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Introduction: Susceptibility weighted imaging has proved to be a successful clinical technique with important applications in the brain and 
elsewhere in the body [1,2].  Phase and magnitude images can be used separately or in combination to provide useful information.  Most 
approaches employ gradient echo sequences with TEs of about 10-30 ms to allow time for phase evolution. More dramatic results such as phase 
contrast between grey and white matter of the brain are often seen at higher fields such as 7T. While the mechanism for contrast development is 
clear with paramagnetics such as deoxyhemoglobin, the mechanisms in other situations are less clear and may relate to tissue order, 
magnetization exchange and other factors [3,4]. To date, susceptibility weighted imaging has not been applied to short T2 tissues such as tendon, 
ligaments, meniscus and cortical bone because the rapid loss of signal in these tissues has necessitated the use of short or ultrashort TEs to detect 
useful signal levels and these TEs have been thought to be insufficient to allow the necessary phase evolution in order to develop useful contrast. 
In this paper we report our initial experience with susceptibility weighted imaging of short T2 tissues using short (<10 ms) and ultrashort (<1ms) 
TE pulse sequences. 
Materials and Methods All studies were conducted in a 3T clinical MR system (GE Healthcare) and used dedicated receiver coils.  Pulse 
sequences were either ultrashort TE (TE = 12 μs) or gradient echo (TE = 2 – 10 ms) with typical TRs for 2D acquisitions of 300-500 msec.  
Matrix sizes varied from 256 x 256 to 512 x 512.  Adult human subjects and human tissue samples were studied. 
Results  The use of ultrashort TEs strongly reduced the impact of static field inhomogeneities on phase images, which frequently did not require 
phase unwrapping. Phase maps showed differences attributable to varying susceptibility in normal tendons, ligaments, meniscii, and cortical 
bone.  In the meniscus, phase differences between circumferential and radial fibers groups were seen at TE = 12 μs (Fig.1) and these became 
more pronounced at longer TEs up to 6 ms. The effects varied with orientation of the fibers to B0 as well as orientation of fibers to the imaging 
slice (due to partial volume effects). Differences between tensile fibers and endotenon were observed in the Achilles tendon (Fig.2) as well as 
between ligament and endoligament in the posterior cruciate ligament (Fig.3). High contrast differences were observed at ultrashort TEs between 
the radius and ulna and adjacent tissues (Fig.4).  Even when magnitude images were of relatively low signal to noise ratio, phase images showed 
changes in the meniscus, tendons and cortical bone.   
Discussion It is possible to observe phase images attributable to susceptibility differences in short T2 tissues using short and ultrashort TE pulse 
sequences at the routine clinical field strength of 3T. Unlike the usual long TE methods, the currently investigated phase contrast in UTE 
sequences has phase accrued during the RF excitation and readout periods of the sequence. Bulk magnetic susceptibility effects have been 
observed to change in the Achilles tendon when the fiber orientation to B0 is varied [5] but local variations of susceptibility effects have not 
previously been directly observed in short T2 tissues. The mechanism of the changes may be related to tissue order and the underlying chemistry 
of collagen. The magic angle effect is relevant in this context as the increased signal at particular orientations may increase the signal to noise of 
phase images. 
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