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Introduction: MRI pulse se-
quences with radial trajectories in
k space have been successfully
used for diffusion-weighted imag-
ing; these sequences are generally
less motion sensitive than conven-
tional ones [1–3]. The diffusion-
sensitizing gradients can be applied
either in a fixed direction or ro-
tating, e. g., always orthogonal to
the readout gradient. The latter al-
ternative has advantages for self-
navigating motion correction algo-
rithms as described in [3]. How-
ever, the resulting images become
more difficult to interpret in the
presence of anisotropic diffusion,
because different effective diffusion
weightings will be applied in differ-
ent regions of the k space. The pur-
pose of this study was to simulate
the acquisition with rotating diffu-
sion gradients for a range of differ-
ent diffusion anisotropies, in order
to learn about potential artifacts due
to this method.

Methods: We simulated MR ac-
quisitions with radial k space tra-
jectories using the Matlab software
(The MathWork, Inc.). We calcu-
lated the Fourier transform of an
artificial phantom image, then ra-
dially sampled data of this Fourier
transform, and regridded these data
into a Cartesian grid (averaging
oversampled data in the center of
k space). Finally, the regridded
raw data was Fourier transformed
back to image space. This pro-
cedure was performed with rotat-
ing diffusion gradients and vary-
ing degrees of diffusion anisotropy
with relative anisotropies between 0
and
√

2. The corresponding two-
dimensional diffusion tensor was

D =
(

1/(1+a) 0
0 a/(1+a)

)
with a ranging from 0 (complete
anisotropy, diffusion only in left–
right direction) to 1 (complete
isotropic diffusion) in 11 steps. The
diffusion attenuation is calculated
as

A = exp
(
− tr(b(φ)D)

)
with the b matrix depending on the
radial angle φ :

b(φ) =
(

sin2
φ −sinφ cosφ

−sinφ cosφ cos2 φ

)
.

The effect of varying attenuation in
different regions of the k space (dif-
ferent radial angle φ ) is illustrated
in Figure 1.

Parameter maps (ADC maps) of the
diffusion coefficients were calcu-
lated and compared.

Results: Figure 2 shows diffu-
sion-weighted images (left column)
and ADC maps (right column) with
relative diffusion anisotropies of
0.707, 0.303, and 0 (from top to
bottom). In the case of strongly
anisotropic diffusion, the signal at-
tenuation appears more inhomoge-
neous, especially at the edges of
the geometric shapes. The attenu-
ation depends also on the geometric
orientation of the image elements:
vertical shapes appear brighter than
horizontal shapes in the diffusion-
weighted image. Consequently, the
corresponding ADCs of the vertical
shapes appear lower than of the hor-
izontal shapes. Figure 3 shows the
signal intensity in the vertical and
horizontal bar as a function of the
relative anisotropy.

Discussion: The shown results
demonstrate that diffusion attenua-
tion by rotating diffusion gradients
depends on the geometric shape of
the imaged objects. Vertical shapes
and especially their edges corre-
spond to areas of the k space left
and right of the center. The read-
out of these areas is performed with
vertical diffusion weighting that is
orthogonal to the selected diffusion
direction in this simulation (left–
right). Thus, these shapes ap-
pear hyperintense in the diffusion-
weighted images.

The observed variation of sig-
nal intensity is not caused by differ-
ent diffusion directions as observed
e. g. in brain imaging with non-
isotropic diffusion weightings. In
this study, the diffusion direction is
always left–right with varying de-
grees of anisotropy.

Our results indicate that arti-
facts may be caused by rotating
diffusion gradients in tissues with
anisotropic diffusion and specific
geometric shapes (especially in the
presence of sharp edges). In this
case, diffusion gradients with fixed
direction might be preferable.
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Figure 1: Illustration of effect of rotating diffusion gradients (left hand
side: isotropic diffusion, right hand side: anisotropic diffusion in hor-
izontal direction; maximum attenuation with readout gradient in verti-
cal direction and, thus, diffusion gradient in horizontal direction).
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Figure 2: Diffusion-weighted images (left column) and ADC maps
(right column) with relative anisotropy of 0.707, 0.303, and 0 and con-
stant mean diffusivity of 0.5.
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Figure 3: Signal intensities in vertical (blue ◦) and horizontal (red ×)
bar in diffusion-weighted images.


