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Three-Dimensional Gradient-
Recalled MR Imaging as a
Screening Tool for the Diagnosis
of Cervical Radiculopathy

The purpose of the study was to implement and assess a fast-screening, three-
dimensional Fourier transformation (3DFT) MR sequence for the cervical spine. This
sequence maintains adequate signal-to-noise and image contrast similar to gradient-
recalled echo two-dimensional Fourier transformation (2DFT) imaging. Thirty patients
with radiculopathy were examined with 3DFT gradient-recalled echo imaging. The data
set consisted of 60 contiguous 1.5- to 2.0-mm-thick axial slices with a total coverage of
9 to 12 cm. In 10 patients, comparison was made with 4-mm-thick axial T1-weighted
spin-echo 2DFT or gradient-recalled echo 2DFT studies. With the use of a volume
acquisition, adequate signal-to-noise and image contrast similar to T2*-weighted gra-
dient-recalled echo 2DFT acquisitions were obtainable. Coverage was improved despite
the use of thinner sections without interslice gap. Thin-section 3DFT provided superior
detail of acquired foraminal and spinal canal stenosis and disk morphology. Limitations
included increased sensitivity to patient motion and “wraparound” artifact in the slice-
select direction.

Overall, diagnostic confidence was improved with 3DFT owing to the reduction of
partial volume artifact. We have adopted this technique as the primary screening method
for diagnosing cervical radiculopathy.

AJNR 10:1263-1271, November/December 1989; AJR 154: February 1990

MR imaging with surface coils is currently the preferred method for evaluating
degenerative cervical spine disease. In prospective and retrospective studies, both
short and long TR spin-echo images of the cervical spine have shown a high degree
of correlation compared with myelography, CT, CT myelography, and surgical
findings [1, 2]. However, several disadvantages have retarded the use of MR as a
screening method for degenerative disease of the cervical spine. These include the
inability to obtain sections less than 3- to 5-mm thick, resulting in partial volume
averaging and suboptimal differentiation between osteophytes and disk matenial.
Herniated disks extending into the obliquely oriented lateral root canals are not as
reliably identified as on intrathecal contrast CT with 1.5-mm-thick sections [1].
Inadequate image contrast between bone and soft tissue may diminish MR speci-
ficity [2]. Motion artifact associated with prolonged acquisition times may prevent
diagnostic utility.

With the development of short TR, gradient-recalled echo (GRE) techniques,
cervical spine images with enhanced CSF signal intensity can be obtained rapidly
[3-6]. An overall improvement in depicting degenerative disease of the cervical
spine including disk herniation, osteophytes, foraminal stenosis, and narrowing of
the subarachnoid space has been noted [7]. A recent study correlated spin-echo
and gradient-echo acquisitions with anatomic sections [8]. T2*- or proton-density-
weighted gradient-echo images were found to be superior to spin-echo images in
depicting the soft-tissue contents and bone margins of the cervical neural foramina
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and in estimating foraminal size. Because of these advan-
tages, this technique may be “the initial procedure of choice
for the evaluation of suspected cervical radiculopathy” [9].
Despite the improvement in image contrast and the decrease
in imaging times with the GRE techniques, limitations in
minimum slice thickness inherent to two-dimensional Fourier
transformation (2DFT) images remain.

Three-dimensional Fourier transformation (3DFT) imaging
provides several advantages over 2DFT GRE studies. These
advantages include the ability to obtain very thin contiguous
slices and improvement of signal-to-noise and spatial resolu-
tion. In addition, an isotropic voxel data set can be obtained
so that retrospective reconstruction and motion-artifact
suppression can be employed [9-14]. In the past, 3DFT was
not feasible for routine use with conventional spin-echo tech-
niques because of the long acquisition times, especially if
T2-weighted images were desired [15-18]. More recently,
fast-scanning techniques have reduced this time. For these
reasons 3DFT evaluation of the knee [19, 20] and temporo-
mandibular joint [21] has gained clinical importance. Our goal
was to implement and assess a fast, thin-section 3DFT se-
quence for the cervical spine while maintaining adequate
signal-to-noise and image contrast similar to gradient-recalled
2DFT imaging.

Material and Methods

Thirty patients were referred to MR for the initial evaluation of
cervical radicutopathy. MR was performed at 1.5 T.* All patients were
studied in a supine neutral position with a flat 5-in. planar dorsal GE
surface coil. In a minority of studies, self-shielded RF gradient coils
were used.

All patients were studied initially with two sequences in the sagittal
plane with muitislice, 2DFT techniques. First, a T2*-weighted multi-
planar gradient-recalled (MPGR) GRE acquisition was obtained as a
localizing study using 500/20/2 (TR/TE/excitations), a flip angle of
20°, field of view of 24 cm, slice thickness of 4 mm, interslice gap of
0 mm, matrix of 256 X 192, imaging time of 3:19 min, and a total of
14 slices. This was followed by a T1-weighted spin-echo acquisition
using 600/20/4, a field of view of 24 cm, slice thickness of 3 mm,
interslice gap of 1 mm, matrix of 256 X 256, imaging time of 10:17
min, and a total of 11 slices. Motion artifact was diminished with
gradient-moment nulling (flow compensation) [22] on the GRE study
and with the application of a 12-cm-thick saturation RF pulse [23]
over the anterior soft tissues of the neck on the T1-weighted se-
quence. Gradient-moment nulling was not used with the T1-weighted
sequence in order to maintain a minimum TE value.

After the sagittal images were obtained, a 3DFT GRE study was
performed [10, 24]. A diagrammatic representation of this sequence
is shown in Figure 1. A selective RF pulse combined with a gradient
in the slice-select direction was used to excite a large volume or slab
in the neck. Spatial resolution in the frequency-encoding direction
(Gx) was acquired by the application of a gradient reversal, which
also generated a gradient-refocused echo. Spatial resolution in the
other two directions was obtained by the use of two phase-encoding
gradients (G, and G,), which were oriented perpendicular to each
other. In all cases, the slice-selection direction (G.) was oriented in
the superior-inferior direction. Therefore, after data reconstruction

* Signa, software version 3.2 Beta and Performance Plus, General Electric
Company, Milwaukee, WI.
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Fig. 1.—Schematic diagram for 3DFT gradient-recalled echo MR imag-
ing. A slab of tissue is excited by a selective 5° RF pulse combined with a
gradient in the slice-select direction (G,). Two phase-encoding gradients
(P) are applied in two directions (G. and G,). A gradient-recalled echo is
generated by gradient reversal in the frequency-encoding (G,) axis. The
signal is processed by 3DFT to yield the final image. A rewinding or
refocusing pulse (R) is used to rephase in-plane transverse magnetization
after it is measured and prior to the next RF pulse. At the same time, a
nonvariable spoiler gradient (S) is used to destroy any unwanted phase
buildup along the slice-select direction, which may cause artifactual mis-
registration of signal between adjacent slices. (Adapted from [24].)

with 3DFT, the primary plane of section was axial. Within the plane
of section, G« and G, were oriented in the right-to-left and anterior-
posterior directions, respectively. Following the gradient echo, a
rewinding or refocusing pulse was applied in the G, axis and a
generalized spoiler gradient was used in the G, direction. Gradient-
moment nulling was used in all cases; however, this is not shown in
Figure 1 for the sake of simplicity.

The 3DFT GRE parameters were: 35/15/2, flip angle 5°, field of
view 20 cm, slice thickness 1.5-2.0 mm, interslice gap 0 mm, matrix
256 x 128, 64 slices, and imaging time 9:34 min. Voxels were
anisotropic with a volume ranging between 1.8 and 2.4 cubic mm for
1.5- and 2.0-mm-thick slices, respectively.

In 10 patients, additional axial images were obtained with either a
multislice (MPGR) T2*-weighted GRE or T1-weighted spin-echo 2DFT
sequence. Parameters for the MPGR sequence were 600/20/4, fiip
angle 15°, field of view 24 cm, slice thickness 4 mm, interslice gap 0
mm, matrix 256 X 192, gradient-moment nulling, 17 slices, and
imaging time 7:44 min. The spin-echo sequence parameters were
800/20/4, field of view 20 cm, slice thickness 4 mm, interslice gap 1
mm, matnx 256 X 192, 15 slices, and imaging time 10:14 min.
Saturation RF pulses were applied superiorly, anteriorly, and inferiorly
outside the imaging volume during the spin-echo sequence to diminish
motion and entry-slice artifact from pulsatile CSF and vascular motion.
Comparisons between the various axial techniques were made in a
nonblinded fashion for overall image quality, the presence of artifacts,
and visualization of osseous and soft-tissue detail. On both the 2DFT
and 3DFT GRE studies, CSF signal intensity was compared with cord
intensity by using a numerical score based on a previously established
scale [25] as follows: 1 = CSF isointense and indistinguishable from
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Fig. 2.—A-H, Normal 3DFT examination
through the C5-C6 level. Images are depicted
from the most caudal (A) to rostral (H) level.
High-signal-intensity CSF relative to the lower-
intensity cord and bone is evident. Clear defini-
tion of the neural foramina (straight arrow in G)
and intervertebral disk (curved arrow in C) is
obtained with the use of 1.5-mm sections.
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Fig. 3.—Mid-sagittal T1i-weighted image shows slice positions and
overall coverage for a single 60-slice 3DFT acquisition with 2-mm-thick
sections. The levels corresponding to each 10th slice are shown. Note
signal drop-off in anterior soft tissues of neck caused by the application
of a broad saturation RF pulse.
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cord, 2 = CSF slightly higher than cord, 3 = high-signal CSF with
indistinct cord contour, 4 = high-signal CSF with sharply defined cord
margins.

Results

An example of normal anatomy obtained with 3DFT GRE
is shown in Figure 2. In Figure 3, the 3DFT axial slice positions
are shown along with the mid-sagittal image from a T1-
weighted acquisition in a different patient. The coverage [26]
(no. of slices X slice thickness) ranged from 9.0 to 12.0 cm
for the 1.5- and 2.0-mm-thick slices, respectively. By com-
parison, the coverage for the 2DFT GRE sequence was
limited to 6.8 cm despite the use of thicker slices. Interverte-
bral disks and neural foraminal soft tissue have a high signal
intensity in contrast to very low signal intensity of bone [7-9,
25]. Examples of a left paracentral disk protrusion (Fig. 4) and
intraforaminal disk herniation (Fig. 5) are shown.

2DFT GRE was equivalent to 3DFT GRE in the identification
of acquired foraminal stenosis due to osseous hypertrophy.
However, in all cases the thinner slice sections available on
the 3DFT studies provided greater detail of the degree of
encroachment on the neural foramina (Fig. 6). Cord displace-
ment was seen equally well with both techniques. Both 2DFT
and 3DFT GRE sequences were superior to T1-weighted
axial images in their ability to identify degenerative changes.

Fig. 4.—A-D, C6-C7 disk protrusion shown
by 3DFT gradient-recalled echo. Arrow in B in-
dicates a left paracentral disk protrusion with
intermediate signal intensity adjacent to hyper-
intense CSF. The adjacent cervical cord is de-
formed.
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Fig. 5.—A-D, Intraforaminal disk herniation
shown by 3DFT gradient-recalled echo. Short
arrow in C and D indicates intermediate-intensity
disk material extending into left C5-C6 neural
foramen. Compression of cord is present. Trun-
cation artifact, represented by a band of intra-
medullary hyperintensity (curved arrow in A), is

seen.

Fig. 6.—A-E, Cervical spondylosis. The 4-mm 2DFT multiplanar gradient-recalled image (A) at level of C5-C6
disk space and neural foramina demonstrates degenerative encroachment on anterior spinal canal and left neural
foramen (arrow) by low signal osseous hypertrophy. Four corresponding 1.5-mm 3DFT gradient-recalled echo
sections (B-E) at same level depict osseous encroachment in greater detail owing to reduced partial volume
artifact. Note intermediate-intensity disk bulge (curved arrow in C), which was not visualized on the multiplanar
gradient-recalled study because of partial volume effect.
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The overall image contrast with relatively high CSF signal
compared with cord intensity was comparable to the findings
previously demonstrated with either single or multislice 2DFT
GRE axial images [7, 9]. In all cases, the CSF signal was
equal to or greater than intensity of the cord, with 67% of the
cases rated between 3 and 4. Of the 3DFT studies, 15%
were determined to be technically inadequate owing to poor
contrast distinction between CSF and cord. Suboptimal qual-
ity was caused by motion artifact, resulting in image degra-
dation, severe spondylosis with compression of the thecal
sac, and aliasing in the slice-select direction (Fig. 7). Signifi-
cant artifactual heterogeneity of signal intensity was noted
within the cord in 30% of the cases (Fig. 5). This finding was
presumably caused by truncation artifact, since such hetero-
geneity was not noted on the 2DFT sagittal sequences [27].

In 41% of the patients, self-shielded RF gradient coils were
used to acquire the images. A slight improvement in image
quality, characterized by sharper soft tissue and osseous
boundaries and improved CSF-to-cord contrast, was noted.

Discussion

MR imaging has proved to be an important screening
technique for the evaluation of cervical radiculopathy. The
commonly used axial 2DFT T1-weighted spin-echo images
have limitations, of which the most important is poor contrast
resolution among osteophytes, CSF, ligaments, and dura, all
of which have similar low signal intensity [25]. Gd-DTPA-
enhanced T1-weighted images enhance soft-tissue detail in
the neural foramina, allowing improved detection of foraminal
encroachment [8]. Gd-DTPA was not used in our patients,
since our goal was to establish a noninvasive screening
sequence. T1-weighted spin-echo techniques also have lim-
ited coverage. In multilevel disease, additional scan time is
required, so patient discomfort may be prolonged. Axial T2-
weighted spin-echo images with or without cardiac gating
have limited usefulness because of CSF pulsatile artifacts
[25].

Fig. 7.—Aliasing artifact in the slice-select direction. The lowest 3DFT
axial section through T2 level (T) is degraded by superimposition of an
axial image of the upper neck (N). See Discussion section for explanation.
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Proton-density- or T2*-weighted 2DFT GRE techniques
have improved detection of degenerative extradural defects
[7-9, 25]. Signal-to-noise limitations often require an increase
in the number of excitations or in the slice thickness. These
factors result in prolongated scan time or increases in partial
volume averaging. Signal-to-noise is a limiting factor in single-
slice GRE techniques. This limitation is circumvented with
multisection GRE techniques with TR between 500-1000
msec [28]. Coverage is greater since many slices are excited
during each TR interval. Clinical trials of multisection GRE of
the cervical spine have demonstrated its advantage over T1-
weighted images [7, 8], and is one of the comparative tech-
niques used in this study.

Slice thickness must approximate that of CT for an MR
protocol to have equivalent sensitivity as a screening tech-
nique for the cervical spine. We have noted that undesirable
patient motion increases with acquisition times that exceed
10 min. Therefore, a reasonably short scan time is also
important. Signal-to-noise, resolution, coverage, image con-
trast, and artifact suppression must also be considered. In
this regard, 3DFT GRE imaging may offer some advantages.

Although 2DFT GRE improves image contrast, partial vol-
ume artifact continues to be a limiting factor because of the
minimal slice thickness limitation of all 2DFT techniques. Slice
thickness is proportional to the bandwidth of the RF pulse
and inversely proportional to the gradient amplitude in the
slice-select direction [28]. Hardware limitations on our current
system hold the minimum slice thickness to 3 mm. This slice
thickness corresponds to a minimum bandwidth of 1.25 kHz
and a maximum gradient strength of 1 G/cm. A further
reduction in bandwidth will lengthen the RF pulse and prolong
the minimum TE, resulting in a reduction in signal-to-noise
[29]. Increases in the gradient strength are limited by the
gradient power supply. By comparison, slice thickness with
3DFT is independent of RF bandwidth and is inversely pro-
portional to the duration of the phase-encoding gradient
[30]. Thus, thinner sections are acquired by increasing the
time the phase-encoding gradient is on. A stronger slice-
selection gradient is not required. The thinnest section cur-
rently available on our scanner is 0.7 mm.

Slice profile with 2DFT imaging is dependent on an RF sinc
pulse in the presence of a gradient, which may introduce
cross talk. The introduction of an interslice gap will reduce
this phenomenon but introduces partial volume artifact [26,
31]. In 3DFT reconstruction, a phase-encoding gradient de-
termines the section profiles following the same rules as in-
plane resolution [18]. Contiguous slices are therefore possi-
ble. The total number of slices is a function of the number of
phase-encoding projections. Additionally, the total number of
slices, unlike 2DFT imaging, is independent of TR. Cross talk
between slices, resulting from truncation artifact, can also
occur with 3DFT techniques [32], as discussed below.

Adequate signal-to-noise must be maintained as slice thick-
ness is reduced. 3DFT offers the advantage that a second
phase-encoding gradient is required for slice selection [14].
The signal-to-noise improves as the square root of the number
of additional phase projections, which is equal to the number
of slices. This gain in signal comes as a penalty in acquisition
time, since the total imaging time (T) is given as
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T = Nsl-Npl-TR-NEX

where Nsl and Npl are the number of phase projections in the
slice and in-plane phase-encoding directions [11]. Relative
improvements in signal-to-noise in 2DFT and 3DFT tech-
niques must be assessed on a per unit time basis. Signal-to-
noise improvement per unit time is most efficient in routine
2DFT spin-echo imaging with relatively long TRs. However,
advantages in signal-to-noise can also be associated with
3DFT imaging by using short TR, GRE sequences [32].

Since total imaging time is a product of an additional phase-
encoding gradient, the use of long TR spin-echo 3DFT se-
quences for either T1- or T2-weighted images would be
prohibitive in spine imaging, especially if multiple slices are
required. One study took 61 min to acquire a 3DFT T1-
weighted examination (TR = 300, 64 slices) of the lumbar
spine [18]. In an attempt to shorten the imaging time, the TR
was set at 35 msec.

An added advantage of a short TR is its beneficial effect
on image contrast by enhancing CSF signal intensity. When
TR is less than the transverse relaxation time, T2, steady-
state transverse magnetization is established [5, 33-36]. This
residual transverse magnetization is not destroyed between
phase-encoding cycles, and image contrast is strongly influ-
enced by T1 and T2. A refocusing pulse in the Gy axis is
applied that incorporates this transverse coherence so that
tissues with a longer T2 have relatively greater signal intensity
(Fig. 1). Since the calculated T2 of CSF is greater than gray
or white matter (396 vs 57-69 msec), a “myelographic” effect
can be obtained [5]. The use of a short TR combined with
refocusing gradients will boost the signal per unit time com-
pared with sequences using a longer TR [36].

The above assumptions require that steady state free
precession (SSFP) be present. This holds true for stationary
CSF. With refocused short TR 2DFT GRE, calculated contrast
curves have demonstrated that higher signal can be gener-
ated by CSF in comparison with either gray or white matter
by increasing the flip angle, with the greatest differences
between 50-90° [5, 36, 37]. In reality, this does not occur in
cervical spine imaging, since CSF is not stationary [25].
Moving CSF results in a non-SSFP state, and positive con-
trast, based on proton-density differences, only occurs with
very low flip angles with a crossover point at 10°. A rapid
decline in pulsatile CSF signal intensity occurs with higher flip
angles [37]. To achieve this contrast effect, we selected a 5°
flip angle knowing that this was a compromise, since overall
signal intensity drops precipitously with low flip angles [36].
Cardiac gating may assist in establishing SSFP; this option
was not available to us and is probably impractical, as total
imaging time may be lengthened since data acquisition might
only occur during diastole.

Because of our desire for image contrast yielding a “myelo-
graphic” effect, the reduced signal-to-noise influenced the
limits of resolution. With 3DFT imaging, the theoretical reso-
lution can be equal in all three directions, thus yielding small
isotropic voxels, for example 1.0 cubic mm. Retrospective,
multiplanar reformations and surface reconstruction such as
in the knee [16] or lumbar spine [18] is then possible. The
use of isotropic technigues in the cervical spine resulted in
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poor signal-to-noise unless the imaging time was unduly
prolonged. Since reformation algorithms are not readily avail-
able for our system, the voxel size was increased to 1.8-2.4
cubic mm to increase signal intensity and the axial plane was
used as the primary plane of reconstruction. In-plane resolu-
tion (1.56 x 0.78 mm) was thought to be adequate although
it is slightly less than the comparison 2DFT techniques used
in this study. A benefit of a larger voxel is the expanded
coverage [26].

It would be desirable for a screening examination of the
cervical spine to cover C3 through T1 levels corresponding
to 8-9 cm in an adult patient. With our 2DFT techniques,
coverage was limited to 6.8 and 6.0 cm for the GRE and T1-
weighted sequences, respectively. This limitation occasionally
required the placement of a limited number of slices at each
disk space using a sagittal localizer as a guide in patients
with extensive, multilevel degenerative disease. By compari-
son, the coverage of the 3DFT technique ranged between 9.0
and 12.0 cm (Fig. 2). This simplified the examination for the
technologist, since precise localization of a limited set of axial
images was not required.

Artifacts caused by motion, magnetic susceptibility, and
truncation occur with both 2DFT and 3DFT techniques. Image
degradation resulting from motion appears to be greater with
3DFT, presumably because of the application of an additional
phase-encoding gradient. As a result, phase ghosting in two
axes that are perpendicular to each other can occur. Since
motion artifact is commonly due to swallowing or vascular
puisation in the anterior tissues of the neck, a dorsal surface
coil was used to reduce signal from this area. Unfortunately,
saturation pulses similar to those used for 2DFT imaging (Fig.
2) were not available for 3DFT imaging. It is experimentally
possible to reduce motion artifact in anesthetized small ani-
mals by 3DFT GRE imaging by using signal averaging to
offset periodic respiratory and vascular motion [13]. Motion
suppression did not occur in our patients, probably because
of the nonperiodic nature of the patient motion.

Magnetic susceptibility has been documented in vitro [38]
and in vivo in the brain [39] and cervical spine [40]. This
artifact is generated whenever spatial variation in the induced
magnetic field results in geometric distortion. It is more ap-
parent on GRE images and is directly proportional to the TE
and inversely proportional to the spatial resolution [31, 41].
In the cervical spine, this artifact may accentuate or mimic
foraminal stenosis and appear similar to osseous or ligamen-
tous encroachment on the spinal canal [40]. This artifact can
be reduced by reducing the TE to its minimum value. In this
study, the minimum TE was 15 msec. Shorter TEs are pos-
sible if gradient moment nulling is eliminated [42]; however,
we found that this resulted in unacceptable motion artifact.
Magnetic susceptibility can be reduced by increasing spatial
resolution (decreasing voxel size). Since magnetic suscepti-
bility will increase with increasing intrinsic magnetic field gra-
dients across imaging voxels [40], reduction of voxel size will
lessen this effect [41]. From a practical standpoint, 3DFT can
achieve smaller voxel dimensions. Qualitatively, we did not
notice significant susceptibility artifacts with 3DFT GRE im-
aging when using the stated parameters. Quantitative evalu-
ation is required.
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MR truncation artifact [27] is most evident along the phase-
encoding axis between regions that are markedly dissimilar
in signal intensity [43]. In cross-sectional cervical spine im-
aging, this artifact is manifested as heterogeneous bands of
signal intensity, and increases with reduction of the in-plane
phase-encoding matrix to 128. We have noted similar findings
in some of our cases since a 128 matrix was used to reduce
scan time (Fig. 5). Therefore, this technique is not applicabie
for screening of intramedullary disease. With 3DFT imaging,
truncation could also occur between adjacent slices because
of the orientation of the second phase-encoding gradient,
resulting in cross talk, which can be minimized when slice
thickness is less than 3 mm [32].

Eddy current, generated by the interaction of the RF coils
with the other components of the magnet including the cryo-
stat and shim coils, could cause significant distortion of the
gradient field and current waveform. Eddy currents will alter
image quality by causing spatial distortion and shading in the
images [44]. Correction can be achieved by using self-
shielded coils [45]. We noted a qualitative overall improve-
ment in image quality with these coils with sharper boundaries
between bone, cord, and CSF margins.

Finally, because of the method of data collection with 3DFT,
unique artifacts can be generated that have not been seen
with 2DFT techniques. Aliasing or phase wrap is a well-known
artifact that occurs when an object outside the field of view
is spatially mismapped into the region of interest. On cross-
sectional 2DFT imaging, this artifact is seen along the phase-
encoding direction. Since 3DFT incorporates a second phase
gradient along the slice-select direction, aliasing can occur
perpendicular to the slice profile direction because of tissue
that is partially excited outside the imaging volume (Fig. 7).
Since the degree of excitation diminished rapidly from the
region of interest, aliasing is greatest in the outer sections
[11]. In our imaging protocol, the first two slices at each end
of the 64-slice study were discarded and only the center 60
images were displayed. Minimal residual aliasing artifact was
persistent in the remaining end slices and was greatest in the
cervical-thoracic junction. In a minority of patients (10%) there
was significant image degradation of the C7-T1 interspace.
In the remainder of the patients, aliasing was outside the
most important region of interest.

The observations discussed above point to a rational basis
for the use of 3DFT GRE techniques in screening for cervical
radiculopathy. As with 2DFT imaging, compromises between
imaging time, signal-to-noise, resolution, image contrast, and
coverage need to be considered when devising an imaging
protocol. The major advantages with this technique are the
ability to obtain very thin, contiguous sections with reduction
of partial volume averaging with preservation of image con-
trast similar to T2*-weighted 2DFT GRE images. This volu-
metric acquisition provides excellent coverage and is time-
efficient. Artifacts peculiar to 3DFT may be a limiting factor.
No systematic attempt was made to correlate the imaging
results with either the surgical findings or clinical symptoms.
In this regard, this study is incomplete, and, ultimately, a
carefully designed prospective trial is required to validate our
findings.
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