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 There is renewed interest in determining the amount and composition of fat in a variety 
of organs, including liver and skeletal muscle. An example of a recently published NMR 
spectrum of subcutaneous fat in a human taken at is shown in Figure 1. A spectrum of 
peanut oil is shown for comparison. 
 

 
 

Figure 1. Two representative spectra collected in peanut oil and knee subcutaneous fat at 3T. The spectra 
were shifted and displayed such that the main fat peak is at 420 Hz relative to water. Both fat spectra show 
a very similar multi-peak pattern. Six peaks can be identified, and their chemical shift frequencies relative 
to the water resonant frequency at 3T are labeled. Peak 6 is at slightly different locations in the two spectra. 
Taken from (1).   
 
The use of localized magnetic resonance spectroscopy (MRS) provides the most direct 
method for determining the amount and composition of fat in vivo. The relative amount 
of fat can be determined by determining its concentration relative to the water peak 
present. The composition of fat can be determined by identifying and quantifying the 
relative amounts of each of the six peaks labeled in Figure 1.  
     One of the interesting early observations made in comparing spectra obtained from fat 
in muscle to spectra obtained from fat in other organs was the observations of two lipid 
compartments in the spectra obtained from muscle (2,3). This observation and its 
explanation has provided the basis for quantitating intra-myocellular and extra-
myocellular fat in muscle. The implications and utility of this approach will be discussed. 
   Poor shimming (adjustment of the local magnetic field homogeneity) may pose some 
problems for in vivo analysis. Physiological motion may also pose a problem if signal 
averaging is employed although there have been a variety of both navigator based 
methods (see for example (4)) as well as breath-holding methods (see for example (5))  
employed in vivo. These may not be issues for “so-called” single voxel methods where 
only one localized region of tissue is sampled. There are applications where the 
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determination of the spatial distribution of fat content and composition may be important.  
In these cases there have been two distinctly different, but related approaches; multi-
voxel MRS (see for example (6)) or MR image based methods. We will discuss the 
technical challenges and merits of both of these methods. 
    The image based methods are largely based on the Dixon approach (7) where a delay 
time is chosen such that MR images are acquired in which the relative phase evolution of 
the fat and water signals are either zero or 180 degrees. This simple approach has been 
extended to also account for the effects of the local magnetic field homogeneity (8,9). 
These simple Dixon based method have been combined with a variety of other features to 
deal with motion and reduce scan times (10,11).  
     This simple Dixon based approach is based on the assumption that there is a single 
predominant peak in the fat spectrum and that T2* relaxation effects are negligible. 
Neither of these assumptions is completely valid and there have been remedies proposed 
to deal with the results for both of these assumptions (1,12). As pointed out by Wehrli, in 
1987, there are modulations observed in echo-trains generated by GRE images that can 
be used to provide spectral information (13). This approach as well as using a 
modification of the simple three point Dixon method, called the iterative decomposition 
of water and fat with echo asymmetry and least-squares estimation (IDEAL) (14) in 
combination with multi-peak estimation methods can be employed very well to image fat 
in vivo (1).  We will discuss the basis for using this method as well as provide some 
results from the literature. 
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