2) and
brachial plexus [14]. Rybicki et al. [15] compared 3-point
Dixon with CHESS in the paediatric population, showing

superior fat suppression and lesion conspicuity particularly
in the hands and feet. Superior fat suppression and SNR has
also been demonstrated in the hands when comparing 3D fast
spoiled gradient echo (FSPGR) T1W Dixon compared to
CHESS sequences [16].

The Dixon imaging technique

Four different imaging sets

Understanding the technical background of CSI is essential in
the interpretation of the four different imaging sets collected
using Dixon techniques. These sequences are: IP (Fig. 3a), OP
(Fig. 3b), FO (Fig. 3c) and WO (Fig. 3d). OP imaging has a
notable feature that the organs and muscle compartments ap-
pear to be outlined with a “black pen” (Fig. 3b) owing to
chemical shift artefact at a fat–water interface. The OP cancel-
lation effect between fat and water gives rise to a specific type
of MRI artefact called the “India ink artefact,” “black line
artefact,” or so-called “chemical shift artefact of the second
kind” [17].

Phase shift explained

A basic principle of MRI is that protons in a molecule precess
at a specific frequency when placed in a magnetic field.
Precession frequency is dependent on the strength of the ex-
ternal magnetic field and differs between 1.5 T and 3 T MRI
units. Fat precesses more slowly than water, and at body tem-
perature the precession frequency differences between fat and
water are typically 210 Hz at 1.5 Tand 420 Hz at 3 T [18]. The
difference in resonance frequency, or spin rates between pro-
tons associated with fat molecules compared with those asso-
ciated with water or other non-lipid molecules is termed
“chemical shift” [19]. CSI relies on the phase shifts created
by the fat–water spin resonance frequency difference to sepa-
rate water from fat. During scanning, two sets of images are
acquired with slightly different TEs. The first acquisition is
performed at a TE with fat and water signals OP (Fig. 4), and

Fig. 1 Axial MRI through the pelvis in a 53-year-old man. a Spectral
attenuated inversion recovery (SPAIR) image (recovery time [TR] =
3,000 ms; echo time [TE] = 30 ms) demonstrates poor suppression of

the subcutaneous fat on either side of the lower abdominal wall. b
Water-only two-point gradient echo (GRE) T1-weighted (T1W) Dixon
sequence demonstrates uniform suppression of the subcutaneous fat
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the second with the TE adjusted by a few milliseconds so that
the fat and water signals are IP, corresponding to a TE differ-
ence of 2.2 ms at 1.5 T or 1.1 ms at 3 T [18].

The signal intensity (SI) is formed by the sum of signals
from the fat and water spins. When the protons are in the same
location (IP), the signals received from fat and water protons
in the same voxel are additive (IP SI = water signal contribu-
tion + fat signal contribution). When they are in completely
opposing phases (OP), the signals at least partially cancel each
other out (Fig. 5; OP SI = water signal contribution – fat signal

contribution). This causes a decrease in SI on OP images in
tissues that contain microscopic fat, which then appear darker
than they do on their corresponding IP images (Fig. 6).
Through post-processing, the WO and FO images can be re-
constructed by adding and subtracting the signal IP (SIP) and
signal OP (SOP) respectively [8, 18, 19]. By combining SIP
and SOP, the WO images are obtained—WO= (SIP+SOP)/2.
By subtracting SOP from SIP, the FO image is produced—
FO = (SIP-SOP)/2. In this way, both fat-suppressed and non-
fat-suppressed images are acquired simultaneously.

Two-point Dixon and multi-point Dixon

The original two-point technique described by Dixon [1] uses
only two acquisitions with different TEs, producing IP and OP
images. The use of three-point or six-point Dixon (multi-point
Dixon), a third echo or more echoes are introduced. As a
result, “purer” fat and water images are acquired independent
of any field heterogeneity. Only when fat and water signals are
accurately opposed, the IP and OP images do not suffer from
unwanted signal contribution, leading to decreased reliability
of calculations of SI decrease. Therefore, to achieve optimal
signal difference, it is essential that exact IP and OP echo
timing is acquired; otherwise, fat and water are only partially
opposed [20], especially when using the two-point Dixon
technique. However, some authors state that the TEs need
not be limited to specific IP and OP conditions, and sequence
timing can bemore flexible as long as three ormore echoes are
acquired and proper fat dephasing coefficients are used [21].
When using three- or six-point Dixon, the total scan time will
be at least tripled to that of a regular acquisition, whichmay be

Fig. 3 Coronal two-point GRE
T1W Dixon MR images of the
left femur of a 55-year-old man
with myeloma. a In-phase (IP), b
out-of-phase (OP), c fat-only and
d water-only images showing a
large lesion in the femoral diaph-
ysis (arrows) and a small tumour
nodule more distally. Note the
“India ink artefact” on the OP
image (b)

Fig. 2 Sagittal MRI of the cervical spine in an 11-year-old girl. a Short
tau inversion recovery (STIR) image shows relatively poor suppression of
the posterior subcutaneous fat (arrows). b Sagittal iterative decomposi-
tion of water and fat with echo asymmetry and least squares estimation
(IDEAL) MR image (TR = 3,580 ms; TE = 114 ms) demonstrates excel-
lent uniform suppression of the subcutaneous fat (arrows)
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an undesirable consequence [22]. However, the lengthened
scanning time results in increased SNR compared with a sin-
gle acquisition, leading to better image quality [23].

Reduced scanning times

The original Dixon technique was a relatively long se-
quence as it acquired multiple images at fixed TEs, but
when using GRE two-point Dixon, scanning times are
generally very fast. Using T2W FSE Dixon can replace
both T2W FSE and SPAIR or other fat suppression
acquisitions [12], which can save further on total scan
time. Maeder et al. [5] showed that the combination of
T2W SE Dixon FO and WO could eliminate the need
for a conventional T1W SE sequence reducing total
scanning time. The FSE three-point Dixon technique
has been compared with conventional FSE T2W se-
quences at 3 T for MRI of the knee, showing no sig-
nificant difference in diagnostic performance and
allowing a reduction in scan times [24].

Quantification techniques

Avariety of methods have been used to quantify the degree of
fat within a marrow lesion. One of the most frequently used is
the measurement of SI decrease on OP images compared with
IP images. Identical regions of interest (ROIs) are drawn in the
bone on IP and OP images and the percentage decrease is
measured as follows: ((SIP-SOP)/SIP) × 100 = SI drop %.
At 1.5 T, an SI decrease >20% is said to be consistent with a
benign fat-containing marrow lesion, whereas a decrease
<20% is consistent with replacement of marrow fat owing to
a malignant process [25–28].

Zampa et al. [29] compared T1W SE and OP GRE images
to calculate the SI ratio as follows: SI ratio = OPGRE SI/T1W
SE SI. A SI ratio > 1 was considered consistent with malig-
nancy, as it indicated little or no fat in the ROI. Also, Costa
et al. [30] calculated relative SI ratios between OP and IPGRE
images with a ratio of >1 indicative of a neoplastic process,
whereas a ratio of <1 was indicative of fat within the lesion
and therefore a non-neoplastic process.

Fig. 5 Signal vector diagram
describing the observed signal in
chemical shift imaging (CSI). For
the IP and OP images, the signal
of water and fat is added and the
resultant signal is observed.Water
and fat images can then be
generated by adding and
subtracting the IP and the OP
images respectively

Fig. 4 Phase-cycling between fat
and water protons. IP and OP
conditions occur twice per cycle,
approximately every 2.2 ms at
1.5 T
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Proton density fat fraction (PDFF), which equals fat/(water
+ fat) has been used with a six-echo GRE modified Dixon
sequence at 3 T to differentiate benign from malignant verte-
bral lesions [31], and acute benign compression fractures from
pathological vertebral fractures [32]. In both cases, the benign
pathology had significantly higher PDFF than malignant le-
sions. Using the same MRI technique, T2* relaxation times
and T2* ratio (fracture T2*/normal vertebrae T2*) have also
been used to differentiate benign from malignant vertebral
collapse, with both measurements being significantly higher
for malignant lesions [33].

Clinical applications of the Dixon technique

The varied clinical applications of the Dixon technique have
been recently reviewed by Pezeshk et al. [34]. Most studies
have focused on its use in the differentiation between benign
and malignant focal vertebral lesions. In a meta-analysis, Suh
et al. [35] showed that CSI had pooled sensitivity and speci-
ficity of 92% and 87% in this clinical setting. Diagnostic ac-
curacy increased by the use of CSI with short TE and low flip
angle, and the Dixon method.

Bone marrow assessment and quantitative bone
lesion analysis

In 1997, Carroll et al. showed with high sensitivity and spec-
ificity that on T1W SE MRI, skeletal muscle and interverte-
bral disk serve as internal standards for differentiating infiltra-
tive marrow pathology, which would be isointense, from nor-
mal hematopoietic marrow, which would be slightly hyperin-
tense (Fig. 6) [36]. With Dixon, it is now possible to use
quantification to help predict the nature of a bone marrow
lesion [29, 37], potentially eliminating the requirement for

biopsy in more than 60% of patients with non-neoplastic dis-
ease (Fig. 7) [25].

Hematopoietic red marrow

At birth, the whole skeleton is composed of hematopoietic red
marrow that gradually matures to yellow fatty marrow. Red
and yellow bone marrow have different cellular and chemical
composition [38, 39], which form the basis of CSI and differ-
entiating between bone marrow abnormalities. Red bone mar-
row reconversion refers to the process of fatty marrow being
replaced by red marrow owing to a variety of causes including
obesity, diabetes and anaemia, and non-medical conditions
such as smoking and sports that require a large oxygen debt
(long-distance running, free diving). When red marrow is
abundant, T1Wmarrow signal is reduced, making it potential-
ly difficult to differentiate from areas of neoplastic infiltration
[40].

In normal bone marrow, which contains both fat and water
protons in a single voxel, a significant signal loss occurs on
the OP images relative to the IP images (Fig. 6) [25, 26, 34,
41–43]. At 1.5 T, a signal drop of approximately 20% on the
OP imaging is generally accepted as the cut-off level to dis-
tinguish normal marrow frommarrow infiltration. Disler et al.
[44] reported that less than 19% SI drop on 1.5 T OP imaging
has a sensitivity and specificity of 95% for the detection of
neoplasm. The optimal threshold has also been studied at 3 T,
Kumar et al. showing that a threshold SI decrease of 25%
produced at least 100% sensitivity and 86% specificity for
identifying marrow replacement [45]. They state that differ-
ences in the impact of T2* effects and the increased SNR at
3 T relative to 1.5 T may account for the differences in CSI
measurements at different field strengths.

Primary or metastatic bone lesions replace normal bone
marrow, leading to the replacement of normal fatty marrow
signal [44, 46, 47]. When a voxel contains tumour replacing

Fig. 6 Coronal MRI of the right
proximal femur of a 23-year-old
woman. a T1W TSE and b IP
Dixon images show intermediate
marrow SI due to hyperplastic red
marrow (arrows). Note that it re-
mains hyperintense compared
with skeletal muscle on T1WTSE
(a). cOP image shows a profound
reduction of marrow SI owing to
its high fat content (arrows)
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normal fat containing marrow, water signal remains and there
will be no significant signal decrease on the OP imaging. The
common non-malignant conditions that alter normal fatty
marrow MR signal include: red marrow reconversion, focal
nodular marrow hyperplasia (FNMH), intra-osseous
haemangioma and marrow oedema of any cause (i.e. trauma,
inflammation). In these situations, there is typically enough
preservation of fat to allow a > 20% (1.5 T) or > 25% (3.0 T)
signal loss on OP imaging [44].

Focal nodular marrow hyperplasia

Focal nodular marrow hyperplasia (FNMH) is a not uncom-
mon, incidentally observed marrow lesion that can mimic me-
tastasis [48, 49]. It is usually seen in middle-aged or elderly
patients and typically in the spine [48], although the pelvis and
proximal femur are also relatively common locations. FNMH
classically demonstrates reduced SI on both T1W and T2W
FSE sequences and may be mildly hyperdense on CT, but
typically shows no increased activity on bone scintigraphy.
However, it may be active on FDG-PET [48]. Although
T1W SE SI being slightly higher than that of skeletal muscle
is suggestive of the diagnosis, CSI is ideally suited to clarify-
ing the nature of these lesions [43, 50] owing to their relatively
high fat content, as illustrated by Douis et al. (Figs. 7, 8) [27].
However, we are unaware of any study that has determined the
diagnostic accuracy of CSI for the diagnosis of FNMH.

Intra-osseous haemangioma

Intra-osseous haemangiomas are slow-growing and generally
asymptomatic benign neoplasms that are commonly found in
the vertebral bodies [51]. They consist of thin-walled sinusoi-
dal channels lined by vascular endothelium with interspersed
bony trabeculae, containing a variable amount of fat. Typical
haemangiomas show T1W hyperintensity due to fatty stroma

with T2W hyperintensity due to vascularity, and are easily
recognised. However, atypical or lipid-poor haemangiomas
comprise mostly vascular soft tissue and contain only small
or microscopic amounts of fat, thus demonstrating
intermediate-to-low T1W SI compared with skeletal muscle
and therefore potentially posing a diagnostic dilemma [52].
Dynamic contrast-enhanced MRI (DCE-MRI) has been used
successfully to differentiate atypical haemangiomas from me-
tastases based on difference in SI and time–intensity curves
[53]. CSI is also helpful, since atypical haemangiomas usually
show >20% signal drop on (1.5 T) OP imaging owing to their
microscopic fat content (Fig. 9) [26]. Shi et al. compared T1W
SE, CSI, diffusion-weighted imaging (DWI) and contrast-
enhanced MRI in the different ia t ion of atypical
haemangiomas from metastases, CSI demonstrating a diag-
nostic accuracy of ~85% [54]. However, difficulty can arise
in atypical haemangiomas that are relatively sclerotic, in
which case the SI drop on (1.5 T) OP images may be <20%,
resulting in a false-positive diagnosis of malignancy. Other
benign lesions associated with marrow sclerosis, such as frac-
ture callus (Fig. 10) and Paget’s disease may produce similar
findings (Fig. 11). Therefore, if a lesion that has features that
are not particularly concerning with regard to malignancy on
routine MRI, but shows <20% SI decrease or increase on
(1.5 T) OP imaging, we routinely perform CT to identify
whether or not the lesion is sclerotic.

Differentiation of non-pathological from pathological
vertebral fractures

Abnormal SI in acute benign vertebral compression fractures
(BVCFs) on conventional MRI can be like that seen in verte-
brae with pathological fracture due to underlying malignancy
[55]. Avariety of MRI findings have been described to distin-
guish between the two entities [56, 57]. SI differences be-
tween IP and OP images can guide in the differentiation

Fig. 7 Coronal MRI of the right proximal femur of a 72-year-old male
with prostate cancer. a T1W TSEMRI shows a well-defined hypointense
lesion in the femoral neck (arrow) referred for biopsy to investigate the
possibility of metastasis. b IP Dixon image shows an intermediate

marrow SI lesion (arrow). c OP image shows profound reduction of
marrow SI owing to its high fat content (arrow). The SI drop was calcu-
lated at 73%. A diagnosis of focal nodular marrow hyperplasia was made,
and biopsy was not performed
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a b

c d

648
464

Fig. 8 A 51-year-old man with
low back pain. a Sagittal T1W
TSE and b coronal T2W FSE
MRI show an oval hypointense
lesion in the superior aspect of the
L4 vertebral body (arrows). c
Axial IP and d OP two-point
Dixon GRE MRI demonstrate a
28.4% SI decrease on the OP
images indicative of a fat-
containing lesion. The combined
imaging features would be
consistent with focal nodular
marrow hyperplasia. The
numbers (648 and 464) stand for
measured SI (Signal Intensity)

256 174

a b

c d

Fig. 9 A 44-year-old man with an
incidental lesion noted in the S2
sacral segment. a Coronal T1W
TSE and b sagittal T2W FSEMR
images showing a lobular lesion
in the upper sacrum, which is
hypointense on T1W (arrow in a)
and hyperintense on T2W (arrow
in b). c Axial IP and d OP
two-point Dixon GRE MRI
demonstrate an SI decrease of
32% on the OP images, indicative
of a fat-containing lesion. The
combined imaging features would
be consistent with an atypical
haemangioma. The numbers (256
and 174) stand for measured SI
(Signal Intensity)
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between BVCFs and neoplastic vertebral compression frac-
tures [58]. Erly et al. [59] and Geith et al. [28] demonstrated
statistically significant differences in SI between quantitative
IP and OP CSI for BVCFs and malignant compression frac-
tures. Additionally, it has been shown that PDFF and PDFF

ratios of malignant compression fractures derived using the
multipoint Dixon method are significantly lower than those
of acute BVCFs, further allowing differentiation of the two
fracture types [32, 43, 50, 55]. Ragab et al. [60] suggested that
a decrease in SI >35% on (1.0 T–1.5 T) OP images compared
with IP images might be used as a cut-off value to differentiate
osteoporotic from pathological vertebral compression. This
differentiation can also be achieved by calculating T2* relax-
ation times and T2* ratios, which are significantly higher for
pathological fractures, with a reported accuracy of 73% and
89% respectively [33].

Defining the intra-osseous extent of a bone tumour

The evaluation of the extent of a bone lesion can be compli-
cated by the presence of associated oedema-like marrow SI or
abundant red marrow adjacent to the lesion, which is particu-
larly problematic in the paediatric population. In general,
fluid-sensitive sequences tend to overestimate tumour extent
owing to the presence of perilesional oedema, which may
have similar SI [40, 61]. Non-contrast T1W SE sequences
are often used to identify the intra-medullary extent of a bone
tumour, as this gives the best contrast between normal hyper-
intense fatty marrow and tumour tissue with intermediate SI
[62]. If there is still ambiguity, contrast-enhanced fat-sup-
pressed imaging can be performed, although areas of
perilesional oedema may also enhance, which would again
potentially overestimate tumour margins. Dixon imaging,
and in particular the OP sequence, can show the extent of an
intramedullary tumour with a high level of confidence and has
been considered an alternative technique to T1W SE se-
quences [40, 61]. The exact determination of tumour margins
is important to aid planning of resection level, particularly in
the paediatric population, where sparing of the growth plate
may allow the joint to be salvaged (Fig. 12).

Haematological disorders

The Dixon technique has been used for imaging of haemato-
logical disorders, such as screening for multiple myeloma
(MM), where FO images offer a higher lesion detection rate
compared with IP images alone [63]. Signal drop on the OP
imaging can be seen, consistent with fatty metamorphosis of
healed MM lesions [34], which can be helpful if the typical
findings of a healing lesion, such as a T1 peripheral fatty halo,
are absent [64]. The combination of high accuracy for the de-
tection of marrow-replacing lesions and fast acquisition times
makes this a competitor to the conventional scanning methods.

Assessment of skeletal metastases

Magnetic resonance imaging has long been established as a
highly sensitive and specific technique for the detection of

294 267

a b

c d

e
Fig. 10 A 64-year-old man with acute onset mid-thoracic back pain. a
Sagittal T1W TSE MRI shows diffuse reduction of marrow SI and
collapse of the vertebral body, raising the possibility of pathological
collapse (arrow). b Sagittal CT MPR demonstrates vertebral collapse
and associated marrow sclerosis (arrow). c IP and d OP axial two-point
GRE Dixon MRI through the vertebra show an SI decrease of only 9.2%,
consistent with malignant marrow infiltration. e Sagittal T1W TSE MRI
obtained 3 months later shows almost complete healing of the vertebra,
consistent with a benign vertebral compression fracture. The numbers
(294 and 267) stand for measured SI (Signal Intensity)
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skeletal metastases from a wide variety of primary sites using
a combination of T1W/T2W SE, STIR, GRE, DWI and
contrast-enhanced imaging [65, 66]. More recently, the poten-
tial of Dixon sequences for the detection of skeletal metastases
has been assessed. Maeder et al. [5] showed that the combi-
nation of T2W SE Dixon FO and WO was comparable with
their standard protocol of T1W SE and T2W SE Dixon se-
quences in the assessment of potential vertebral metastases.
The FO sequence was also found to significantly increase
lesion conspicuity compared with T1W SE images. Similar
findings were reported by Hahn et al. [67]. T1W OP GRE
imaging has also been used to assess potential vertebral me-
tastases at 0.2 T [68]. As with myeloma, changes in bone
marrow fat–water ratio within healing skeletal metastases
can be detected [69].

The detection of melanoma metastases is also more
reliable on T2W SE Dixon FO images [5], which show
a consistent loss of SI compared with the classical
hyperintensity on T1W SE sequences, as melanin
shortens T1, resulting in hyperintensity potentially ob-
scuring melanoma metastases within the underlying hy-
perintense fatty marrow. Conversely, the differentiation

between a relatively hyperintense T1W melanoma me-
tastasis and FNMH can also be made by the SI decrease
seen in the latter on OP CSI (Fig. 13).

Over the last decade, whole-body MRI (WB-MRI) has
become a well-established technique in the assessment of
skeletal metastatic disease, comparing very favourably with
skeletal scintigraphy in both the adult and paediatric popula-
tions [70–74]. More recently, the value of whole-body Dixon
techniques has been reported [75]. Costelloe et al. [76]
showed that the Dixon technique is suitable for whole-body
bone metastasis screening as an alternative to skeletal scintig-
raphy, being highly specific (98.7% vs 89.1%) and more sen-
sitive. Additionally, liver metastases were detected. The same
authors evaluated a series of Dixon sequences for conspicuity
of metastases, showing a significant improvement in conspi-
cuity on fat-suppressed and FO T1W sequences with contrast
enhancement [77].

Assessment of primary bone tumours

Characterisation of primary bone tumours remains initially
within the realms of radiography [78, 79], the major use of

526 443

a

c d

b

Fig. 11 Paget’s disease involving
the L2 vertebra in a 46-year-old
woman. a Sagittal T1WTSEMRI
shows heterogeneous reduction of
marrow SI (arrow). b Sagittal CT
MPR demonstrates marrow
sclerosis and vertebral body
enlargement (arrow). c Axial IP
and d OP images show an SI
decrease of 15.8% on OP,
consistent with marrow
infiltration. The numbers (526
and 443) stand for measured SI
(Signal Intensity)
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MRI being in local staging [62, 80, 81]. However, MRI also
plays a role in the further characterisation of bone lesions [82],
and in planning image-guided needle biopsy [83]. Currently,
the use of the Dixon sequence in assessing primary bone

tumours is limited, although its potential for determining
intra-osseous extent has already been mentioned.

Costa et al. [30] described the use of CSI in the assessment
of osteoid osteoma (OO) in 17 patients with a proven histo-
logical diagnosis. They measured SI ratios on IP and OP im-
ages in three regions of interest, the nidus, the surrounding
abnormal marrow and normal marrow. As expected, the mean
SI ratio for the nidus was 1.2, consistent with a solid, possibly
calcified lesion, and 0.35 for the surrounding marrow, consis-
tent with marrow oedema. It is unclear how this aided the
diagnosis, considering that CT had demonstrated the nidus
in all cases.

Kenneally et al. [41] evaluated the addition of IP and OP
CSI to standard MRI sequences in 27 bone lesions, 10 malig-
nant and 17 non-malignant. Malignant lesions showed an
overall mean SI drop of 0.69%, whereas benign lesions
showed an overall mean SI decrease of 37.1%. The confi-
dence for differentiating benign from malignant lesions in-
creased with the addition of CSI. The authors concluded that
CSI was of value in differentiating benign from malignant
bone lesions. However, the group of benign lesions included
only 8 benign tumours, 2 OOs and 6 presumed haemangiomas
where the value of CSI is already established, and the SI
decrease is due to either microscopic intra-lesional fat
(haemangioma) or marrow oedema (OO) [41]. It is expected
that benign tumours that replace the marrow would also show
an SI drop <20% (on 1.5 T) and would therefore be indistin-
guishable from malignant lesions by CSI (Fig. 14). Further
studies will be required with larger numbers and a greater
variety of benign tumours to determine the role of CSI in
distinguishing between benign and malignant primary bone
tumours.

Assessment of osteoporosis

Osteoporosis results from decreased bone mass and quality
and results in increased fracture risk. Quantification of bone
mineral density (BMD) with techniques such as dual-energy

Fig. 12 A 12-year-old boy with a left femoral diaphyseal Ewing sarcoma.
a Coronal T1W TSEMRI shows indistinct tumour margins (arrows) due
to adjacent mild marrow hypointensity from a combination of reactive
oedema and residual red marrow. b Coronal OP two-point GRE Dixon
MRI shows a much clearer demarcation of the tumour (arrow) from the
adjacent reactive marrow (thin arrows) owing to the high fat content of
the latter causing a marked decrease in marrow SI

Fig. 13 A 61-year-old man with
known malignant melanoma. a
Coronal T1W TSE, b IP and cOP
two-point GRE Dixon MRI
showing a lesion in the proximal
femur, suggestive of T1W
hyperintense metastasis (arrow in
a). The lesion shows similar SI on
the IP sequence (arrow in b), but
a profound decrease in SI on the
OP sequence (arrow in c),
indicative of high fat content due
to FNMH rather than marrow-
replacing metastasis
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X-ray absorptiometry (DEXA) and quantitative computed to-
mography (QCT) are well-established in the assessment of
osteoporosis [84]. MRI techniques utilised for the assessment
of osteoporosis include MR spectroscopy, DWI, DCE-MRI
and CSI [84]. Osteoporosis is associated with an increase in
bonemarrow fat, and the inverse relationship betweenmarrow
fat and BMD has been demonstrated with hydrogen proton
magnetic resonance (1H-MR) spectroscopy [85]. Similarly,
the bone marrow fat fraction (BMFF) obtained from modified
Dixon techniques at 3 T may be used to predict abnormal
BMD. Zhao et al. [86] found a significant difference in the
BMFF in the lumbar spine among patients with normal BMD,
with osteopenia and with osteoporosis using QCT as the ref-
erence standard.

Limitations and pitfalls of the Dixon
technique

Modern Dixon techniques also have limitations. They do not
completely solve the issues related to artefact in highly het-
erogeneous areas, such as around metallic hardware that are
still present and can impede proper assessment. STIR se-
quences in some cases are still more reliable when it comes
to fat suppression around large metallic prostheses [8].

Another interesting phenomenon is the so-called “fat–wa-
ter swapping artefact”. This artefact occurs when a computa-
tional error in areas of field heterogeneity result in incorrect
determination of whether a voxel contains water or fat. In this
way, it converges to the wrong substance producing a water-
only image when a fat-only image is desired. The images have
geographic regions of inappropriate suppression with sharp
margins. To overcome this problem, a third echo could be
added to compensate for field heterogeneity, which makes this
technique more robust at the expense of scan time [87].

When it comes to measuring the fat fraction and
characterising bone lesions, it becomes apparent that this tech-
nique is very susceptible to subtle changes in scanning

parameters and that there are many variables that can influ-
ence the measurements on IP and OP imaging. For example,
field strength, TE and flip angle all influence the final signal
acquired [88]. A thorough understanding of the MRI tech-
nique is mandatory for producing reliable and accurate
measurements.

During the implementation of the Dixon protocol in our
institution, we have encountered lesions demonstrating an SI
increase on OP imaging. This is typically found with sclerotic
bone lesions such as myelofibrosis and from compacted bone
in healing fractures. This phenomenon has also been described
by Swartz and Roberts [89], who presented a case of a false-
positive pelvic lesion with imaging features consistent with
marrow fibrosis. For this reason, some sclerotic fat-
containing marrow lesions, such as atypical haemangiomas
and Paget’s disease, may also produce insufficient SI decrease
on the OP images to allow differentiation from marrow infil-
trative lesions (Figs. 10, 11).

Other potential false-positive and false-negative pitfalls in-
clude infiltrative multiple myeloma, haematoma in fracture
sites, marrow-replacing benign cysts or geodes, magnetic sus-
ceptibility artefact of densely sclerotic metastases and renal
cell carcinoma metastases containing fat [89]. Kenneally
et al. [41] also reported that 6 out of 10 malignant lesions
demonstrated an increase in SI, but did not go into detail as
to why this phenomenon occurred. According toMaeder et al.
[5], most false-negative and false-positive findings were due
to previously treated metastases. Indeed, previous chemother-
apy or radiotherapy may induce the appearance of intra-
lesional fat, which could lead to false-negative results. This
pitfall must be kept in mind when bone marrow imaging re-
sults are being reported.

Conclusions

Dixon imaging is a useful technique for characterising bone
lesions by quantifying the amount of microscopic intracellular

Fig. 14 A 36-year-old woman
with a distal femoral
enchondroma. a Coronal T1W
TSE, b IP and c OP two-point
GRE Dixon MRI showing a
lobular intermediate SI lesion
with similar morphology on all
three sequences (arrows). The SI
decrease on OP images was only
15%
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fat. Its utility in marrow evaluation is well-recognised, with a
reported sensitivity and specificity of up to 95% in predicting
the likelihood of lesions being either neoplastic or non-
neoplastic.
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