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Introduction: Direct imaging of the very short T2 tissues frequently encountered in the musculoskeletal system using MRI requires specialized 
pulse sequences with very short echo times (TEs). Ultrashort TE (UTE) sequences typically begin data acquisition as soon as possible after the 
RF excitation with k-space acquired in a center out fashion [1]. Since they are often mainly PD weighted, regular UTE images detect signals from 
both very short and longer T2 tissues and often do not specifically show short T2 tissues of interest. Magnetization inversion is an important tool 
in this situation to generate contrast and selectively eliminate certain long T2 signals from the image, such as those from fat or muscle [2]. 
Volunteer experiments were performed to demonstrate the ability of this approach to directly image short T2 tissues such as cortical bone within 
clinical scan times. 
 
Materials and Methods: Imaging was performed using a center out 3D Cones (3D UTE) acquisition on a 3T GE HDxt clinical MR scanner. The 
3D Cones sequence employed a unique data sampling trajectory scheme that samples MRI data along twisting paths that follow cone surfaces in 
3D [3]. It samples data starting from the center of k-space and twists outwards from there with data acquisition starting as soon as possible after 
the RF excitation. To minimize scan time (to less than 5 minutes), anisotropic FOV encoding together with slab-selection was used to excite and 
encode only the regions of interest. IR preparation was performed using 8.6ms Silver-Hoult (SH) adiabatic IR pulses [4,5] in order to minimize 
inversion sensitivity to B1 and B0 inhomogeneity. The IR pulse was repeated every TR period, during which N separate UTE k-space spokes 
were obtained during short time intervals τ (see Fig.1 for an example with N=5). The TI is defined as the time from the center of the IR pulse to 
the center spoke and was set to approximately the null-point for fat signals. At this TI water signals in muscle have not yet reached the null-point, 
however their steady-state z-magnetization was low due to its continuous inversion and re-inversion. 
 
Experimental Results: Figs.2-4 show several examples of IR prepared 3D UTE images of various structures. Fig.2 shows an axial scan of the 
tibia and fibula. This figure also shows coil elements and padding that contain short T2 signals. Fig.3 shows an example of an axial image of the 
skull, which could find applications in PET-MR. Finally, Fig.4 shows a sagittal image through the knee, which shows cortical and adjacent 
trabecular bone as well as the patella tendon.   
 
Conclusion: IR prepared 3D UTE imaging can be used to suppress long T2 signals in UTE imaging. Volunteer scans were performed and show 
excellent suppression efficiency of long T2 fat and water containing tissues within clinical scan times of less than 5 minutes. 
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 Fig.1: Schematic diagram of IR 
preparation used with the UTE pulse 
sequence. 

Figs.2-4: Volunteer data from various regions. Fig.2 shows an axial scan of the tibia and fibula as 
well as tendons, aponeuroses, coil elements, and padding. Fig.3 shows an example of an axial 
image of the skull with the inner and outer tables clearly seen. Fig.4 shows a sagittal image 
through the knee, which shows both cortical and trabecular bone as well as the patella tendon. 
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