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Applications of the Dixon technique in the evaluation
of the musculoskeletal system
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Abstract

Resumo

The acquisition of images with suppression of the fat signal is very useful in clinical practice and can be achieved in a variety of
sequences. The Dixon technique, unlike other fat suppression techniques, allows the signal of fat to be suppressed in the post-
processing rather than during acquisition, as well as allowing the visualization of maps showing the distribution of water and fat.
This review of the Dixon technique aims to illustrate the basic physical principles, to compare the technique with other magnetic
resonance imaging sequences for fat suppression or fat quantification, and to describe its applications in the study of diseases
of the musculoskeletal system. Many variants of the Dixon technique have been developed, providing more consistent separation
of the fat and water signals, as well as allowing correction for many confounding factors. It allows homogeneous fat suppression,
being able to be acquired in combination with several other sequences, as well as with different weightings. The technique also
makes it possible to obtain images with and without fat suppression from a single acquisition. In addition, the Dixon technique
can be used as a quantitative method, allowing the proportion of tissue fat to be determined, and, in more updated versions, can
quantify tissue iron.

Keywords: Magnetic resonance imaging; Dixon technique; Fat suppression; Fat quantification; Musculoskeletal system.

A aquisicao de imagens com supressao do sinal da gordura € um recurso de grande utilidade diagnostica, existindo varias sequén-
cias capazes de realiza-la. A técnica Dixon, ao contrario de outras técnicas de supressao de gordura, permite suprimir a contri-
buicao do sinal de gordura no pés-processamento e ndo durante a aquisicao, além de permitir a visualizacdo de mapas com a
distribuicdo da agua e da gordura. Esta revisao sobre a técnica Dixon almeja ilustrar os principios fisicos basicos, comparar a téc-
nica com outras sequéncias de ressonancia magnética para supressao ou quantificacao de gordura, e descrever suas aplicagoes
no estudo de doencas do sistema musculoesquelético. Muitas variantes da técnica Dixon foram desenvolvidas, proporcionando
separacao mais consistente dos sinais de gordura e agua e permitindo correcao de muitos fatores de confusado. Permite obter
supressao homogénea de gordura, podendo ser adquirida de forma combinada com varias outras sequéncias, bem como com
diferentes ponderacoes. Esta técnica possibilita também a obtencao de imagens com e sem supressao de gordura a partir de
uma Unica aquisicao. Adicionalmente, a técnica Dixon pode ser utilizada como recurso quantitativo, pois permite a mensuracao
do porcentual de gordura e, em versoes mais atualizadas, consegue quantificar ferro tecidual.

Unitermos: Ressonancia magnética; Técnica Dixon; Supressao de gordura; Quantificagao de gordura; Sistema musculoesquelético.

INTRODUCTION

Magnetic resonance imaging (MRI) is one of the most
important and widely used imaging methods in modern
medicine, avoiding the use of ionizing radiation. MRI
allows the acquisition of images in various anatomical
planes, as well as volumetric acquisitions for multiplanar
and three-dimensional (3D) analysis'". In MRI scans, the
majority of the signal originates from the nuclei of hydro-
gen atoms in water and lipid molecules since such mol-
ecules are abundant in the human body. For the resonance
of those nuclei to occur, a radiofrequency pulse must be
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applied at the same Larmor frequency as the hydrogen nu-
clei, which has a linear relationship with the intensity of
the magnetic field'=.

The pixel intensity in the MRI scan depends on sev-
eral physical properties of the corresponding voxel in the
body, the most important being proton density, resonant
frequency, and relaxation times. The precession frequency
and longitudinal relaxation time (T1) are the properties
that best differentiate water molecules and lipid (fat) mol-
ecules on MRI. Because of its short T1, fat tissue shows
high signal in most MRI sequences, whereas the water
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signal has a variable aspect depending on the weighting
chosen. The precession frequency and T1 can both be
used to generate sequences in which the fat signal can be
suppressed, assuming that the contribution of the water
signal remains constant®.

Suppression of the fat signal is a highly useful diag-
nostic technique that is possible because of the differences
between water and fat in terms of the resonant frequen-
cies and T1"?. Examples of fat-suppression techniques
include frequency-selective saturation pulse sequences,
inversion recovery, and hybrid chemical shift-based tech-
niques, such as the Dixon technique®?.

The Dixon technique, unlike other fat suppression fea-
tures, allows the contribution of the fat signal to be sup-
pressed in post-processing rather than during acquisition,
as well as providing water and fat distribution maps®. Sev-
eral recent studies have demonstrated the application of
the Dixon technique for quantitative assessment of the fat
fraction (FF), joint cartilage analysis, bone marrow studies,
evaluation of sacroiliitis, and magnetic susceptibility arti-
fact reduction in the presence of metallic implants®¢~1%),

In the past, only proton spectroscopy was available for
fat—water fraction measurement, but this method has lim-
ited spatial resolution compared with imaging techniques.
In 1984, Dixon'? combined the capabilities of spectros-
copy and MRI, obtaining signal separation from fat and
water to generate, after processing, images with only the
water or fat signal, all in one acquisition®. In images ac-
quired with different echo times, the Dixon technique
makes it possible to obtain multiple images based on the
chemical shift"?. Variants of this sequence are available
from most MRI equipment manufacturers under different
acronyms!'?: iterative decomposition of water and fat with
echo asymmetry and least-squares estimation (IDEAL;
GE Healthcare, Waukesha, MI, USA); Dixon (Siemens
Healthcare, Erlangen, Germany); mDIXON (Philips Med-
ical Systems, Best, the Netherlands); and FatSep (Hitachi,
Tokyo, Japan).

This review of the Dixon technique aims to illustrate
the basic physical principles, to compare the technique
with other MRI sequences for fat suppression or quan-
tification, and to describe its applications in the study of
diseases of the musculoskeletal system, as well as to ad-
dress its advantages and limitations.

BASIC PHYSICAL PRINCIPLES

The information that is essential for understanding
Dixon techniques is that water and fat are the main com-
ponents that contribute to forming the images seen on
an MRI"¥. Hydrogen nuclei have a higher resonant fre-
quency in water molecules than in fat molecules. Within
a homogeneous field, the difference in frequency be-
tween the main peak of fat molecules and that of water
molecules is 3.4 ppm. Therefore, the absolute difference
in frequency will change according to the field strength of
the equipment, from approximately 217.6 Hz at 1.5 T to
approximately 435 Hz at 3.0 T.

In a gradient-echo (GRE) sequence, transverse mag-
netization of water and fat begin in-phase immediately
after the initial excitation pulse, a condition known as in-
phase imaging (Figure 1). After 2.3 ms [= w(2*n¥217.6)s]
ina 1.5 T scanner or 1.15 ms [= m(2*n*435)s] ina 3.0 T
scanner, these magnetizations will be in opposition, or out-
of-phase (180°). If the image is acquired with those echo
times (TEs), the water and fat signals are subtracted from
each other and can cancel each other out if there is the
same amount of water and fat in the voxel (Figure 1). For
acquisitions with higher TEs, the water and fat signals can
be summed, because they would be in-phase®®.

It would be technically impossible to acquire images
based on an echo with null TE. Therefore, an acquisition
is made at twice the TE of the first out-of-phase condi-
tion, the signal containing the sum of both contributions,
thus creating the in-phase condition (Figure 1). This is
the basic principle of the Dixon technique—image acqui-
sition at two different TEs, known as the two-point Dixon
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Figure 1. Representation of transverse magnetization vectors of water and fat in acquisitions with different TEs (indicated in ms), based on the resonant frequency

of water, ina 1.5 T scanner.

34

Radiol Bras. 2021 Jan/Fev;54(1):33-42



Lins CF et al. / Dixon technique in the musculoskeletal system

(2PD) technique”. The 2PD technique is also imple-
mented in a modified spin-echo (SE) pulse sequence, in
which the first image corresponds to a conventional SE,
with fat and water in-phase, the voxel brightness reflect-
ing the added transverse magnetization of both chemical
components, and the second image is acquired with a
gradient shifted to produce a 180° phase difference be-
tween water and fat.

In the post-processing of the in-phase and out-of-
phase images, there is a step for water and fat separation,
so that adding the in-phase and out-of-phase images re-
sults in a water image, while subtracting the out-of-phase
image from the in-phase image gives a fat image'". Thus,
the Dixon technique allows the measurement of the fat-
water fraction in a region of interest larger than that
achieved with spectroscopy and with higher spatial reso-
lution 31519 In general, this concept could be used for
the suppression or quantification of fat in various types of
pulse sequences'¥.

Some obstacles initially prevented widespread use of
the 2PD sequence. First, the magnetic field is not always
homogeneous, especially in large areas or regions with
air-bone interfaces. Therefore, a phase error, due to het-
erogeneity of the static (BO) magnetic field, may occur
promoting undesired suppression of water and fat signals;
in extreme situations, local fat and water signal exchange
may occur. If the magnetic field is heterogeneous, the
sum and subtraction approach results in incomplete or
incorrect separation of water and fat®®16:17),

To address the limitations of the 2PD sequence, the
Dixon technique has been modified and evolved to the three-
point Dixon technique. Another echo acquisition with a dif-
ferent TE was added to form a system with a single solution
of three equations (the three images) and three unknowns
(water content, fat content, and heterogeneity), thus mak-
ing the technique more powerful®. The three-point Dixon
technique provides more effective fat suppression, resulting
in a better signal-to-noise ratio (SNR), shorter acquisition
time, and optimal spatial resolution®'?,

The fat signal is generated by a combination of differ-
ent chemical groups with different chemical shifts (i.e.,
fat has a multispectral representation). To overcome this
difficulty, a combination of image acquisition and pro-
cessing techniques has been used with multiple acquired
(13) However, that requires an algorithm specific
for fat and water signal decomposition, which is more
complex than simple 2PD subtractions or additions, al-

lowing the efficiency of the signal separation between tis-
d(5,17).

echoes

sues to be increase

Many variants of the Dixon technique have been de-
veloped, providing more consistent separation of fat and
water signals, as well as allowing correction for many con-
founding factors'®. The development of the technique
has shown that symmetrically acquired echoes can pro-
duce artifacts that can degrade image quality. Thus, the
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Dixon technique became able to combine asymmetrically
acquired echoes with an iterative algorithm to maximize
noise performance, receiving different designations'®):
IDEAL (GE Healthcare), Dixon (Siemens Healthcare),
and mDIXON (Philips Medical Systems). This new ver-
sion of the Dixon technique, using asymmetrically ac-
quired echoes, is highly versatile because it can be applied
in T1-, T2-, or proton density-weighted sequences, as well
as being able to be combined with SE, fast SE (FSE),
balanced steady-state free precession and spoiled gradi-
ent-recalled echo sequences, to suppress fat and produce
high-quality images with shorter acquisition times®!?).
Another advantage is the manual post-processing quan-
tification of fat for acquisition of the FF, although it is
not highly reliable, because of the persistence of some
confounding factors®2?).

Other technological advances have recently been in-
corporated into the Dixon technique, providing resources
for the quantitative analysis of fat and iron content, known
as IDEAL-IQ (GE Healthcare); LiverLab (Siemens Health-
care); mDIXON Quant (Philips Medical Systems). These
quantitative methods use a more sophisticated fat quantifi-
cation approach, in which images are acquired at multiple
TEs for simultaneous acquisition of FF, water fraction, and
transverse relaxation rate (R2%) mapsm).

In some clinical situations, fat and iron deposits over-
lap in certain organs or tissues, and it is important to
measure T2* relaxation time, or its inverse, R2¥, allowing
quantification of the iron. At sites with iron overload, there
is interaction between the iron and water molecules, pro-
moting faster loss of phase coherence, more rapidly reduc-
ing transverse magnetization, with a significant decrease
in the MRI signal by T2* reduction. Therefore, R2* maps
allow a direct correlation with the iron content of the struc-
ture analyzed®*2¥.

The quantitative Dixon technique is a 3D method of
GRE imaging, using magnitude and phase information of
an average of six echoes—a six-point Dixon technique—
which is appropriate for the multispectral separation of
the fat and water signals. In addition, multi-echo acqui-
sition provides vigorous water and fat separation with
correction of the T2* effect, and the T1 effect can be
avoided by using long repetition times. Thus, the spec-
tral complexity of fat as well as noise can be quite tol-
erable®?"?®), By incorporating an R2* map into the al-
gorithm, the Dixon technique takes the T2* and field
inhomogeneity effects into consideration, producing the
proton density FF, which does not predispose to a mea-
surement error due to the potential confounding factor
of iron overload?",

COMPARISON OF OTHER TECHNIQUES
FOR FAT SUPPRESSION OR QUANTIFICATION

The Dixon technique has several characteristics that
broaden its clinical applications, including homogeneous
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fat suppression, reduction of magnetic susceptibility ar-
tifacts in the presence of metallic materials, and the use
after intravenous contrast administration, as well as fat
quantification. Of those applications, fat suppression is
notable, because it improves the contrast between tissues
and highlights certain pathological changes®2¢27.

The most common fat suppression techniques are
fat selective saturation and short-TI inversion recovery
(STIR), both of which are based on the difference be-
tween the behavior of water and that of fat in the MRI
environment. Since water and fat molecules have differ-
ent resonant frequencies, this chemical shift allows the
use of fat saturation where the saturation radiofrequency
pulse has selective frequency centered on the main fat
peak, meaning that the total signal will have a minimal
fat contribution. Thus, the fat saturation technique can
be applied to T1-, T2-, or proton density-weighted im-
ages in SE, FSE, or GRE and is reliable for intravenous
contrast-enhanced T1 imaging. However, it is prone to
incomplete fat suppression, due to the effects of inho-
mogeneity of the BO and radiofrequency (B1) magnetic
fields, resulting in imperfect fat saturation®®, as depicted
in Figure 2.

An alternative to the fat saturation technique is the
use of STIR sequences, which are based on rapid recov-
ery of the longitudinal magnetization of fat (i.e., its short
T1). In STIR sequences, the inversion time is chosen to
nullify the contribution of fat after inverting the longitu-
dinal magnetization, being little affected by heterogeneity
of the BO magnetic field. The disadvantages of the STIR
sequence include the smaller SNR and the fact that it

is not suitable for intravenous contrast-enhanced imag-
ing, because it suppresses the fat signal based on its short
T1, and other tissues with a short T1 (such as intrave-
nous contrast-enhanced areas) are therefore also sup-
pressed®>?7_ In addition, the STIR sequence is affected
by the lack of uniformity of the Bl magnetic field, which
leads to imperfect inversion in certain regions and inef-
fective fat suppression.

The choice of the best fat suppression sequence should
take into consideration the anatomy of the region ana-
lyzed. Therefore, although fat saturation is the sequence
most commonly applied in daily practice—because of its
fat selectivity, high SNR, and relatively fast examination
time at sites where the anatomy presents irregular con-
tours with abrupt changes between soft tissues, bone and
metalic implants, as well as in areas requiring a large field
of view (spine, thighs, and legs)—the technique promotes
artifacts that do not satisfactorily suppress fat?=2% as
shown in Figure 2.

The multi-point Dixon techniques (with three or more
echoes) do not exhibit significant interference by mag-
netic field heterogeneity and therefore result in efficient
fat suppression and are considered by some studies to be
better than STIR because they have better SNRs, shorter
acquisition times, and equivalent or better spatial resolu-

25 Therefore, as previously demonstrated®>2”) the

tion
Dixon technique allows satisfactory images to be obtained
in regions with heterogeneity in the local magnetic field
(near metallic materials or tissues with excess iron caused
by hemosiderosis), as well as in highly susceptible anatomi-

cal areas where chemical fat saturation becomes difficult

Figure 2. Contrast-enhanced coronal images of the thighs of a 59-year-old female patient with various pulse sequences: T1-weighted FSE sequence with fat sup-
pression (A) and T1-weighted IDEAL sequence (B). Clear presence of artifacts at the edges of image A due to heterogeneity of the BO or B1 magnetic field when
using a wide field of view, impairing fat suppression.
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Figure 3. Sagittal images of the cervical spine of a 52-year-old female patient with various pulse sequences: contrast-enhanced T1-weighted FSE with fat suppres-
sion (A), contrast-enhanced T1-weighted IDEAL (B) and STIR (C). The IDEAL sequence (B) shows a clear reduction of the magnetic susceptibility artifact, especially

for visualization of the second cervical vertebra.

(apex of the neck, hands, feet, and extremities), as depicted
in Figures 3 and 4.

In the past, fat was quantified systematically by spec-
troscopy. However, spectroscopy has an intrinsic limitation
to its spatial resolution and requires more complex data
processing. In contrast, the Dixon technique has been
gaining importance because it allows accurate measure-
ments of the FF, with shorter examination times to cover
a large region of interest. However, we should be aware of
some confounding factors?*3%); the T1 effect, noise bias,
T2* decay, the spectral complexity of fat, and BO magnetic
field heterogeneity.

THE DIXON TECHNIQUE FOR EVALUATION
OF THE MUSCULOSKELETAL SYSTEM

The Dixon technique allows four types of images to
be obtained: fat-only, water-only, in-phase, and out-of-
phase. It is usually acquired in T1 weighting combined
with intravenous contrast administration. In T2 weight-
ing, it can be used for better visualization of the regional
anatomy, highlighting the water-only images to detect
areas with edema (increased signal). Water-only images
represent total fat suppression. Fat-only images, visibly
similar to T1-weighted images, allow the study of fat, and
it is important to remember that in this case only the fat
will have a high signal intensity .

Fat suppression

Fat suppression is a method that is widely used in
examinations of the musculoskeletal system, with the ob-
jective of improving tissue contrast, thus facilitating the
identification of lesions. In most MRI sequences, fat has
a high signal intensity. Therefore, for better visualization
of areas of edema, it is important to apply fat suppression.

Radiol Bras. 2021 Jan/Fev;54(1):33-42

Figure 4. Axial plane images of cervicothoracic transition of a 58-year-old male
patient demonstrating insufficient fat suppression in a T2-weighted FSE se-
quence with fat suppression (A), compared with a T2-weighted IDEAL water-
only sequence (B).

However, the acquisition of high-quality MRI images of
the musculoskeletal system, with uniform fat suppres-
sion, is challenging because it is difficult to obtain mag-
netic field homogeneity at the extremities'?.

Because GRE sequences are quite sensitive for detec-

tion of metallic artifacts and iron deposition, T2* decay
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can lead to overestimation those changes, which may lim-
it the evaluation, unlike the Dixon technique®. Recent
studies have attempted to replace T1-weighted sequences
with T2-weighted Dixon technique sequences®?® us-
ing fat-only imaging to detect vertebral metastasis and
identify periarticular fatty replacement in cases of sac-
roiliitis (Figure 5). Those studies obtained similar results
in these aspects, demonstrating that the Dixon technique
is an interesting option, reducing the duration of the ex-
amination, because it would be the only sequence neces-
sary®2830)

The duration of an examination employing the Dixon
technique is usually clinically acceptable, albeit about
three times longer than the minimum time required to
acquire a conventional sequence. In addition, the Dixon
technique provides better signal-to-noise efficiency than
do conventional fat-suppressed sequences, because the
former precludes the need to acquire long spatial spec-
tral pulses, reducing recovery time and compensating
for the increased minimum scan time. Thus, the Dixon
technique allows effective, homogeneous fat suppression,
with a high SNR, aspects that are important for the ac-
quisition of images in the extremities and near metallic

implants"'?.

Figure 5. Axial images, from a T1-weighted FSE sequence (A) and a T2-weighted
IDEAL fat-only sequence (B), of a 15-year-old female patient, showing periarticu-
lar areas of fatty replacement in the iliac components of both sacroiliac joints,
detectable in both sequences.

38

Fat quantification

The use of MRI for the quantification of adipose tis-
sue has been increasing, becoming a subject of great in-
terest and the object of considerable research!®3V. Tt is
most commonly used in some specific areas or organs,
such as the liver. There is a need for additional studies to
standardize and validate MRI-based fat quantification for
clinical application in other tissues, such as muscle and
bone marrow!'®.

Various studies have addressed the use of fat quanti-
fication by the Dixon technique combined with GRE or
SE for evaluation of the musculature in diseases such as

5:6,13,16) 55 well as of the

Duchenne muscular dystrophy
volume of the rotator cuff muscles®>3%. The quantita-
tive Dixon technique has been used in the analysis of
fatty infiltration and muscle volume in patients with a
torn rotator cuff, to assist in the indication of surgical
repair®, The advantage of using the Dixon technique
in such cases is that it enables volumetric analysis of the
ventral surface of the muscle, whereas the Goutallier
classification system presents low reproducibility, with
evaluation restricted to a single slice®?.

The quantitative Dixon technique methods can also
be used in evaluating bone marrow infiltration in hema-
tological disorders, metastatic diseases, and osteoporo-

(15,18,29,3035) ' Egpecially in the evaluation of hemato-

sis
logical diseases, the technique allows the quantification
of fat and of iron deposition, which can accumulate in
the body in patients with history of multiple blood trans-
fusions'®. In Gaucher disease, for example, the reduc-
tion in the FF may reflect intracellular deposition in the

bone marrow. Maas et al.®

suggested using an FF cut-
off point of 0.23, below which there is an increase in the
prevalence of complications arising from Gaucher dis-
ease of the lumbar spine (vertebral collapse and osteone-
crosis). However, that method of quantification warrants
further study, including other anatomical regions and
other diseases, to improve understanding and to stan-
dardize its analysis.

Quantitative Dixon sequences constitute a promising
and reliable method for fat suppression and fat quantifi-
cation. Through automatic image processing, it provides,
in addition to fat-only, water-only, in-phase, and out-of-
phase images, FF and R2* images that allow fat quanti-

fication and iron content estimation, respectively?®

, as
shown in Figure 6.

Unfortunately, there are no validated data regard-
ing the best parameters for the acquisition of quantita-
tive Dixon sequences. Therefore, divergences and lack of
standardization make it difficult to arrive at universally
accepted normal values for the measurements obtained
by these sequences'*'9, When the IDEAL-IQ, LiverLab,
and mDIXON Quant methods are employed, even greater
care should be taken in the interpretation of information
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_ .
Mean=40.04 SD=2.801
Max=46 Min=36
Area=0.6199 cm? (33 px)

Mean=100.64 SD=9.991
Max=118 Min=83
Area=0.6199 cm? (33 px)

Figure 6. Images obtained in a single acquisition by the modified Dixon technique in a 33-year-old female patient to allow direct quantification of the FF and estima-
tion of iron content. In A, the FF map; in B, the water-only image; in C, the fat-only image; in D, the R2* map; in E, the in-phase image; in F, the out-of-phase image.
Quantitative evaluation with demarcated regions of interest can be illustrated by demonstrating the FF (A) and estimating the iron content (D).

related to the musculoskeletal system, because the tech-
nique is more well developed and more widely used for
evaluation of the liver®",

Sequences obtained with the quantitative Dixon tech-
nique are becoming available for various makes of MRI
scanners. The acquisition time is variable, being longer
(typically 4—5 min) for the IDEAL, Dixon, and mDIXON
sequences, whereas it is considerably shorter (1670 s)
for the IDEAL-IQ, LiverLab, and mDIXON Quant se-
quences, and the images can be acquired during a breath
hold or during free breathing, depending on the region
analyzed. Because the acquisition time is relatively long
for bone marrow evaluation, it can be performed in free
breathing. It is also important to emphasize that the imag-

es obtained in the IDEAL, Dixon or mDIXON sequences

Radiol Bras. 2021 Jan/Fev;54(1):33-42

have higher spatial resolution, allowing better identifica-
tion of the anatomical structures. The IDEAL-IQ, Liv-
erLab, and mDIXON Quant prioritize quantification and
therefore lose a little in terms of anatomical resolution.
In practice, the procedure for the quantification of fat
and iron using quantitative Dixon techniques is simple.
The MRI scanner itself processes the images, providing
all of the maps needed for direct measurement. The eval-
uator will need only to access the workstation and select
the FF or R2* maps through a volume viewer. When the
region of interest tool is activated with a shape and size
appropriate to the anatomical region studied (Figure 6),
the mean value for the FF and the estimated iron content
in that area appear(ls’zl). It is important to mention that
R2* is the inverse of T2*, the latter being used in order
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to measure the amount of iron, a low T2* value indicating
a high iron content, which results in a high proton relax-
ation rate. Therefore, a higher R2* value translates to a
lower T2* value and a greater amount of iron deposited in
the region of interest analyzed®?.

In clinical practice, the Dixon technique has great
utility and potential in the evaluation of the musculoskel-
etal system, not only as a robust, efficient fat suppression
technique but also for quantitative analysis. Table 1 sum-
marizes the main applications of the Dixon technique in
the musculoskeletal system.

DISADVANTAGES AND LIMITATIONS

As previously mentioned, the Dixon technique has
many positive aspects and has been refined to minimize
its potential disadvantages. Currently, the main restric-
tions on its use are that it is not available on less modern
equipment and that knowledge regarding its applications
is not widely disseminated, as well as the longer acqui-

Table 1—Main applications of the Dixon technique in musculoskeletal diseases.

sition times and the longer time required for image re-
construction when compared with other fat suppression
sequences"?.

The Dixon technique is not recommended for fat quan-
tification in regions highly affected by heterogeneity of BO
magnetic field, reducing the accuracy of measurements.
Therefore, imaging of extremely large regions should be
avoided, since the homogeneity correction system of the
MRI equipment might not be sufficient for accurate quan-
tification. Despite the limited spatial resolution of spec-
troscopy, it has higher frequency resolution than the Dixon
technique. Dixon technique is not suitable to discriminate
between different lipid molecules.

CONCLUSION

The Dixon technique has advantages in multiple ap-
plications for evaluation of musculoskeletal system dis-
eases. It allows more robust fat suppression than do other
sequences and can be used in combination with multiple

Fat suppression

Fat quantification

e Examination of the hands or fingers, where the transition between soft tissues and ambi-
ent air occurs abruptly due to the small dimensions of the structures analyzed (Figure 7)

* In the assessment of the pelvis, thighs, legs, and spine, where fat suppression can be
more homogeneous, especially in the extremities, even in the presence of metal prosthe-

ses (Figures 2 and 3)

(Figure 5)

with conventional sequences (Figure 8)

In studies of the brachial plexus study because of the potentially higher SNR and larger
matrix, allowing larger fields of vision with higher spatial resolution (Figure 4)

Analysis of sacroiliac joints better than that of conventional sequences for subchondral
fatty replacement, periarticular bone edema, and bone erosion in a single acquisition

Identification of small subchondral fracture lines and osteochondral lesions not identified

¢ Quantitative assessment of muscle tropism by the degree
of fatty replacement

¢ Quantification of bone marrow fat and cellularity in some
hematological disorders, metastatic diseases, and osteo-
porosis

Figure 7. Short- and long-axis images of the hands and wrists of a 30-year-old female patient with psoriatic arthritis followed by a protocol for rheumatologic
disease with simultaneous contrast-enhanced imaging of both hands. Contrast-enhanced T1-weighted FSE sequence with fat suppression (A,C) and contrast-
enhanced T1-weighted IDEAL sequence (B,D), demonstrating that the latter (the Dixon technique) provided more effective fat suppression in the hand and wrist.
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Figure 8. T2-weighted FSE sequence with fat suppression (A) and IDEAL
water-only sequence (B) images of a 24-year-old female patient showing an
osteochondral lesion in the navicular bone. The Dixon technique provides bet-
ter delineation of chondral involvement, whereas bone marrow edema is more
evident in the T2-weighted FSE sequence with fat suppression.

different sequences (GRE and SE) and using different
weightings (T'1, T2, or proton density). The Dixon tech-
nique also allows images with and without fat suppression
to be obtained in a single acquisition, as well as being
a useful quantitative method, allowing the FF measure-
ment and, in more updated versions, quantifying tissue
iron content.
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