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Objective: Contrast-enhanced fat-suppressed T1 weighted

(T1W) two-dimensional (2D) turbo spin echo (TSE) and

magnetization-prepared gradient echo (MPRAGE) sequen-

ces with water excitation are routinely obtained to evaluate

orbit pathology. However, these sequences can be marred

by artefacts. The radial-volume-interpolated breath-hold

examination (VIBE) sequence is a motion-robust fat-

suppressed T1W sequence which has demonstrated value

in paediatric and body imaging. The purpose of our study

was to evaluate its role in assessing the orbit and to

compare it with routinely acquired sequences.

Methods: A Health Insurance Portability and Accountabil-

ity Act-compliant and institutional review board-approved

retrospective study was performed in 46 patients (age

range: 1–81 years) who underwent orbit studies on a 1.5-T

MRI system using contrast-enhanced Radial-VIBE,

MPRAGE and 2D TSE sequences. Two radiologists blinded

to the sequence analysed evaluated multiple parameters

of image quality including motion artefact, degree of fat

suppression, clarity of choroidal enhancement, intra-

orbital vessels, extraocular muscles, optic nerves, brain

parenchyma and evaluation of pathology. Each para-

meter was assessed on a 5-point scale, with a higher

score indicating the more optimal examination. Mix

model analysis of variance and interobserver variability

were assessed.

Results: Radial-VIBE demonstrated superior quality

(p,0.001) for all orbit parameters when compared with

MPRAGE and 2D TSE. Interobserver agreement demon-

strated average fair-to-good agreement for degree of

motion artefact (0.745), fat suppression (0.678), clarity of

choroidal enhancement (0.688), vessels (0.655), extra-

ocular muscles (0.675), optic nerves (0.518), brain

parenchyma (0.710) and evaluation of pathology (0.590).

Conclusion: Radial-VIBE sequence demonstrates supe-

rior image quality when evaluating the orbits as com-

pared with conventional MPRAGE and 2D TSE sequences.

Advances in knowledge: Radial-VIBE employs unique

non-Cartesian k-space sampling in a radial or spoke-

wheel fashion which provides superior image quality

improving diagnostic capability in the evaluation of

the orbits.

INTRODUCTION
Traditionally, contrast-enhanced T1 weighted (T1W) fat-
suppressed two-dimensional (2D) turbo spin echo (TSE)
sequence and three-dimensional (3D) magnetization-
prepared gradient echo (MPRAGE) sequence with water
excitation (WE) are used to evaluate the orbits. However,
they are susceptible to eyelid or globe motion-related
artefacts and inhomogeneous fat saturation.1,2

In both these sequences, k-space sampling is performed
using a conventional Cartesian scheme, also known as

phase-encoding scheme, which acquires the data in a row-
by-row fashion (Figure 1a). Radial-volume-interpolated
breath-hold examination (VIBE) is a T1W radial 3D gra-
dient echo sequence which uses a non-Cartesian approach
by sampling k-space in a radial, spoke-wheel fashion in the
X–Y plane (Figure 1b) and with normal Cartesian sampling
in the Z-dimension, which results in a “stack-of-stars”
trajectory in k-space3,4 (Figure 2). This unique k-space
sampling scheme provides significant reduction in motion
artefact. In addition, Radial-VIBE achieves a homogeneous
degree of fat suppression. These factors have seen Radial-VIBE
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being routinely used in body and paediatric imaging.5–7

However, evaluation of the orbit using Radial-VIBE has not
been studied. The purpose of our study was to determine the
role of contrast-enhanced Radial-VIBE in assessing the orbits
and compare it with currently accepted clinical standard of
care, including contrast-enhanced T1W MPRAGE WE and fat-
suppressed 2D TSE images.

Figure 1. A schematic representation of conventional Cartesian

row-by-row k-space sampling (a) and radial or spoke-wheel

sampling (b) used in radial-volume-interpolated breath-hold

examination (Radial-VIBE).

Figure 2. In radial-volume-interpolated breath-hold examina-

tion (Radial-VIBE), spoke-wheel k-space sampling occurs in

the X–Y plane with traditional Cartesian sampling in the Z-

dimension resulting in a “stack-of-stars” trajectory.
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METHODS AND MATERIALS
A Health Insurance Portability and Accountability Act-
compliant retrospective study was performed after approval of
the institutional review board. The study included 46 patients
(age range: 1–81 years) who underwent clinically indicated
contrast-enhanced MRI of the orbits on a 1.5-T system
(MAGNETOM® Avanto; Siemens Healthcare, Erlangen, Ger-
many) using a 12-channel head coil. In addition to the standard
non-contrast sequences, the patients were evaluated with Radial-
VIBE as well as conventional T1W MPRAGE WE and fat-
suppressed 2D TSE sequences. Radial-VIBE was performed after
the administration of 0.01mmol kg21 of gadolinium-based
contrast at 3ml s21, followed by the conventional sequences.
The following imaging parameters were used for Radial-VIBE:
spatial resolution 0.83 0.83 0.8mm, field of view (FOV)
250mm2, 96 slices, repetition time (TR) 4.57ms, echo time (TE)
2.06ms, flip angle 12°, matrix 2883 288, 800 radial spokes,
bandwidth (BW) 400Hz per pixel, acquisition time 4 : 43min.
The MPRAGE WE sequence was obtained with the following
imaging parameters: spatial resolution 1.03 1.03 1.0mm, FOV
250mm2, 160 slices (to include entire brain parenchyma as per
the standard protocol), TR 2150ms, TE 5.57ms, flip angle 15°,
matrix 2563 187, BW 349Hz per pixel, acquisition time 4 :
01min. Of note, reducing the number of slices would not lead
to shorter acquisition time, which is constrained by the needed
magnetization-preparation delay for the MPRAGE sequence.
Fat-saturated T1W 2D TSE sequence was obtained in the axial
plane with the following imaging parameters: spatial resolution
0.633 0.633 4.0mm, FOV 250mm2, 20 slices, TR 444ms, TE
13ms, flip angle 90°/180°, matrix 2563 192, BW 161Hz per
pixel, acquisition time 4 : 27min (axial). The clinical protocol
also included a 2D TSE scan in coronal orientation with an
acquisition time of 3 : 49min.T
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Figure 3. Each k-space line in radial-volume-interpolated

breath-hold examination (Radial-VIBE) is acquired with a dif-

ferent readout direction.
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Imaging evaluation
Two neuroradiologists, GMF with 15 years’ experience and ER
with 5 years’ experience, independently evaluated the studies.
Both readers were blinded to the sequences analysed. Image
quality was assessed by evaluating the degree of motion artefact,
quality of fat suppression, clarity of choroidal enhancement,
vessels, extraocular muscles, optic nerve, brain parenchyma and
conspicuity of pathology. Each parameter was graded on a five-
point scale: 5 excellent, 4 good, 3 acceptable, 2 poor and 1
unacceptable.

Statistical analysis
Statistical analysis was performed using SPSS® (released 2012,
IBM SPSS Statistics for Windows, v. 21.0; IBM Corporation,
Armonk, NY). The data are expressed as mean values with 6
standard deviation. Kruskal–Wallis test was used to compare the
result of axial Radial-VIBE, axial MPRAGE WE and axial T1 fat-
saturated sequences. A Mann–Whitney U test was performed to
compare the grading of the contrast-enhanced coronal recon-
structed Radial-VIBE with that of conventional fat-suppressed
coronal T1W sequence. Using Cohen’s kappa analysis, an in-
terobserver agreement assessment was also performed.

RESULTS
The individual reader grades for each parameter are listed in
Table 1. The average grades and interobserver variability are

shown in Table 2. The grades assessed for each individual pa-
rameter, including motion artefact, degree of fat suppression,
clarity of choroidal enhancement, vessels, extraocular muscles,
optic nerve and conspicuity of pathology, were significantly
higher (p, 0.001) for all the parameters of the axial Radial-
VIBE sequence than for MPRAGE WE and fat-suppressed 2D
TSE. Evaluation of brain parenchyma was slightly better on the
MPRAGE WE sequence than on the Radial-VIBE. The in-
terobserver agreement in the qualitative evaluation using
a Cohen’s kappa analysis demonstrated average fair-to-good
agreement for the following variables: motion artefact (0.745),
degree of fat suppression (0.678), clarity of choroidal enhance-
ment (0.688), vessels (0.655), extraocular muscles (0.675), optic
nerve (0.518), brain parenchyma (0.710) and conspicuity of
pathology (0.590).

DISCUSSION
This study demonstrates superior image quality of Radial-VIBE
in comparison with traditional 3D MPRAGE WE and fat-
suppressed 2D TSE sequences in terms of motion robustness, fat
suppression, anatomic clarity and conspicuity of orbit pathology.

Motion artefacts have always been a limitation in MRI owing to
the pronounced sensitivity of conventional “phase-encoded”
sequences. In MRI sequences that employ conventional Carte-
sian k-space sampling, motion effects such as patient movement
or blood flow lead to phase offsets of the signal as a result of the
Fourier shift property and disturb the constant phase difference

Figure 5. (a) Axial and (b) coronal radial-volume-interpolated

breath-hold examination (Radial-VIBE) with contrast dem-

onstrate sharper delineation of intraorbital meningioma in

comparison with conventional sequences. (c) Axial three-

dimensional magnetization-prepared gradient echo with

contrast and (d) contrast-enhanced coronal T1 turbo spin

echo with fat suppression.

Figure 4. (a) Radial-volume-interpolated breath-hold exam-

ination (Radial-VIBE), (b) three-dimensional magnetization-

prepared gradient echo and (c) T1 turbo spin echo with fat

suppression MRI sequences with contrast demonstrate superior

image quality of Radial-VIBE in terms of motion, clarity of the

optic nerve, choroidal enhancement, clarity of the extraocular

muscles, fat suppression and clarity of intraorbital vessels.
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between sampled k-space rows. This can be interpreted as dis-
placing individual lines along the phase-encoding direction, which
results in the appearance of dominant aliasing effects, known as
“ghosting” artefacts. Recently, MRI techniques known as PRO-
PELLER or BLADE have been introduced to address the motion-
artefact problem, which acquire k-space data using “blades”
consisting of multiple parallel lines that are rotated in k-space in
a radial-type scheme.8–11 These techniques have demonstrated the
substantial improvement in image quality for T2 weighted 2D TSE
acquisitions as well as diffusion-weighted imaging sequences.
However, the significant overlap of the blades in k-space leads to
inefficient k-space acquisition and, thus, to long acquisition times,
which make it impractical to use these sequences for many clinical
applications. Radial-VIBE uses a similar concept, but here, only
a single line is rotated in k-space instead of a wide blade, leading to
higher scan efficiency and making the sequence competitive to
other T1W sequences. Because a phase-encoding direction does not
exist in the radial sampling scheme, and each k-space line is ac-
quired with a different readout direction, as illustrated in Figure 3,
motion-induced phase distortions cannot lead to appearance of
aliasing effects. Furthermore, the overlap of the radial spokes in the
k-space centre has a time-averaging effect that additionally reduces
the sensitivity to motion. While Radial-VIBE examinations are
generally free of ghosting artefacts, motion can still translate into
radially oriented streaks or mild blurring.6 However, in our study,
we encountered minimal if any noticeable such streak artefact or
blurring, without appreciable image-quality degradation.

Inadvertent globe or eyelid motion often degrades the quality of
conventional 3D MPRAGE WE and fat-suppressed 2D TSE
examinations, which limits the evaluation of orbit and its ana-
tomic contents. Furthermore, the relatively abundant amount of

retrobulbar fat is not always homogenously suppressed on
conventional fat-saturated sequences. Involuntary motion and
inadequate fat suppression remain the primary two limitations
when evaluating the orbit. Our study clearly demonstrates that
Radial-VIBE, owing to its more uniform fat suppression and
advantageous k-space sampling, provides adequate motion ro-
bustness and allows for a more optimal evaluation of orbital
contents, such as the sclera, extraocular muscles, optic nerves,
vessels and underlying intraorbital pathology (Figure 4).

Moreover, improved in-plane resolution is achieved with the
Radial-VIBE sequence (0.83 0.8mm) in comparison with the
3D MPRAGE WE protocol (1.03 1.0mm). The 2D TSE pro-
tocol has superior in-plane resolution (0.633 0.63mm) but uses
a large slice thickness of 4mm, which makes it impossible to
reconstruct these images in different orientations and, thus,
requires separate acquisitions for each orientation. Because
Radial-VIBE data are acquired in an isotropic manner at 0.8mm
spatial resolution, multiplanar reconstructions (MPR) can be
created without compromise in image quality.

The abovementioned improved image qualities provide for su-
perior depiction and characterization of lesions in the orbits.
Representative illustrations include intraorbital meningioma
(Figure 5) and optic neuritis (Figure 6). In each of these cases,
Radial-VIBE demonstrates artefact-free and a more crisp de-
piction of intraorbital pathology.

The acquisition time for the Radial-VIBE protocol (4 : 43min) is
slightly longer than that of the MPRAGE WE (4 : 01min) and
fat-suppressed 2D TSE (4 : 27min) protocols. However, due to the
MPR capability of the Radial-VIBE sequence, a single acquisition

Figure 6. Post-contrast (a) axial and (b) coronal radial-volume-interpolated breath-hold examination (Radial-VIBE) images

demonstrate relatively sharply defined segmental enhancement (double headed arrow) of the intraorbital portion of the right optic

nerve (arrow) consistent with suspected optic neuritis. In comparison, (c) post-contrast axial three-dimensional magnetization-

prepared gradient echowith water excitation and (d) post-contrast coronal two-dimensional T1 turbo spin echowith fat suppression

images demonstrate subtle asymmetric enhancement of the right optic nerve.
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is sufficient for evaluating the orbits in different orientations,
which results in overall shorter examination time.

In conclusion, our study has demonstrated superior image
quality of Radial-VIBE in comparison with conventional MPRAGE

and 2D TSE sequences and should be used routinely as part of
standard orbit MRI protocol.
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