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Abstract

Ultrashort echo time (UTE) sequences can image tissues with transverse To/To* relaxations too
short to be efficiently observed on routine clinical MRI sequences, such as the vertebral body
cartilaginous endplate (CEP). Here, we describe a 3D adiabatic inversion recovery-prepared fat-
saturated ultrashort echo time (3D IR-FS-UTE) sequence to highlight the CEP of vertebral bodies
in comparison to the intervertebral disc (IVD) and bone marrow fat (BF) at 3T. The IR-FS-UTE
sequence used a 3D UTE sequence combined with an adiabatic IR preparation pulse centered in
the middle of the water and fat peaks, while a fat saturation module was used to suppress the
signal from fat. A slab-selective half pulse was used for signal excitation, and a 3D center-out
cones trajectory was used for more efficient data sampling. The 3D IR-FS-UTE sequence was
applied to an ex vivo human spine sample, as well as the spines of six healthy volunteers and of
three patients with back pain. Bright continue lines representing signal from CEP were found in
healthy 1\VVDs. The measured contrast-to-noise ratio (CNR) was 18.5+4.9 between the CEP and
BF, and 20.3+4.15 between the CEP and 1D for the six volunteers. Abnormal 1VVDs showed
CEP discontinuity or irregularity in the sample and patients’ studies. In conclusion, the proposed
3D IR-FS-UTE sequence is feasible for imaging of the vertebral body’s CEP in vivo with high
contrast.
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Introduction

Low back pain is the most common cause of disability in all ages and both sexes (1),
presenting with high incidence and high recurrence rates (2). A multifactorial problem,

low back pain may be associated with degenerative disc disease, vertebral body fractures,
spondylolysis, spondylolisthesis, facet joint disorders, and instability (3). The cartilaginous
endplate (CEP), a thin layer of hyaline cartilage between the vertebral body and the
intervertebral disc (IVD), plays an important role in the transport of nutrients from blood
vessels to disc cells (4). It is also associated with the transmission of mechanical loading
between the 1'VD and the vertebral body, helping in the physiologic spine biomechanics (5).
As the body ages, CEP becomes thinner, followed by mineralization and ossification (6).
Atherosclerosis and narrowing of abdominal blood vessels contribute further to disturbances
in nutrient transport through the CEP, and consequently, to degenerative changes in the IVD
(7, 8). In addition, spine instability or vertebral body fractures that tend to affect the CEP
can disrupt normal spine biomechanics, further exacerbating IVD degeneration (9).

For qualitative evaluation of IVD degeneration, available imaging techniques currently
rely mostly on T1- and T,-weighted MRI sequences (10), which are not very efficient
in detecting the CEP due to its short transverse relaxation times (T,/T,*) and rapid
signal decay. Paravertebral muscles and bone marrow fat (BF) signal further complicate
independent evaluation of the CEP in conventional MRI, limiting the ability to better
understand the relationship between CEP abnormalities and 1VD degeneration. There is
clearly need for a better MRI sequence that individually detects the CEP with high
resolution and high contrast, and that can be used to clinically evaluate the involvement
of the CEP in IVD degeneration.

Ultrashort echo time (UTE) MRI sequences can overcome this limitation and are capable

of imaging tissues with short T5s (less than 1 ms) (11, 12). Different UTE techniques

exist including those which use dual-echo subtraction (13), and those which apply adiabatic
inversion pulses to suppress signals from tissues with long T, so as to highlight only the
short T», tissues (14, 15). Dual-echo subtraction sequences have a low contrast-to-noise ratio
(CNRs) between short T, tissues and BF (16, 17), due to the latter’s high proton density
and relatively short T,* (18). UTE sequences that use adiabatic inversion pulses can produce
higher contrast between tissues with short and long Tos (14, 15, 19, 20). Furthermore,

3D adiabatic inversion recovery (IR) prepared UTE sequences allow volumetric data
acquisition, which further reduces partial volume artifacts, making them potentially better
suited for the evaluation of the CEP, a thin layer of hyaline cartilage. To the best of

our knowledge, no IR-based 3D UTE sequences have been investigated for high contrast
volumetric imaging of the CEP.

In this study, we report a 3D adiabatic inversion recovery prepared fat-saturated ultrashort
echo time (3D IR-FS-UTE) MRI sequence to highlight the CEP region in relation to the IVD
and adjacent BF. We expect this 3D IR-FS-UTE sequence can image the CEP in vivo with
high resolution and high contrast.
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2. Methods

2.1 MR Acquisition and Contrast Mechanism

The institutional review board approved this study. The 3D IR-FS-UTE sequence was
implemented on a 3 T MR750 scanner (GE Healthcare Technologies, Milwaukee, WI,
USA). An eight-channel knee coil was used for both RF transmission and signal reception in
the ex vivo study, while a four-channel phased array spine coil was used for signal reception
in the in vivo study.

The 3D IR-FS-UTE acquisition method and the contrast mechanism to highlight CEP signal
are presented in Figure 1. The 3D IR-FS-UTE sequence uses an adiabatic inversion pulse
(hyperbolic secant type 1 design, duration = 8.64 ms, bandwidth = 1.15 kHz) to invert the
longitudinal magnetizations of 1VD tissues (Figure 1A). The inversion pulse is centered at
the frequency in the middle of the water and fat peak at 3T (i.e., =220 Hz) to robustly invert
both water and fat longitudinal magnetizations (less sensitive to the BO inhomogeneity).
With proper selection of the inversion recovery time (TI), IR-type sequences can achieve

a strong T contrast. As reported by Moon SM et al. (21), CEP has a much shorter T,
retaliation than both AF and NP. Thus, after an appropriately chosen Tl — adjusted to null
signals from long T tissues (for instance, NP) — the 3D UTE data acquisition starts to
selectively detect high signals from tissues with short T4, in this case, the CEP. The current
IR preparation cannot fully suppress the fat signals due to the much shorter T, relaxation

of fat (thus a shorter TI needed for signal nulling) in contrast to the other long T tissues
such as the NP. To further suppress the fat signals, a widely used FatSat module is used
before data acquisition to improve the contrast between CEP and fat. To speed up data
acquisition, a train of spokes is used after each IR-FS preparation. A slab selective half
pulse (Shinnar-Le Roux (SLR) design, duration = 1132 ps and bandwidth = 16 kHz) with
variable-rate selective excitation (VERSE) design is used for signal excitation in each UTE
acquisition spoke (Figure 1B) (22), and a 3D center-out cones trajectory (Figure 1C) is used
to reduce sampling time with a TE of 32 ps (23, 24).

2.2 Ex Vivo Study of Spines Samples

Two cadaveric spine samples were obtained from a 68-year-old female donor and a 61-year-
old male donor and scanned immediately after harvesting. The thoracolumbar junction was
chosen due to the high prevalence of vertebral body fractures and degenerative changes in
this region.

To investigate Tq variations among all the tissue components in the IVD, including the

CEP, NP and AF, T relaxations were measured first with the 3D UTE actual flip angle

and variable flip angle (UTE-AFI-VFA) method (25), followed by the clinical sequences T1-
weighted fast spin-echo (Tqw-FSE) (TR/TE = 815/6.7 ms) and Ty-weighted FSE (T,w-FSE)
(TR/TE = 3046/68.5 ms), as well as the proposed 3D IR-FS-UTE (TR/TI = 1200/600 ms)
sequence. Following MR scans, a micro-computed tomography (UCT) scan was performed
on samples to determine whether there were bone fractures that may have damaged the

CEP structure. Study images were compared to previously acquired in vivo CT images from
the same donor to assess any postmortem changes in the vertebral body bone morphology.

NMR Biomed. Author manuscript; available in PMC 2022 March 24.
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Detailed image parameters are listed in Table 1. The TI of the IR-FS-UTE sequence was
determined experimentally to get a high CEP contrast and an oversampling factor of 2 was
used to improve the image signal to noise ratio. Following MR and PCT imaging, the spine
sample was fixed and sliced for histology.

2.3 Histology

Full-width spine segments were initially fixed for 2 days in 3.7% formaldehyde at room
temperature, then manually sawed into 4 mm-wide sagittal sections containing target
regions before one day of additional fixation. Pieces were decalcified with 10% disodium
EDTA at pH7 at room temperature for 3 weeks, dehydrated, and embedded in paraffin.
Five-micron paraffin sections were stained for glycosaminoglycans (GAGs) with Safranin-O
and counterstained with Fast Green. Transmitted light images using a 2.5X objective were
taken using an Olympus AH-2 microscope.

2.4 In Vivo Spine Study in Healthy Volunteers and Patients with Back Pain

We performed T1w-FSE (TR/TE = 750/8.3 ms), To,w-FSE (TR/TE = 5126/102 ms), and
IR-FS-UTE (TR/TI = 1200/600 ms) MRI sequences on the cervical spine of one healthy
female volunteer, on the lumbar spines of five healthy volunteers (aged 28 to 39 years old,
three females, two males), and on the lumbar spines of three patients with low back pain
(aged 42 to 72 years old, three males). We also compared the MR images and previous

CT images from one of the symptomatic participants (72 years old male). Written informed
consent was obtained from the volunteers and patients before the imaging examinations.
Detailed imaging parameters are listed in Table 1.

2.5 Image Analysis

The non-linear fitting for IVD T4, measurement was performed in Matlab R2018b (The
MathWorks Inc., Natick, MA, USA) (23). All other imaging analyses were performed using
Radiant Dicom Viewer version 2020.2.3 (Medixant, Poznan, Poland). CNR between the
CEP and BF (CNR¢gp.gg) and between the CEP and IVDs (CNRcgp-jvp) Was calculated as
the mean differences in signal between those tissues divided by the background noise. The
regions of interest (ROIs) were drawn by one fellowship-trained musculoskeletal radiologist
with eight years of experience. The noise was calculated as the standard deviation (SD) of
the signal inside an ROI placed in an artifact-free background region. Mean and standard
deviation were calculated.

3. Results

The cadaveric spine sample study showed higher signal differences between the CEP, IVD
and AF with a higher FA. Figure 2 shows the T1 measurement results of an VD from a
cadaveric spine sample. When the flip angle is lower than 8°, all contrasts among CEP,

AF, and NP are low. The tissue contrast begins to improve when the flip angle is higher

than 10°. When the flip angle reaches 20° only minor improvements of contrast is observed
afterwards. The 3D UTE-AFI-VFA method showed a much lower T1 for the CEP, compared
to the AF and the NP.

NMR Biomed. Author manuscript; available in PMC 2022 March 24.
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As seen in Supplemental Figure 1, a high CEP contrast can be achieved by the 3D IR-FS-
UTE sequence with a wide range of Tls for a fixed TR. This demonstrates the robustness of
the proposed 3D IR-FS-UTE sequence (not sensitive to the TI selection) for high contrast
CEP imaging. Supplemental Table 1 summarizes the measured CNRs between CEP and NP
and between CEP and AF where it can be found that the best balance reached with TI was
around 600 ms. For TI = 600 ms, the CNR calculated between CEP and NP was 84.6+17.7,
and between CEP and AF was 79.6+5.7.

The cadaveric spine sample imaging study is an example that the CEP region cannot be
visualized on the clinical sequences due to its short T,/To* (Figure 3A and B) but is

clearly visualized on the 3D IR-FS-UTE sequence with high contrast in comparison to

the 1VD and vertebral body BF (Figure 3C and D). A compression fracture in L1 can be
seen in this specific specimen (Figure 4 A-G). The in vivo CT and the uCT helped to
confirm that the bright lines seen on the 3D IR-FS-UTE sequence are located adjacent to
the vertebral endplates, representing the CEP. A subtle CEP abnormality is seen only on

the 3D IR-FS-UTE sequence due to its high signal and high contrast with the surrounding
structures. The histologic study later detected a CEP fracture with NP herniation in the same
location (Figure 4E and G).

A healthy volunteer study (29-year-old female) showed the lumbar CEP which is invisible
on the clinical T{w- and To,w-FSE MRI sequences but highlighted on the 3D IR-FS-UTE
sequence (Figure 5). In addition, high contrast images of the longitudinal ligaments are
also obtained on the 3D IR-FS-UTE sequence (Figure 5C and D) because of the short T,
property of ligaments.

Figure 6 shows the high-resolution cervical spine images obtained with the proposed
sequence in a healthy volunteer (28-year-old female) where the CEP is highlighted even

in the small vertebral bodies, in contrast to the Tyw- and Tow-FSE MRI sequences where the
CEP cannot be seen.

One volunteer (38-year-old male) showed a small incipient Schmorl’s node on one of the
vertebral body’s endplate, with a preserved thin CEP within it, pointing out that early VD
degenerative changes may be better studied using the 3D IR-FS-UTE sequence (Figure 7A-
C).

The mean CNRs between the CEP and BF, and between the CEP and 1D for all six
volunteers were 18.5+4.9 and 20.3+4.15, respectively.

The in vivo study with symptomatic patients confirmed the capability of the 3D IR-FS-
UTE sequence to image the CEP and show spine abnormalities with distinct examples of
degenerative and traumatic changes such as acute Schmorl’s nodes (Figure 8A-C), bone
spurs, CEP thinning (Figure 8C), vertebral body compression fractures with broken CEP
(Figure 8D-G).

NMR Biomed. Author manuscript; available in PMC 2022 March 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lombardi et al. Page 6

4. Discussion

In this study, we showed the feasibility of a 3D IR-FS-UTE sequence to image the CEP
region in the spine with high contrast in two ex-vivo cadaveric samples, six healthy
volunteers and three patients with spine abnormalities. The lower T of the CEP (Figure

2) in comparison with those of the AF and NP allow for high contrast between those
structures when using the T1-weighted 3D IR-FS-UTE sequence. The FatSat module is
employed before data acquisition to improve the contrast between CEP and fat. The use of
multiple-spoke sampling after each IR-FS preparation allow for more time efficient MRI
acquisition, reducing the total scan time for clinical use (14). The 3D volumetric UTE data
acquisition is essential for robust evaluation of small structures like the CEP. Bright continue
line representing signal from the CEP were found in healthy I'VDs while abnormal 1VDs
showed CEP discontinuity or irregularity in the sample and patients’ studies.

Imaging of the CEP with conventional MRI sequences is complicated by its small
dimensions and relatively short To/T,* tissue properties, which makes it almost invisible
and indiscernible from the surrounding bone and soft tissues (26). UTE sequences can
image tissues with short T,/T,* in the order of a few hundred microseconds, enough to
highlight the CEP. Previous studies have used 2D UTE sequences based on dual-echo

(for short and long T tissues) and subtraction of the longer echo from the shorter echo
images (13, 27). However, as the CEP is a small structure surrounded by long T» tissues
there are signals remaining from those tissues, leading to reduced image contrast for the
CEP. Furthermore, eddy currents, off-resonance, and chemical shift artifacts are commonly
present and lead to image blurring, adding to the low CNR, and complicating its clinical use
(28). Other techniques such as utilizing the inversed contrast of the proton-density weighted
FSE sequence was used to highlight the dark CEP (29). The healthy CEP displayed as a
continuous white band while some abnormal CEPs show damage in the inversed contrast
images. However, this technique cannot detect the CEP signal itself but assumes the bright
signals in the signal inversed images are from CEP, which may be problematic in some
conditions, such as vertebral body endplate fractures. In contrast, the combination of an
adiabatic IR pulse and a FatSat module in our proposed 3D IR-FS-UTE sequence resulted
in a real signal detection of CEP with high resolution and high contrast. As demonstrated

in the T measurements using the UTE-AFI-VTR technique, the CEP, and the BF both have
relatively short T4s, which made it possible to highlight the CEP with a T,-weighted UTE
sequence, verifying the rationality of the proposed 3D IR-FS-UTE sequence to use an IR
preparation to create an effective Tq contrast. However, if only the adiabatic IR pulse is used,
there is a natural low contrast between the CEP and the BF, and the FatSat module adds
significant contrast as it suppresses the signal from BF.

The IR-FS-UTE sequence is a highly T1-weighted sequence which has the potential to
replace the currently available clinical T;w-FSE sequence. Compared with the T{w-FSE
sequence, IR-FS-UTE has the extra advantage of high CEP contrast. This in vivo study

of healthy volunteers and patients showed how the proposed sequence might improve the
accurate detection of early degenerative changes in the spine, including the evaluation of
abnormalities such as irregularities, thinning, and complete discontinuity in the CEP, their
presence or absence within Schmorl’s nodes and fracture sites, and associated VD changes

NMR Biomed. Author manuscript; available in PMC 2022 March 24.
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that cannot be routinely seen on Tyw- and Tow-FSE MRI sequences. It may also be useful to
distinguish early IVD degenerative changes, where the CEP is still present, from advanced
degenerative changes, where the CEP may be thinned or completely disrupted. Patients

with vertebral body fractures may also show dislocation of the CEP inside the fracture site,
indicating acute fracture in a previously healthy IVD.

The high CNR obtained with our 3D IR-FS-UTE sequence potentially allows for the
characterization of small CEP changes. Other potential applications are the evaluation of
subtle abnormalities in the longitudinal ligaments, facet joints, and intervertebral foramina.

Our study has limitations. First, the small sample size did not allow us to examine the
correlation between CEP abnormalities and 1D degenerative changes, although our initial
objective was to demonstrate the feasibility of the newly proposed 3D IR-FS-UTE MRI
sequence to image the CEP in the spine. Second, the commonly used FatSat module

only allows fat saturation up to a certain limit in multi-spoke IR-FS-UTE imaging. The
FatSat module reduces the fat suppression effectiveness when an increasing number of
spokes is used to accelerate the imaging acquisition, thus creating a compromise between
fat suppression and scan efficiency. This may be overcome by using a second adiabatic
inversion pulse centered in the fat spectrum frequency to suppress fat signal, which will be
studied in the future (15). Third, the FatSat module may potentially attenuate the CEP signal
due to the direct and indirect (magnetization transfer effect) saturation. Again, a better fat
suppression technique could be used to further improve the performance of CEP imaging
in future. Fourth, the image resolution of the current IR-FS-UTE sequence was relatively
low compared to the thickness of the CEP (i.e., approximately 0.6-1.0 mm), especially in
the slice direction. There could be strong partial volume effect when imaging the curved
regions. We expect to improve the imaging resolution without compromise of the scan time
using k-space under sampling and advanced reconstruction techniques, such as compressed
sensing and deep learning, in future studies (30, 31).

In conclusion, we demonstrated the feasibility of the proposed 3D IR-FS-UTE MRI
sequence in imaging the CEP of the spine with high contrast, as well as its potential in
diagnosing early IVD degenerative changes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1.

3[? IR-FS-UTE sequence diagram. The 3D IR-FS-UTE sequence employs an adiabatic IR
pulse to invert IVD tissues, such as the NP (A). When Tl is selected to suppress the NP, the
CEP expresses high signal due to its short Tq and fast M, recovery. A FatSat module is used
to further improve CEP contrast against BF. Multiple UTE spokes are sampled after each IR
preparation to speed up data acquisition. Each UTE employs a half slab selective pulse with
the VERSE design for signal excitation (B), followed by a Cones trajectory (C) to allow
time-efficient sampling with TE 32 ps.
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Fig 2.

Tlg measurement of the IVD from a spine sample (T9-T10, 61-year-old male donor). Panel
A, B and C are the representative UTE-VFA images with flip angles of 4°, 8° and 20°,
respectively. The generated T1 map can be found in panel D. The fitting curves and
corresponding T, values for the CEP (blue oval in panel C), AF (orange oval in panel C) and
NP (yellow oval in panel C) are 360+12 ms, 570+21 ms, and 870+28 ms, respectively (E).
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T,w-FSE T,w-FSE IR-FS-UTE

Fig 3.

Tow-FS (A), Tqw-FSE (B), and IR-FS-UTE (sagittal: C, coronal: D) images from a spine
sample (T11-L3, 68-year-old female donor). T10 and L4 were not shown due to the low
signal intensity (close to the coil boundary). Note the compression fracture in L1.
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Fig 4.

In?ages of T12-L2 from in vivo CT (A) obtained prior to the patient’s death as well as
postmortem ex vivo UCT (B), clinical sagittal Tow- and T;w-FSE (C and D), and 3D
IR-FS-UTE sequences (E). In addition to the compression fracture there is also a CEP
fracture in the superior endplate of L1 with herniation of the NP through the focal defect as
indicated on the IR-FS-UTE image (E) with a yellow arrow. This is further confirmed with
histology (F). For better comparison with the histology image (F), the corresponding fracture
region (yellow box) in IR-FS-UTE image (E) is zoomed in (G).
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T,w-FSE

Fig 5.

Sa%ittal Tow- and Tqw-FSE images (A and B), as well as sagittal and coronal 3D IR-FS-
UTE images (C and D) from a 29-year-old female asymptomatic volunteer (T11-L5). The
CEP is highlighted on both sagittal and coronal IR-FS-UTE images (arrows), while it is
invisible on clinical sequences.
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Fig 6.

Sa%ittal Tow- and Tyw-FSE images (A and B) as well as sagittal 3D IR-FS-UTE images
(C) from a 30-year-old female asymptomatic volunteer (C1-T6). The CEP is highlighted
on the 3D IR-FS-UTE images (arrows in C) but cannot be seen on clinical sequences (A
and B). Note also the anterior and posterior longitudinal ligaments highlighted on the 3D
IR-FS-UTE sequence (arrowheads).
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Fig 7.

Sa%ittal Tow- and Tyw-FSE images (A and B) as well as sagittal 3D IR-FS-UTE images (C)
from a 38-year-old male volunteer (T11-L5). The CEP is highlighted on the 3D IR-FS-UTE
images (arrows in C) but cannot be seen on clinical sequences (A and B). Note the small

and incipient Schmorl’s node in the superior endplate of L2, with preserved CEP, that is only
observed on the 3D IR-FS-UTE (arrows in A, B and C).
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Fig 8.

Sa%ittal Tow- and Tyw-FSE images (A and B) as well as sagittal 3D IR-FS-UTE images
(C) from a 42-year-old male patient with low back pain (T12-S1). Schmorl’s nodes and
bone marrow edema are present in the L2 inferior endplate and L3 superior endplate
(white arrows in A-C). Note the interruption in the CEP within the Schmorl nodes, only
observed on the 3D IR-FS-UTE sequence (C). A posterior 1\VD bulge is seen between L1
and L2 (black arrowhead in A and white arrowheads in B and C); however, the posterior
longitudinal ligament and a bone spur are also seen on the 3D IR-FS-UTE sequence (white
arrowhead in C) and better highlighted compared to the Tow-FS and T;w-FSE sequences.
Also note the disappearance of the CEP bright line from the vertebral endplates in L1-L2
(white asterisks in C), associated with 1VVD height loss and indicating advanced degenerative
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changes. Sagittal reconstructed in vivo CT image (D), sagittal Tow- and T1w-FSE images
(E and F) as well as sagittal 3D IR-FS-UTE images (G) from a 72-year-old male patient
with low back pain (T10-S1). CT images show T12 and L3 upper endplate fractures and

a small lower endplate fracture in T11 (white arrowheads and arrows, respectively in D).
The corresponding clinical Tow- and Tqw-FSE sequences (E and F) show areas of bone
marrow edema especially in L2 and L3 (asterisks in E and F). The CEP can only be seen on
the 3D IR-FS-UTE sequence (G) and it is discontinuous or broken in the areas of fracture
(arrowheads and arrows in G).
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Table 1

Sequence parameters for both ex vivo and in vivo spine studies.
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3D UTE-AFI-VTR

Clinical 2D T,w-FSE

Clinical 2D T w-FSE

3D IR-FS-UTE

FOV = 12x12x7.2 cm3,
Matrix = 300x300x36,
BW =125 kHz, AFI: (TRy/TR, =

FOV =24 x 24 cm?,
Matrix = 384 x 256,
slice thickness = 3 mm

FOV =24 x 24 cm?,
Matrix = 384 x 256,
slice thickness =3 mm

FOV = 24x24x6.24 cm3,
Matrix = 320x320x52,
TR/TI =1200/600 ms, TE =

inE\i(o 20/100 ms, FA = 45°), VTR (TR TR =3046 ms, TE = 68.5 TR=2815ms, TE=6.7ms, 0.032 ms, FA =10°, Ny, = 15,
=20 ms, FA =4°,6°, 8°,12°, ms, number of slices = 18, number of slices = 18, BW £=5.2 ms, BW = 250 kHz,
16°, 20°, 25° and 30°), scan time BW = 62.5 kHz, scan time =62.5 kHz, scan time = 2 oversampling factor = 2, scan
=1h 10 min =3 min 10 sec min 40 sec time = 1 hour 22 min
Clinical 2D T,w-FSE Clinical 2D T,w-FSE 3D IR-FSUTE
FOV =34 x 34 cm?, FOV =34 x 34 cm?, _ 3
Matrix = 360 x 270, Matrix = 360 x 270, P o e o
In slice thickness = 3.5 mm slice thickness = 3.5 mm TRITI = 1208/600_ms TE=0 03’2 ms. FA =
vivo | TR =5126 ms, TE = 102 ms, number of TR = 750 ms, TE = 8.3 ms, number of N o i

slices = 14, BW = 70.3 kHz, scan time =
2 min 15 sec

slices = 14, BW = 70.3 kHz, scan time =
1 min 40 sec

10°, Ng, = 17, £=5.2 ms, BW = 125 kHz,
scan time = 9 min 52 sec

FOV: field-of-view; TR: repetition time; TI: time of inversion recovery; TE: echo time; FA: flip angle; Nsp: number of spokes per TR; t: time
between spokes; FA: flip angle; BW: bandwidth IR: inversion recovery; FS: fat saturation.

The slice number of the IR-FS-UTE sequence is adjustable according to the 1VD width in the left- right direction.
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