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MRI is a noninvasive imag-
ing modality that provides excel-
lent soft-tissue contrast and high
resolution of anatomic detail in
the body structures without ionizing
radiation."” Despite these advan-
tages, conventional MRI sequen-
ces are not as successful as
CT in depicting the bone cortex
and calcified structures owing to
these structures’ low proton density
(approximately 20% water) and short
T2 relaxation times (approximately
390milliseconds at 3 T MRI).?

CT is more successful in imaging
bone structures and calcifications,
owing to the modality’s high
spatial resolution, fast acquisition,
and high availability. However,
poor soft-tissue resolution and
radiation exposure are the major
disadvantages of CT.*®

Therefore, MRI may be a more
ideal modality if better cortical
bone and calcific structure image
quality are provided. This is possible
with the zero-echo-time (ZTE) MRI
sequence, a new technique that uses
ultra-fast readouts to capture signals
from short-T2 tissues and aims to
capture cortical bone and calcific
structure images without ionizing
radiation. This sequence provides
“CT-like” images with the additional
benefits of fast scan time, silent
scanning, and artifact resistance.*"

Imaging Technique of the ZTE
Sequence

The basis of the ZTE sequence is to
focus on very short T2 time tissues
and structures considered invisible
on MRI. The bone cortex and
calcified structures have low proton
density and short T2 relaxation
times.’ Therefore, the appearance
of these structures results in
signal voids on conventional
MRI sequences.

The ZTE sequence is based on
nonselective volume excitation and
3D radial center-out k-space
encoding. Gradients are used
continuously, and progressively
reorienting in the x, y, and z axes
between repetitions. Thus, the data
are sampled along purely frequency-
encoded center-out 3D radial
trajectories in k-space
(Figure 1).'"*

The acquisition of the free
induction decay signal occurs
immediately after excitation. The
fast radiofrequency (RF) switch
from transmit to receive enables
acquisition of the quickly decaying
signal starting at near-zero-echo
time. The principle of capturing the
small amount of signal found in
cortical bone and calcific structures
is based on this MRI physics.

In contrast to conventional pulse
sequences, ZTE utilizes a readout
gradient amplitude that is kept
consistent throughout scanning
with small directional changes
between repetitions. This method
outputs unique properties regarding
silent scanning and nominal zero
echo time."”

In ZTE, the RF excitation is
entangled with the image encoding
readout gradient. The RF block
pulses are able to achieve consistent
excitation because the RF excitation
bandwidth covers the full RF
imaging bandwidth, regardless of
the readout gradient. As a result,
the RF pulse width must be shorter
than the RF sampling period, thereby
limiting the maximum possible flip
angle. If the RF pulse width is
longer than the RF sampling period,
the readout gradient may cause
sinc-shape modulation of the RF
excitation profile along the readout
direction. Owing to the changing
readout direction throughout the
sequence, this would cause blurring
that scales with increasing distance
from the center of the imaging field
of view (FOV).?

Chemical shiftartifactslead
toimage blurring and signal
interference at fat-water interfaces,
thus degrading the clarity of cortical
bone depiction. To prevent this
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Figure 1. Illustration of zero-echo-time sequence. Gradients (G) are ramped up before the initial radiofrequency (RF) pulse. Gradients are continuously
on with modulations prior to individual RF excitations and switched off at the end of the sequence. As a result of the dead-time (At) following the RF
(while the signal cannot be acquired), there is a spherical gap at the center of the k-space, resulting in the missed data points.
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degradation, a pixel bandwidth larger
thanthe oil-water chemical shift (i.e.,
3.5ppm)should be used.”

Robust coil bias correction along
with grayscale inversion may assist
in differentiating cortical bone
from other short-T2, collagen-rich
structures (the joint capsule, labra,
or menisci) by producing CT-like
images. Another advantage of the
ZTE is that it allows the use
of intensity projection to produce
CT-like images and multiplanar
and radial reformatting as in CT.
The spatial resolution of ZTE is
lower than that of CT. Today,
the spatial resolution of ZTE is
0.8-1.2 cm, while the current
highest value of CT is 0.625 mm.
Despite the low spatial resolution
of ZTE, CT-like images may be
obtained by grayscale inversion
automatically or with a single
click via the picture archiving and
communication system.”"

Ultimately, several factors playa
rolein determining the usability of
ZTEimages for clinical purposes. Of
these factors, receiver bandwidth (50
kHzat1.5Tand 62.50r83.33kHz
at3T), flipangle (1°or2°),and FOV
(180x180 mm through 420 x 420 mm)
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are particularly important.”* Knowing
alltheseimaging features allows for
better-quality imagesto be obtained.

Clinical Feasibility of the ZTE
Sequence

Musculoskeletal Imaging

Computed tomography and
radiography are often used
to evaluate bone and calcific
structures, while MRI is typically
used to evaluate soft tissues
such as muscles and tendons
(Figure 2). Radiography or CT is
used when conventional MRI is
unable to distinguish pathology
from bone and soft tissue. In
addition, diagnosis may be difficult
in cases where the patient has not
had previous CT or radiography
(Figure 3).

MRI, which includes the ZTE
sequence, provides great benefit
in terms of clinical use as
it displays bone tissue and
calcifications along with soft
tissues (Figure 4).>® With this
method, many pathologies such as
rheumatoid arthritis, osteoarthritis,
spondylolysis, spondylolisthesis,

fracture, joint dislocation, and
metastases can be diagnosed with
MRI instead of CT.'”' Moreover,
MRI with the ZTE sequence is
especially useful in cases where
radiation should be avoided, such as
in children, pregnant women, and

patients with cancer.'”"®

Head and Neck Imaging

Despitetheincreasing use of
ZTEin musculoskeletaland body
imaging, neuroimaging applications
have beenlimited by the complexity
ofthehead and neckanatomyand
pathology.””* Therefore, using the
ZTEsequenceinthe head and neck
isgenerallylimited to acute trauma,
pediatric patients, pregnant patients,
metastasis screening, craniofacial
malformations, and patients with
genetic disorders who should notbe
exposedtoradiation (Figure 5)."

Apartfromthese exceptions, there
are examplesintheliterature that
use MR angiography (MRA) with
theZTE sequence.ZTEimaging can
beusedin conjunction with an
arterial spin labeling preparation
moduletoachieve higher contrast
during MRA.* ZTE-MRA may reduce
artifactsaround areas of magnetic
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Figure 2. Sagittal plane x-ray image (A), zero-echo-time (ZTE)-grayscale inversion (B), T2 (C), and ZTE (D) MRI images from a normal
left ankle. In ZTE-MRI, cortical bone structures are better demarcated and evaluated to the T2 sequence and are more like radiography.

Figure 3. Coronal plane T1 (A), zero-echo-time (ZTE)-grayscale inversion (B), and ZTE (C) MR images from the normal bilateral hip joints. In
ZTE, the joint structure, acetabular roof, and cortical bone structures are evaluated more clearly compared with conventional MRI sequences.
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Figure 4. Coronal plane T1 (A) and axial plane proton density (B) images demonstrate a thickness in the supraspinatus tendon at the level of its
attachment to the humerus (arrows). Zero-echo-time-grayscale inversion (C) MR image clearly shows calcifications within the thickened tendon
(arrowhead).

Figure 5. Axial (A) and coronal plane T1 (D) MR images show a low-signal lesion adjacent to the left mandible ramus (arrows). Axial (B) and coronal
plane (E) zero-echo-time (ZTE)-grayscale inversion images show that the lesion originates from the ramus of the mandible. Axial (C) and coronal plane
CT (F) images show similar features to the ZTE images and clearly show that the mass originates from the mandibular ramus. The lesion was diagnosed
as an osteoma.
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susceptibility gradients, whichis
important forimaging around stents
and coils. Several studies have
demonstrated improved vessel
visualization around stents and coils
with ZTE-MRA compared with
conventional gradient echo-based
TOF-MRA.*%
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Pediatric Imaging

Becauseitcanimagebone
and soft-tissue pathologies without
ionizing radiation, ZTE-MRIis
expected toincrease in popularity
in pediatricimaging (Figure6).
Indeed, itisbeginningtobeusedin

some centerstoimage for suspected
pathologiessuch asrenal stones,
ureteral stones, and bladder stones.*®

Lung Imaging

Although high-resolution CTis
primarilyused for lungimaging, MRI
with theZTE sequenceisbeingused
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Figure 6. A 1-year-old with left-leg swelling. x-ray (A) shows a periosteal

reaction at the lower end of the femur (arrows). However, no bone lesion
could be distinguished on x-ray. Zero-echo-time-grayscale inversion
(B) MR images clearly demonstrate a lytic bone lesion (arrowhead).

The lesion was diagnosed as osteomyelitis.

insome centersasaradiation-free
imaging method to diagnose and
manage cystic fibrosis (Figure 7). MRI
hasthe unique ability to distinguish
scartissue from active inflammation,
making it particularly useful in this
condition.”

Conclusion

TheZTEMRIsequenceisa
new technique thatusesultra-fast
readoutsto capture signals from
short-T2tissuestoimage cortical
bone and calcific structures without
ionizingradiation. This presents
significantadvantagesover CTin
pediatric patients, pregnant persons,
and metastasis screening. Italso
represents asignificantalternative
to CT owingtoitsrapid screening
speed, silentscanning, and artifact
resistance. All-in-one MRI, including
“CT-likeimages,” appears poised to be
used increasingly more oftenin the
near future.
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