
Figure 2. Enlargement showing the 
auditory canal (red arrows) and lack 
of geometric distortion due to off 
resonance. 

 

Figure 1. Reformats of images acquired with the MT pulse far (MT off) and  near (MT on) off- 
resonance, and the resulting MTR. Note gray white matter contrast (column 2), high resolution 
allowing depiction of the cerebellum (red arrows) and lack of distortion near the sinus and 
auditory canals (yellow arrow). 
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PURPOSE: The rising prevalence of neurodegenerative diseases involving both gray and white matter (GM/WM) demands robust imaging of 
GM/WM structure and pathology. In MRI, this has traditionally been performed with simple, single-compartment T1 and T2 contrast mechanisms; 
however, alternative contrast mechanisms may provide better delineation of disease.  For example, magnetization transfer (MT) provides a means to 
probe short-T2 proton species and has demonstrated improved sensitivity to myelin pathology in multiple sclerosis (MS) [1].  Unfortunately, 
isolation of MT requires lengthy scans which are sensitive to patient motion, which can be problematic for neurological patients. The purpose of this 
work is to develop more robust MT imaging by leveraging radial zero echo time (ZTE) imaging [2] in combination with periodic MT preparation. 
Unlike conventional MT imaging, the proposed sequence is: quiet, highly SAR and time efficient with reduced artifacts due to the periodic 
preparation and acquisition trajectory, reduces motion sensitivity and offers a sub-millisecond echo time (TE) for reduced dephasing and signal loss 
of very short T2 species. 

METHODS: Imaging was performed on 3T clinical MRI 
(MR750w and MR450w, GE Healthcare, Waukesha, WI) 
using 8-channel receive array head coils (Invivo 
Corporation, Orlando, FL). A high power MT preparation 
pulse was periodically performed every 155ms during a low 
flip angle 3D radial acquisition using a very time-efficient 
ZTE radial trajectory to maximize data sampling between 
MT pulses [3]. Due to the low flip angle and repeated 
sampling of the center of k-space, this readout is relatively 
insensitive to interruption of steady state introduced by the 
MT pulse.  Acquisition parameters included scan time of 
4:50, 2 degree imaging flip angle, 1.1 mm isotropic 
acquired voxel size, 24 cm FOV, ±30kHz BW, angular 
sampling density of twice the Nyquist rate at the outer edge 
of k-space.  MT preparation was achieved utilizing a RF-
only 30ms, 3000° hamming windowed sinc pulse played at 
1000 Hz off-resonance. For comparison, a Cartesian 
acquisition was acquired using the same periodic MT 
preparation pulse every 32 phase encodes with 2.9/12ms 
TE/TR and 4o imaging flip angle. Spatial resolution, BW, 
and total acquisition time were matched. Magnetization 
ratio (MTR) images were calculated utilizing acquisitions 
were using a far off-resonance excitation frequency (100 
kHz). 

RESULTS: Images from a volunteer with the MT pulse far 
off-resonance show relatively flat proton density weighted contrast (Fig. 1 column 1). However with the MT pulse, strong contrast is visible between 
the gray and white mater structures (Fig. 1, column 2). MT ratio (MTR) images show with excellent depiction of the cerebellum with high isotropic 
1.1 mm spatial resolution (Fig. 1 column 3, red arrow). Images acquired using a Cartesian acquisition with the same periodic preparation show 
aliasing introduced by interruption of steady state by intermittent saturation (Fig. 1 column 4).  The short echo 
time allowed assessment of structures near the bone and air interfaces that have proven challenging for 
conventional methods using longer echo times. An enlargement of the auditory canal in a second volunteer 
demonstrates the high contrast and lack of geometric distortion (Fig. 2 red arrows). The periodic preparation 
pulse combined with the ZTE image acquisition provided the further advantage of very low acoustic noise at 
less than 3dB. 

CONCLUSION: The combination of a periodic MT preparation pulse with a ZTE data acquisition shows 
potential for providing quiet MT contrast in much shorter scan times reducing sensitivity to patient motion or 
allowing higher spatial resolution acquisitions. UTE-MT based methods have shown promise for visualization 
of short T2 species in MSK [5] and the ZTE based method may allow The ZTE acquisition may allow a silent 
method to better visualize short T2 species that typically are not visible in the MT spectrum, this may be of 
interest in MSK applications. However, further work is required to adapt imaging to quantitative magnetization 
transfer / z-spectrum imaging.  The high acquisition speed of 3D radial MT may allow for higher dynamic 
ranges in situations with unknown T2 bound. 
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