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Techniques to suppress the contribution of the adipose tissue from the total MRI signal.

To improve contrast-to-noise ratio and the visibility of lesions, as well as to remove artifacts.

For multiple clinical applications (e.g. abdomen, breast and MSK imaging) and applicable to all MRI weightings.
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Fat suppression techniques are widely used in MRI because fat has a short relaxation time and, therefore, a high signal on MRI, which could 
lead to artifacts (e.g. chemical shift and ghosting) or hide contrast enhancing lesions. These techniques can be divided into three major types: 
chemical shift-based, inversion-based and hybrid. 

Chemical shift-based techniques
• Chemical shift-selective fat suppression (Fat-Sat/CHESS) is the most frequently used method. It exploits 

the chemical shift di�erence between water and fat (see illustration on the right). Speci�cally, a narrow 
bandwidth RF pulse centered at the resonance frequency of fat is applied together with a spoiler 
gradient, saturating and dephasing fat protons. In this way, only water protons produce signal. This 
technique is very versatile because it can be used with any pulse sequence.

• The water excitation technique (WET) uses a short series of RF pulses to perform a selective excitation of 
water protons while suppressing the signal from fat. This is a fast technique because no spoiler gradient 
is required. It is widely used in MSK (e.g. for cartilage evaluation) and for imaging regions with high fat 
content, such as abdomen or breast.

• The Dixon method uses the phase di�erence between fat and water signals to separate and suppress 
the fat signal (see the Good to Know titled ‘Fat vs. Water, The Dixon Technique’ for further details).

Inversion-based technique
Short tau inversion recovery (STIR) technique suppresses fat using an inversion time 
TI=ln(2)·T1fat, where the signal from fat is nulled (see illustration on the left). At 1.5T, this would 
correspond to a TI of around 140 ms. TI corresponds to the time during which the longitudinal 
magnetization recovers towards its initial value after the application of an inversion pulse. 
Recovery rate is determined by tissue's T1 relaxation time so, for optimal contrast between 
tissues (by proper TI selection), their T1 should be di�erent. STIR is commonly used for 
whole-body imaging and enables a homogenous and global fat suppression. 

Hybrid technique
Spectral Attenuated Inversion Recovery (SPAIR) technique combines a CHESS pulse with an 
inversion delay and spoiling for nulling the signal from fat. In addition, SPAIR uses an adiabatic 
inverting pulse, reducing its sensitivity to B1 inhomogeneity.
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Volunteer T1w image (without fat suppression) is compared to three di�erent fat suppression techniques, with di�erent suppression results.

T1w Fat-Sat/CHESS SPAIR STIR

2 min 40 s  2 min 29 s  2 min 49 s  2 min 59 s

https://global.medical.canon/products/magnetic-resonance/good-to-know.html?utm_source=linkedin&utm_medium=social&utm_campaign=MRGood2Know&utm_content=090721&sf146589676=1#fat


Questions from the �eld? 
Q. 
A.

How to select the best technique for fat suppression?    
There are multiple methods to suppress fat with the aim of providing a better visualization of pathology or contrast enhancement. 
The criteria for selecting the best technique for a speci�c clinical application will depend on imaging purpose; body region and 
amount of fat within it; �eld strength; usage of gadolinium contrast or presence of metal, among others. 
In general, Fat-Sat technique is the most versatile and provides high SNR while requiring shorter scan time. However, SPAIR is 
sometimes considered more robust and reproducible, given its lower sensitivity to �eld inhomogeneities. For some speci�c 
applications, there are other techniques performing better, such as STIR, when using large �elds of view or with metal implants, which 
hamper an accurate shimming. 

Which is the e�ect of �eld strength and homogeneity?
Both �eld strength and �eld homogeneity can impact the e�ectiveness of fat suppression techniques to varying extents. STIR and 
SPAIR, for instance, are insensitive or less sensitive, respectively, to magnetic �eld inhomogeneities. In general, B0 inhomogeneity 
causes geometrical distortions or non-uniformities on MR signal, and both B0 and B1 inhomogeneities could lead to insu�cient fat 
suppression in some areas.  
Assuming B0 and B1 �eld homogeneity, techniques based on chemical shift fat selection (Fat-Sat) tend to work better at high �eld 
strengths because the higher the magnetic �eld strength, the larger the distance between water and fat peaks. When this technique 
is applied on MR systems with lower magnetic �elds (e.g. 0.5T), the two peaks could overlap, leading to incorrect or heterogeneous fat 
suppression.

Q. 
A.

Q. 
A.

Q.
 
A.

What fat suppression technique do perform better on subjects 
with metal implants?
Some chemical shift-based (Fat-Sat and WET) and hybrid techniques (SPAIR) performance is 
highly sensitive to the presence of metal, producing a poor or incomplete fat suppression. On 
the contrary, STIR technique is less sensitive to �eld inhomogeneities, so the e�ect of metal is 
minimized, making it a good choice for examining regions near metal. This can be seen in the 
attached �gure.

Which is the most important limitation of STIR technique?
The signal suppression provided by this technique is not speci�c to fat, so any tissue 
component with short T1 can be nulled. For this reason, STIR cannot be used for 
post-gadolinium injection imaging because tissues with gadolinium uptake would present 
shortened T1 and might be suppressed. For scenarios in which contrast injection is required, 
Fat-Sat, WET or Dixon techniques could serve as alternatives to STIR.

Tips, Tricks and best practicesPrecautions
• Correct shimming is crucial for ensuring optimal magnetic 

�eld homogeneity and both water and fat peaks delineation 
and, thus, for achieving adequate fat suppression results. This 
is especially important for CHESS and hybrid techniques.

• It is paramount to adapt the fat suppression technique to the 
anatomical region to be examined, because, in some irregular 
anatomical areas (e.g. shoulder, hips, ankle, etc.), there could 
appear artifacts that mimic pathological signs like edema.   

• To place the anatomical region to be scanned in the isocenter 
of the magnet. The longer the distance to the isocenter, the 
poorer fat suppression performance. 

• To use pads between the coil and the skin to deal better with 
potential inhomogeneity e�ects at air-fat interface, especially 
in small distal regions, such as hand and foot.

Want to stretch your knowledge?
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