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ABSTRACT 

Fat-suppression technology of magnetic resonance is very important in clinical practice. This article is written to inter- 
pret the principle, advantages/disadvantages and clinical applications of some regular fat-suppression sequences in the 
diagnosis of Bone-Joint Disease, including: 1) frequency-selective saturation (FS); 2) short-TI inversion recovery (STIR); 
3) frequency selective inversion pulse; 4) fat suppression water or fat selective excitation technique; 5) Dixon tech- 
nology and 6) magnetization transfer contrast (MTI). 
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1. Introduction 

Fat tissue contains amount of hydrogen protons which 
show high signal in both T1-weighted imaging (T1WI) 
and T2-weighted imaging (T2WI) sequence, which not 
only cover the signal of other tissues, but also produce 
chemical shift artifact. Fat suppression MR pulse se- 
quence can suppress the signal from adipose tissue, so it 
can be used in routine magnetic resonance imaging in 
order to reduce chemical shift artifact and improve visu- 
alization of uptake of contrast material. Now this imag- 
ing sequence is also significant in the diagnosis of mus- 
culoskeletal diseases. This article is written to describe 
the principles of these different kinds of fat-suppression 
MR sequences and their applications for the musculo- 
skeletal system. 

2. Commonly Used Fat-Suppression MR  
Sequences 

2.1. Frequency-Selective Saturation (FS) 

Procession frequency of protons in fat is different from 
that in water molecules. A frequency-selective saturation 
radio-frequency pulse with the same resonance frequency 
as that of lipids is applied at first, then a homogeneity 
spoiling gradient pulse is applied immediately. Thus, the 
signal we get contains no contribution from lipid [1]. 
This method can be used in any MR imaging sequence, 
such as TIWI, T2WI, and PDWI (FS-T1WI, FS-T2WI, 
FS-PDWI). FS-T2WI has advantage in spine, joints of 
extremities and Minor Joints, especially has high value in 
the diagnosis of vertebral body occult fractures, thus can 
used as a routine sequence for spinal trauma [2]. While 

FS-PDWI is commonly used in joints of extremities, 
such as knee joint. It has advantage in the detecting the 
occult fractures of extremities, especially with Bone Con- 
tusion, ligament, tendon and menisci injury [3,4]. This fat 
suppression is specific, for it can get complete suppres- 
sion of lipid signal, so signal in nonadipose tissue is 
practically unaffected as long as the saturation pulse fre- 
quency and bandwidth are properly selected. But this 
method has a high demand for magnetic field homogene- 
ity, so it can only be used MR instruments with high- 
field-strength magnets; in the large FOV scan, the effect 
of fat suppression is poor in peripheral region. It is only 
applied to small-FOV examinations such as head, neck, 
spine imaging and minor joints of extremities imaging. 
Also it increases the scanning time and specific absorp- 
tion rate (SAR) value as well. 

Figure 1 FS-T2WI has advantage in knee joint, which 
can detect the occult fractures of knee, especially with 
bone contusion, ligament, tendon and menisci injury. 

Figure 2 FS-T2WI also has advantage in minor joints, 
which can detect the occult fractures of minor joints, es- 
pecially with bone contusion, articular effusion and liga- 
ment injury. 

Figures 3 and 4 FS-PDWI is commonly used in knee 
joint. It has advantage in the detecting the occult frac- 
tures of extremities, especially with bone contusion, liga 
ment, tendon and menisci injury. 

2.2. Short-TI Inversion Recovery (STIR) 

Short TI inversion recovery (STIR) sequence can sup- 
press fat signal based on differences in the TI of the tis- 
sues. The TI of fat tissue is shorter than that of water.  
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Figure 1. Coronal T2-FS MRI image of knee joint. 
 

 

Figure 2. Sagittal T2-FS image of foot. 
 

 

Figure 3. Sagittal PDWI-FS image of knee joint. 
 
So, after 180˚ inversion pulse, the longitudinal magneti- 
zation of fat tissue will recover faster than that of water. 
Then a 90˚ pulse is applied at the null point of fat tissue, 
we can get the signal produced by water without fat tis- 
sue. STIR suppress the fat signal by this way [1]. Ad- 
vantages of this method are insensitive to magnetic field 
inhomogeneity and can be used in low-field-strength 
magnets, and can also be applied for the large FOV scan-  

 

Figure 4. Axial PDWI-FS image of knee joint. 
 

ning such as spine,Limb Long Bones and trunk imaging. 
Disadvantages include 1) This fat suppression is non- 
specific, for signal from tissue or fluid with a TI similar 
to that of fat will also be suppressed; 2) This method in- 
creases the scanning time, especially the TR time; 3) It 
can not be used with contrast-enhanced magnetic reso- 
nance angiography. 

The clinical applications of this technique as follows: 
1) STIR has the advantage in the diagnosis of bone 

marrow diseases. It can evaluate multiple sclerosis of the 
cervical spinal cord [5] and is useful in the rib chon- 
drosarcoma with intramedullary progression completely 
resected [6]. In bone marrow abnormalities of foot and 
ankle, STIR images and T1-weighted contrast-enhanced 
fat-suppressed MR images demonstrate almost identical 
imaging patterns, and diagnoses determined with these 
findings show little difference. Because of low cost and 
no intravenous injection required, we prefer to the use of 
the STIR sequence [7]. 

2) STIR, widely used in spine MRI, has a lot of ad- 
vantages in displaying spinal cord injury, in interpreting 
whether acute vertebral compression fracture or chronic, 
and in detecting the occult fractures. This pulse sequence 
has been reported as an ideal tool to determine the integ-
rity of the posterior ligamentous complex (PL-C) which 
has been proposed to be an integral aspect in the treat-
ment algorithm for spinal trauma [8]. It also has a high 
value in the diagnosis of osteoporotic vertebral frac- 
tures. 

3) A new technology combining STIR with whole- 
body DWI is called Diffusion-Weighted Imaging with 
Background Suppression (DWIBS), which has the poten- 
tial in the detection of focal bone marrow lesions from 
multiple myeloma and provides additional biological in- 
formation by ADC quantification [9]. 

Figures 5 and 6 STIR can be applied for the large 
FOV scanning such as spine from cervical vertebra to 
sacral vertebra. It has a lot of advantages in displaying 
spinal cord injury, in interpreting whether acute vertebral  
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Figure 5. Sagittal STIR image of spine. 
 

 

Figure 6. Sagittal STIR image of spine. 
 

compression fracture or chronic, and in detecting the oc- 
cult fractures. 

2.3. Frequency Selective Inversion Pulse  
(Spectral Presturation with Inversion  
Recovery SPIR, Spectral Presaturation  
Attenuated Inversion Recovery SPAIR) 

This technology can be seen as a combination of FS and 
STIR, which is based not only on the resonance fre- 
quency of fat tissue, but also on its short TI. Now, SPIR 
and SPAIR are commonly used in clinic. Compared with 
traditional STIR, SPIR method adds a 100˚ - 140˚ inver- 
sion pulse, and then the real pulse is given. It is the ad- 
vantage of SPIR that it shortens the scanning time for the 
angle of inversion pulse decrease. But it has a high de- 
mand for magnetic field homogeneity, it can only be 
used in high-field-strength magnets. Based on SPIR, a 
new technology called SPAIR is produced, in which a 

180˚ inversion pulse is given at first, in that way, fat tis- 
sue will be completely saturated. Its advantages are in- 
sensitive to inhomogeneity of B1 field and more effect- 
tive and complete fat suppression. This method increases 
the scanning time and SAR value as well, because its flip 
angle is larger than that of SPIR. 

Both SPIR and SPAIR have advantage in Musculo- 
skeletal System. SPAIR has a high value to show the soft 
tissue as knee articular cartilage, ligament and articular 
capsule, thus can be used in the diagnosis of knee disease 
before the operation. STIR technology usually suffers 
from artifact caused by spinal cord, while SPAIR does 
better in the spine imaging, especially in the spinal cord 
imaging, because it can get the picture with higher quailty 
with better SNR and less spinal cord artifact. So in the 
spinal cord injury, SPAIR technique can be used to take 
the place of traditional STIR sequence. 

Figures 7 and 8 SPAIR does better in the spine imag- 
ing, especially in the spinal cord imaging .SPAIR brings 
higher quality picture with better SNR and less spinal 
cord artifact. Figure 8 clearly shows vertebral body con- 
tusion with prominent high signal. 

 

 

Figure 7. Sagittal SPAIR image of sine. 
 

 

Figure 8. Sagittal SPAIR image of spine. 
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2.4. DIXON 

Because protons in lipid and water molecules have dif- 
ferent resonance frequencies, the phases of these protons 
relative to each other change with time after the initial 
excitation. Immediately after excitation, the lipid signal 
and water signal are in phase (the phase difference be- 
tween them is zero). However, protons in water mole- 
cules process fractionally faster than those in lipid; 
therefore, after a few milliseconds, the phase difference 
between them is 180˚ (the phase is opposed). With the 
Dixon method, both in-phase and opposed-phase images 
are acquired. Summation and subtraction of these two 
phase images were shown to produce a water-only image 
and a fat-only image. In this way, Fat suppression will be 
realized by DIXON technology. It is the advantage of 
this technology that we can get two groups images each 
time; whereas the disadvantages of this method are sen- 
sitive to magnetic field inhomogeneity and susceptible to 
the motion artifact and with long scan time .But, Fast 
spin-echo triple echo Dixon (TED) and iterative deco- 
mposition of water and fat with echo asymmetry and 
least-squares estimation (IDEAL) of two new technology 
based on DIXON can overcome these limitations. 

In FTED, water and fat signals for the three corre- 
sponding echoes have a relative phase shift of –180˚, 0˚, 
and 180˚ respectively. A fully automated postprocessing 
algorithm is then used to generate separate water-only 
and fat-only images for each slice. The new FTED tech- 
nique enables both uniform water/fat separation and fast 
scanning. And this method can be used with 2D-FSE, 3D 
FSE, 2D-STIR and 3D FSPGR [10,11]. 

FTED has the advantage in spine imaging, because it 
can offer the picture with high quality, clear histological 
anatomy, less motion artifact and chemical shift artifact 
caused by spinal cord and less scan time. 

IDEAL sequence, as a new modified DIXON tech- 
nique, can eliminate the side effects from both B0 and B1 
magnetic field inhomogeneity and provide images with 
the maximum high SNR. Meanwhile, IDEAL is com- 
patible with essentially any pulse sequence, including fast 
spin echo, steady-state free precession (SSFP), and T1- 
weighted spoiled gradient-recalled echo (GRE). In all, 
IDEAL imaging provides uniform and reliable fat sup- 
pression [12,13]. 

IDEAL has the advantage in spine imaging. As com- 
pared with fat-saturated T2W FRFSE, IDEAL can pro- 
vide a higher image quality, higher SNR-efficiency, and 
consistent, robust and uniform fat suppression. T2W ID- 
EAL FRFSE is a promising technique for MR imaging of 
the spine at 3.0 T [14,15]; IDEAL technique can quan- 
tify tumor infiltration into the lumbar vertebrae in mye- 
loma patients without visible focal lesions. This quantita- 
tive techniques truly exploit the utility of quantitative fat 
imaging for assessing disease processes affecting the 

bone marrow [16]; IDEAL GRASS images have high 
cartilage SNR, high contrast between cartilage and ad- 
jacent joint structures, and less scan time. Meanwhile 
IDEAL is also less sensitive to magnetic field inhomo- 
geneity than other fat-suppression methods, which is es- 
pecially important in evaluating articular cartilage of po- 
stoperative patients with metallic orthopedic hardware, 
so IDEAL GRASS is highly effective at helping evaluate 
the articular cartilage of the knee joint in patients. In all, 
IDEAL GRASS has similar sensitivity, specificity, and 
accuracy as a routine MR protocol for helping detect 
cartilage lesions [17,18]. 

Although IDEAL technique need a long scan time, in- 
phase and opposed-phase images, fat-only and water- 
only images are obtained during a single acquisition. So 
time is no more a limitation for IDEAL technique [12]. 

2.5. Fat Suppression Water or Fat Selective  
Excitation Technique 

This technology makes use of the effect of the chemical 
shift of fat and water, with spatial selectivity on the basis 
of frequency-selective excitation and selective water ex- 
citation (obtain water signal by suppressing fat signal) or 
fat stimulate (obtain fat signal by suppressing water sig- 
nal). And in clinic, we commonly use PROSET (prin- 
ciple of selective excitation technique), WATS and SPGR 
(spoiled gradient echo). 

1) In PROSET and WATS, two types of composite 
pulses can be used routinely: a four-element composite 
pulse with a 1:3:3:1 amplitude ratio (11.25˚:33.75˚: 
33.75˚:11.25˚) and a three-element composite pulse with 
a 1:2:1 amplitude ratio (22.45˚:45.00˚:22.45˚). With this 
technique, only water is excited by using section-elec- 
tive composite pulses, while lipid spins are left in equi- 
librium, thereby producing no signal [13]. Section-selec- 
tive water excitation is faster than conventional fat satu- 
ration and produces images of better quality. 

This technique suppresses the adipose tissue signal of 
the spinal cord, which reduce the affect of the artifact. 
And in this technique, slice thickness is thinner, and there 
is no scan interval, so we can get quantitative measure- 
ment of cartilage volume and thickness, and the measure- 
ing value is close to actual thickness. It is currently rec- 
ognized as the optimal scanning sequence to show the 
articular cartilage. For articular cartilage shows more 
clearly, a more accurate thickness measurement, a more 
sensitivity of the diagnosis and the highest specificity can 
be obtained from this method. And the diagnosis and 
staging is similar to arthroscopic. So it has significant 
advantage than traditional fat-suppression methods [18, 
19]. 

In Figure 9, articular cartilage of sacroiliac joint shows 
clearly in WATS. We can get quantitative measurement  
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Figure 9. Axial WATS image of sacroiliac joint. 
 
of cartilage volume and thickness, and the measuring 
value is close to actual thickness. 

2) SPGR is a kind of spoiled GRE sequence. In this se- 
quence, only the longitudinal magnetization vector con- 
tributes to the MR signal by applying interference RF 
pulse which make the transverse magnetization becomes 
zero, because it eliminates the interference of the T2 com- 
ponent and therefore better reflect T1. 

SPGR has a few disadvantages which are lack of re- 
liable contrast between cartilage and fluid that outlines 
surface defects and long imaging time, up to 8 minutes. 
In addition, SPGR imaging uses gradient and radio-fre 
quency spoiling to reduce artifacts and achieve near 
T1-weighting, but this method reduces the overall signal 
compared with steady-state techniques. Finally, 3D gra- 
dient-echo methods are less useful for the diagnosis of 
ligament or meniscal tears than spin-echo techniques. 
Despite of these limitations, 3D SPGR imaging is con- 

sidered as the standard for morphologic imaging of car- 
tilage [20]. 

Considering of these limitations, a new technology 
combining SPGR with IDEAL (IDEAL-SPGR) is ap- 
plied in clinic.Because IDEAL, as a new pulse sequence, 
can offer uniform and robust water-fat separation, sig- 
nificant SNR, high contrast between cartilage and fluid, 
and less imaging time to 5 minutes, and it is also insensi- 
tive to the inhomogeneity of B0 and B1. These advan- 
tages of IDEAL largely corrected the limitation of SPGR. 
So combining IDEAL with SPGR can provide high-re- 
solution, high-SNR images with less chemical shift arti- 
fact within the minimum time. The recombined images 
are corrected for chemical shift artifact in the readout 
direction, allowing use of lower receiver bandwidth with 
an associated increase in SNR [21]. This combined tech- 
nique is regarded as practice in clinic and has good pros- 
pects in the detection and evaluation of joint cartilage of 
musculoskeletal system MRI [22]. 

2.6. Magnetization Transfer (MTI) 

This approach exploits the fact that water rapidly ex- 
changes magnetization with protons in protein and mem- 
brane phospholipid of tissue and cells but does not ex- 
change magnetization with fat protons in the tissue. 
Saturation of the proton signal from protein and mem- 
brane phospholipid thus results in partial saturation of the 
water proton signal, then we get an image including a 
portion of the water signal and full fat signal. Subtraction 
of this image from the standard image, containing both 
water and fat signals, results in an image in which all fat 
signal is cancelled. This fat-elimination method is more 
efficient at suppressing fat signal than the conventional 
fat-suppression and water- or fat-selective imaging meth- 
ods [23]. 

 
Table 1. The application of different fat-suppression sequences in the diagnosis of bone joint. 

Spine Limb Joints 

 Sequence Cervical 
vertebra 

Thoracic 
vertebra 

Lumbar 
spine 

Bone Cartilage 

FS 
FS-T1WI/FS-T2WI
/FS-PDWI 

+ + ++ ++ + 

STIR STIR ++ + + + + 

FS-STIR 
SPIR  
SPAIR 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
++ 

+ 
++ 

DIXON 
Traditional DIXON 
IDEAL/FTED 

- 
++ 

- 
++ 

- 
++ 

- 
+ 

- 
+ 

Fat suppression water or  
fat selective excitation 
technique 

PROSET 
SPGR 

  
+ 
+ 

++ 
++ 

MTI MTI  + + + 
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This technique is widely used in nervous system MRI, 

but few report in musculoskeletal system, mainly: on 
spinal cord disease as spinal cord cavernomas, bleed 
caused by injury, and syringomyelia; on intervertebral 
disc protrusion/extursion, which can show the relation- 
ship between the intervertebral disc and spinal canal; and 
on the bone contusion of the knee, which can increase the 
specificity and sensitivity in the diagnosis [24]. 

3. Summary 

Fat-suppression pulse sequence is very important in mu- 
sculoskeletal system MRI.FS-T2WI is commonly used in 
spine and minor joints of extremities; FS-PDWI in joints 
like knee. For low-field-strength magnets or large-FOV 
scan, we can choose STIR, which can be used in the head, 
neck and spine imaging, especially in cervical vertebra, 
for it has a high value in showing spinal cord. For high- 
field-strength magnets, SPIR and SPAIR are commonly 
used in the articular cartilage and spinal imaging. Fat 
suppression water or fat selective excitation technique 
has the advantage in nervous root imaging. IDEAL tech- 
nique, as a modification of DIXON does well in the spi- 
nal imaging. The combined IDEAL-SPGR sequence has 
good prospects in musculoskeletal system MRI. The 
clinical applications of these fat-suppressed techniques 
can be referred to Table 1. In all, these fat-suppressed 
techniques have their own advantages. So we need fur- 
ther explore their new advantages and new combinations 
in order to improve and optimize our MR fat suppression 
to make outstanding contributions for the MRI diagnosis. 
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