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Purpose: Several ultrashort echo-time (UTE) imaging techniques have been developed mainly to capture signals from the very short T2 components 
of tissues such as cortical bones, menisci, ligaments, tendons, lung parenchyma, and so on (1-4). Image contrast acquired with UTE imaging is 
known to be a combination of T1- and proton-density (PD) weighting. Given a flip angle (FA), T1-weighting increases as TR decreases, whereas PD-
weighting increases as TR increases. In contrast, given TR, increasing FA makes more T1-weighting and decreasing FA more PD-weighting. In this 
study, we show that image contrast in UTE imaging can also be affected by changing RF pulse type and its duration, not solely by changing TR, and 
FA, due to the magnetization-transfer (MT) effect. This was demonstrated by simulation and human brain imaging. 

Methods: When a RF pulse is repeatedly applied in a gradient-echo based sequence like 
CODE, on-resonant MT effect exists. To simulate the effect of RF pulse type and its 
duration on the UTE image contrast from this viewpoint, we evaluated signal 
attenuation due to the on-resonant MT effect by using the mean saturation rate per RF 
pulse, <W(Δ)> (5): (∆) = 1 ( ) (∆) 	 1 . 
Here, tRF is a pulse duration ω1(t) = γB1(t), G(Δ) is the super-Lorentzian line shape 
function at a frequency offset ∆. In our case, as ∆ was on-resonance frequency, G(0) = 
1.4×10-5s-1 for T2,r = 12 μs(5). Assuming that FA = 5° as was in experiment, <W(Δ)> was 
calculated for a sinc and a square pulses, respectively, with tRF of 50, 100, 150, and 200 
μs. For experiment, human brain imaging was performed on a 3T Trio scanner (Siemens 
Magnetom Trio, Erlangen, Germany) with a 4-channel head coil (Siemens 
‘HeadMatrix’). For UTE imaging, a recently proposed CODE (Concurrent Dephasing 
and Excitation) sequence was used (4). CODE is a 3D radial gradient-echo based 
sequence, where the pre-dephasing gradient is applied during the RF excitation to 
minimize TE. Experimental parameters are as follows: TR/TE = 3.03/0.3 ms, FOV = 300 mm3, FA = 5˚, number of projections = 60 k. As was in the 
simulation, a sinc and a square pulses were used having tRF of 50, 100, 150, and 200 μs. Image reconstruction was performed offline with a home-
built MATLAB (ver. 7.12.0; R2011a) program using gridding algorithm. After reconstruction, 1- mm3 isotropic resolution was obtained. 

Results and Discussion: Figure 1 shows the simulation (dashed lines) and experimental results (solid lines) together. Simulation results were plotted 
as a dashed line, having a right vertical axis as <W(Δ)>. Since a sinc pulse has a higher B1 peak power than a square pulse for a given FA, <W(Δ)>sinc 
(dashed line with a circle) was larger than <W(Δ)>square in a given range of tRF. Especially, it is interesting to note that <W(Δ)>sinc significantly 
increases when tRF goes below 100 μs, whereas <W(Δ)>square slightly increases. This implies that the use of a sinc pulse with a very short tRF less than 
100 μs can introduce the non-negligible MT effect. The experimental results in Fig. 1 were obtained from Fig.2 and validated our expectation from 
simulation. Solid lines represent the relative ratio between white matter (WM) and gray matter (GM), i.e., WM/GM (left vertical axis), which was 
obtained from human brain images. While little noticeable change of WM/GM with respect to tRF was observed with a square pulse (dashed line with 
a square), considerable decrease of WM/GM took place as tRF varied from 100 to 50μs. This experimental result agrees with the simulation result 
because WM is well known to have signal attenuation due to the MT effect, thereby explaining the reduced T1 weighting (~13 %) shown in Fig. 2e 
when a sinc pulse of 50 μs was used. In the use of a square pulse (Figs. 2a, b, c, d), little contrast change was observed as tRF varied, which was also 
in agreement with simulation.   

Conclusion: The image contrast in UTE imaging consists of a mixture of T1- and PD-weighting, and more T1-weighting or PD-weighting typically 
depends on how to control TR and FA. However, when we use a very short RF pulse below ~100 μs, especially a sinc pulse that requires a higher 
peak B1 power than a square pulse for a given FA, the MT effect begins to be non-negligible and thus, needs to be taken into account. 
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Fig.1. The relative contrast ratio between WM and GM in
human brain images obtained with sinc (solid, circles) and
square (solid, triangles) pulses. Mean saturation rates(<W(Δ)>)
were also presented for sinc (dashed, circles) and square (dashed,
squares) pulses to evaluate the MT effect. 

Fig.2. Axial images of human brain obtained with a square pulse (a, b, c, d) and a sinc pulse (e, f, g, h), having a pulse duration of 50μs (a, e), 100μs (b, f), 150μs (c,
g), and 200μs (d, h), respectively. Contrast change, i.e., reduced T1 weighting, is clearly seen in (e), due to the MT effect. The small blue and red boxes in (a) show the
ROI regions used for calculating the relative contrast ratio of GM and WM in Fig. 1.  

Table. 1. Relative contrast ratio and mean saturation
ratio between WM and GM when using square and 
sinc pulses. 
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