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Objectives: The aim of this study was to compare the quality of recently emerged

advanced diffusion tensor imaging (DTI) techniques with conventional single-

shot echo-planar imaging (EPI) in a functional assessment of lumbar nerve roots.

Materials and Methods: The institutional review board approved the study in-

cluding 12 healthy volunteers. Diffusion tensor imaging was performed at 3 T

(MAGNETOM Skyra; Siemens Healthcare) with b-values of 0 and 700 s/mm2

and an isotropic spatial resolution for subsequent multiplanar reformatting.

The nerve roots L2 to S1 were imaged in coronal orientation with readout-

segmented EPI (rs-DTI) and selective-excitation EPI (sTX-DTI) with an acquisi-

tion time of 5minutes each, and in axial orientation with single-shot EPI (ss-DTI)

with an acquisition time of 12 minutes (scan parameters as in recent literature).

Two independent readers qualitatively and quantitatively assessed image quality.

Results: The interobserver reliability ranged from “substantial” to “almost per-

fect” for all examined parameter and all 3 sequences (κ = 0.70–0.94). Overall im-

age quality was rated higher, and artifact levels were scored lower for rs-DTI and

sTX-DTI than for ss-DTI (P = 0.007–0.027), while fractional anisotropy and

signal-to-noise ratio values were similar for all sequences (P ≥ 0.306 and P ≥

0.100, respectively). Contrast-to-noise ratios were significantly higher for rs-

DTI and ss-DTI than for sTX-DTI (P = 0.004–0.013).

Conclusions: Despite shorter acquisition times, rs-DTI and sTX-DTI produced

images of higher quality with smaller geometrical distortions than the current

standard of reference, ss-DTI. Thus, DTI acquisitions in the coronal plane, requir-

ing fewer slices for full coverage of exiting nerve roots, may allow for functional

neurography in scan times suitable for routine clinical practice.
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lumbar spine, lumbar nerve roots

(Invest Radiol 2016;00: 00–00)

T he diagnosis of nerve root entrapment in patients with irradiating
chronic low back pain is challenging, and morphological state-of-

the art magnetic resonance (MR) imaging often fails to reliably identify
a potential conflict.1,2 Recent studies have shown that diffusion tensor
imaging (DTI) of the lumbar nerve roots lowers the number of false-
positive and false-negative findings and thus increases the concordance

between imaging and clinical findings.3–5 Diffusion tensor imaging
adds important information on the integrity of neuronal fibers on a mo-
lecular level6–13 not available from conventional MR imaging. How-
ever, rather long acquisition times prevented this functional MR
neurography technique from being implemented in clinical routine.

Lowering the number of acquired slices can efficiently shorten
scan time. A full coverage of the symmetrically exiting nerve roots in
the lumbar spine, L2 to S1, requires fewer coronal than axial slices.
However, standard acquisitions in coronal orientation need to cover the
full left-to-right body extension, potentially including the arms, to avoid
aliasing. The large field of view (FOV) in combination with small isotro-
pic voxel size results in very long echo trains when standard single-shot
echo-planar imaging is used for DTI data acquisition (ss-DTI). Concom-
itantly, strong susceptibility-related artifacts, such as geometric distortions
and signal loss due to spin dephasing result. Consequently, all recently
published DTI studies of lumbar nerve roots sampled DTI data in the
axial plane.3,4,14–16

An alternative technique is to divide the k-space trajectory into
multiple segments along the readout direction (rs-DTI).17–19 This re-
quires multiple excitations followed by shorter echo trains, each of which
only samples part of the raw data for a single image. The segmentation
results in shorter minimum echo times, increasing the signal-to-noise
ratio (SNR), and significantly reduces the severity of susceptibility-
related artifacts. A potential drawback inherent to multishot approaches
is artifacts caused by intershot displacement of anatomy.

Another promising image acquisition scheme exploits dynamic
parallel transmit selective-excitation technology (sTX-DTI).20–24 Mul-
tichannel parallel spin excitation can excite spins in arbitrarily shaped
volumes and parts of image slices instead of complete image slices,
while still keeping the excitation pulses and echo times reasonably
short. This allows a reduction of the FOValong the phase-encoding di-
rection without causing aliasing. Furthermore, it can result in less severe
geometric distortion and blurring artifacts, due to shorter echo trains,
less motion and flow artifacts, as tissue outside the reduced FOV is
not excited, and shorter scan times as fewer phase-encoding lines are re-
quired to obtain the same spatial resolution.

The purpose of this study was to compare the image quality of
these advanced DTI techniques applied in coronal section orientations
with conventional axial single-shot echo-planar imaging DTI in the
functional assessment of lumbar nerve roots.

MATERIALS AND METHODS
The local ethics board approved this prospective study, and all

volunteers provided written informed consent. Twelve volunteers were
examined (6 women: mean [SD] age, 25.50 [3.30] years [age range,
19–29 years]; 6 men: age mean [SD], 31.16 [4.70] years [age range,
26–40 years]). Inclusion criteria were age older than 18 years and good
physical health. Exclusion criteria were contraindication to MR, acute
or chronic low back pain, or experience of sciatica.

Image Acquisition
Morphological and diffusion tensor images of lumbar nerve roots

were acquired on a 3 T MR system (MAGNETOM Skyra; Siemens
Healthcare, Erlangen, Germany) between January and May 2015. Two
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channels allowed for independent parallel transmission (TimTXTrueShape;
Siemens Healthcare) and an 18-channel phased array spine coil received
the signal.

Three DTI data sets were acquired: (1) ss-DTI images in the axial
plane with scan parameters in accordance with recent literature3,14,15 as
standard of reference, (2) rs-DTI images in the coronal planewith naviga-
tor echo correction (RESOLVE; Siemens Healthcare), and (3) sTX-DTI
images in the coronal plane with reduced volume excitation (ZOOMit;
Siemens Healthcare). All DTI sequences acquired voxels with isotropic
diameters of 2.1 mm for subsequent multiplanar reformatting. b-Values

were set to 0 and 700 s/mm2.25 Integrated parallel acquisition tech-
niques were applied to all DTI sequences with a GRAPPA accelera-
tion factor of 2. Total acquisition time corresponded to 12 minutes
and 24 seconds for ss-DTI, 5 minutes and 4 seconds for rs-DTI, and
5 minutes and 7 seconds for sTX-DTI. Pulse sequence-specific DTI
parameters are summarized in Table 1.

T2-weighted (T2w) turbo-spin echo images with spectral attenu-
ated inversion recovery (SPAIR) fat suppression were acquired in coro-
nal orientation for anatomical correlation with the following sequence
parameters: repetition time = 4000 milliseconds; echo time = 95 milli-
seconds; voxel size = 0.3 � 0.3 � 2.1 mm3; number of slices = 29;
FOV = 260 � 260 mm; receive bandwidth = 250 Hz/Px.

Image Analysis
Images were postprocessed on the syngo.via platform (Version

VB10A; Siemens Healthcare, Erlangen, Germany). Two independent
readers made a qualitative and quantitative image assessment (reader 1,
A.M., research fellow in musculoskeletal radiology with a PhD in neu-
roimaging; reader 2, F.P.K., clinical fellow in musculoskeletal radiol-
ogy with 2 years' training in neuroradiology). Diffusion tensor imaging
trace images were assessed in overlay mode with T2w images to grade
potential geometrical distortions due to susceptibility variations and con-
sequent spatial misregistration (semiquantitative 5-point Likert scale: 1,
none; 2, low; 3, moderate; 4, high; 5, very high), to rate overall image
quality (1, excellent; 2, good; 3, moderate; 4, poor; 5, nondiagnostic)
and to determine the contrast between the nerve root intensities (I ) and

the surrounding muscles (C ¼ I nerveð Þ−I muscleð Þ
I nerveð ÞþI muscleð Þ). Contrast was measured

by placing an elliptic region of interest (ROI) into the nerve root ganglion

TABLE 1. Sequence Parameters

ss-DTI rs-DTI sTX-DTI

b-value 1/2, s/mm2 0/700 0/700 0/700

TR, ms 5700 4650 4700

TE, ms 65 63 78

Matrix 80 � 80 96 � 96 96 � 37

FOV, mm2 166 � 166 200 � 200 200 � 75

In-plane resolution, mm2 2.1 � 2.1 2.1 � 2.1 2.1 � 2.1

No. slices 44 29 29

Stacks 2 1 1

Slice thickness, mm 2.1 2.1 2.1

Acceleration factor (iPAT) 2 2 2

Pixel bandwidth, Hz/Px 1894 930 1860

Acquisition time, min:s 12:24 5:04 5:07

ss-DTI indicates single-shot echo-planar diffusion tensor imaging; rs-DTI,
readout-segmented echo-planar diffusion tensor imaging; sTX-DTI, selective-
excitation accelerated echo-planar diffusion tensor imaging with reduced field
of view; TR, repetition time; TE, echo time; FOV, field of view; iPAT, integrated
parallel acquisition techniques.

FIGURE 1. Anatomical correlation of diffusion tensor imaging of the spine
for a 29-year-old female volunteer. A, Panel shows a T2w turbo-spin
echo image with spectral attenuated inversion recovery fat suppression
of the lumbar spine. B, Panel demonstrates the projection of a
readout-segmented diffusion tensor imaging trace map (red) on the
corresponding T2w image (gray scale) in the same volunteer. Figure 1
can be viewed online in color at www.investigativeradiology.com.

FIGURE 2. Diffusion tensor imaging of the lumbar spine for a 27-year-old
male healthy volunteer using different diffusion sequences. A, Coronal
readout-segmented diffusion tensor imaging (rs-DTI, b-value = 700). B,
Coronal selective-excitation accelerated diffusion tensor imaging with
reduced FOV (sTX-DTI, b-value = 700). C, Reformatted axial single-shot
echo-planar diffusion tensor imaging (ss-DTI, b-value = 700). A–C,
Maximum intensity projections are shown (slab thickness, 10.0 mm).
Overall image quality was rated “excellent” by both readers for rs-DTI
(A) and sTX-DTI (B) and “moderate” for ss-DTI (C). D, The panel shows a
T2w turbo-spin echo imagewith spectral attenuated inversion recovery
fat suppression for anatomical correlation.

Manoliu et al Investigative Radiology • Volume 00, Number 00, Month 2016

2 www.investigativeradiology.com © 2016 Wolters Kluwer Health, Inc. All rights reserved.

                                            Copyright ©  2016  Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.                                             
                                 This paper can be cited using the date of access and the unique DOI number which can be found in the footnotes.



L4 and in the adjacent psoas muscle on both sides. The ROI size was
adjusted to the nerve root size to minimize partial volume effects. For
contrast-to-noise ratio (CNR) analyses, the contrast was divided by the
estimated noise σ (see Signal-to-Noise Ratio section). For SNR analysis,
each reader placed an ROI for each subject on the b = 0 s/mm2 images
into an area of homogeneous signalwithin the intervertebral disc between
the fourth and fifth lumbar vertebra. Subsequently, the mean signal inten-
sity and the corresponding standard deviation were extracted. The SNR
was estimated as the ratio of mean signal intensity of the ROI and its stan-
dard deviation. Nerve root integrity was quantitatively assessed by mea-
suring intraforaminal fractional anisotropy (FA) values at the location of
the nerve root ganglion. The quantitative results were compared with
those obtained with the standard of reference acquisition and to reference
values in recent literature.3,14,15

Statistical Analysis
All statistical tests were performed using the SPSS statistics soft-

ware (SPSS Version 21; IBM Corp). Interreader agreement was assessed
by calculating intraclass correlation coefficients (ICCs) for CNR and
SNR and by calculating Cohen κ for the overall image quality and arti-
facts scores. Cohen κ values were interpreted according to Landis and
Koch,26 and ICC values according to Kundel and Polanski.27 Normal
distribution of CNR and SNR was evaluated using the Shapiro-Wilk

test (significance level α = 0.05). Paired sample t tests were used to
evaluate for statistically significant between-group differences regard-
ing CNR, SNR, and FA (significance level α = 0.05). To assess poten-
tial intergroup differences with respect to the overall image quality and
artifacts, Wilcoxon signed rank tests were performed (significance level
α = 0.05). All statistical tests were Bonferroni corrected for multiple
comparisons, where applicable.

RESULTS
All images were successfully acquired in all healthy volunteers

without exceeding the individual limits of the specific absorption rate
(Fig. 1). The interobserver reliability ranged from “substantial” to
“almost perfect” for artifact severity (sTX-DTI, κ = 0.851; rs-DTI,
κ = 0.825; ss-DTI, κ = 0.783) as well as for the overall image quality
(sTX-DTI, κ = 0.851; rs-DTI, κ = 0.697; ss-DTI, κ = 0.787). For both
readers, overall image quality for rs-DTI was significantly higher
(R1, P = 0.013; R2, P = 0.007; Fig. 2) and the artifact scores lower
(R1, P = 0.007; R2, P = 0.017; Fig. 3) than for ss-DTI (Table 2).
Equally, overall image quality (R1, P = 0.023; R2, P = 0.013) and arti-
fact scores for sTX-DTI were significantly lower (R1, P = 0.027; R2,
P = 0.020; see also Table 2) than for ss-DTI for both readers. There
was no statistically significant difference with respect to artifacts or
overall image quality between rs-DTI and sTX-DTI for both readers.

Contrast-to-Noise Ratio
Interobserver reliability was “almost perfect” for sTX-DTI (ICC =

0.911), rs-DTI (ICC = 0.940), and ss-DTI (ICC = 0.897). The CNR
values were normally distributed for both readers and all sequences
(R1, P≥ 0.081; R2, P≥ 0.090). Contrast-to-noise ratio values were sig-
nificantly higher for rs-DTI than for sTX-DTI for both readers (R1,
P = 0.013; R2, P = 0.004). For 1 reader, they were also significantly
higher for ss-DTI than for sTX-DTI (R2, P = 0.0005), even after correc-
tion for multiple comparisons (n = 3). For both readers, there were no
statistically significant difference in CNR between rs-DTI and ss-DTI
(see Table 3 for a detailed presentation of the CNR characteristics for
both readers and all sequences as well as corresponding between
group differences).

Signal-to-Noise Ratio
The interobserver reliability was “almost perfect” for sTX-DTI

(ICC = 0.893), rs-DTI (ICC = 0.822), and ss-DTI (ICC = 0.827).
Signal-to-noise ratio values were normally distributed for both readers
and all sequences (R1, P ≥ 0.120; R2, P ≥ 0.142). In general, SNR

FIGURE 3. Distortion artifacts observed with single-shot echo-planar
diffusion tensor imaging for a 34-year-old male healthy volunteer. A,
The panel shows a maximum intensity projection for single-shot diffusion
tensor imaging. B, The panel corresponds to T2-weighted turbo-spin
echo image with spectral attenuated inversion recovery for anatomical
correlation. In this case, geometrical distortion artifacts were graded as
“moderate” by reader 1 and “high” by reader 2.

TABLE 2. Qualitative Analysis

ss-DTI rs-DTI sTX-DTI ss-DTI vs rs-DTI ss-DTI vs sTX-DTI rs-DTI vs sTX-DTI

Mean SD Mean SD Mean SD P P P

Reader 1

Artifacts 3.70 0.48 2.10 0.74 2.60 1.17 0.007* 0.027* 0.096

Image quality 3.50 0.85 2.10 0.57 2.30 1.06 0.013* 0.023* 0.414

Reader 2

Artifacts 3.60 0.52 2.30 0.95 2.50 1.08 0.017* 0.020* 0.317

Image quality 3.60 0.70 2.10 0.57 2.20 1.03 0.007* 0.013* 0.655

Grading of artifacts and overall image quality is given for each sequence and reader as mean (SD) on a 5-point Likert scale (artifacts: 1, none; 2, low; 3, moderate; 4,
high; 5, very high; overall image quality: 1, excellent; 2, good; 3, moderate; 4, poor; 5, nondiagnostic). Wilcoxon signed rank tests were performed to assess potential
between group differences. Corresponding P values are given.

*Statistical significance (P < 0.05).

ss-DTI indicates single-shot echo-planar diffusion tensor imaging; rs-DTI, readout-segmented echo-planar diffusion tensor imaging; sTX-DTI, selective-excitation
accelerated echo-planar diffusion tensor imaging with reduced field of view.
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was similar for all sequences (R1, P ≥ 0.220; R2, P ≥ 0.100;
see Table 3).

Fractional Anisotropy
Fractional anisotropy valueswere similar for both readers (paired

sample t test; ss-DTI, P = 0.393; rs-DTI, P = 0.306; sTX-DTI, P =
0.962), and all sequences with no statistically significant differences
for both readers between ss-DTI and rs-DTI (R1, P = 0.208; R2, P =
0.341), between ss-DTI and sTX-DTI (R1, P = 0.546; R2, P =
0.606), or between rs-DTI and sTX-DTI (R1, P = 0.292; R2,
P = 0.568; see Table 4). It is to note that the right L4 nerve root showed

a trend toward higher FA for ss-DTI compared with sTX-DTI for reader
1 and that the right L3 and S1 nerve root showed a trend toward higher
FA for ss-DTI compared with rs-DTI for reader 2. However, these re-
sults were not significant after correction for multiple comparisons
(Bonferroni correction for multiple comparisons, n = 9 according to
the number of performed tests, see also Table 4 for extensive presenta-
tion of between-group analysis for every nerve root, respectively).

DISCUSSION
Our results support the hypothesis that advanced DTI techniques

with innovative excitation and sampling methods permit functional MR

TABLE 3. Quantitative CNR and SNR Analysis

ss-DTI rs-DTI sTX-DTI ss-DTI vs rs-DTI ss-DTI vs sTX-DTI rs-DTI vs sTX-DTI

Mean SD Mean SD Mean SD P P P

Reader 1

CNR 0.658 0.150 0.738 0.136 0.562 0.178 0.251 0.088 0.013

SNR 10.211 3.042 11.907 4.201 13.055 5.547 0.295 0.221 0.682

Reader 2

CNR 0.675 0.148 0.730 0.125 0.529 0.142 0.385 0.001 0.005

SNR 9.594 3.098 12.636 4.166 13.175 5.429 0.097 0.140 0.833

For each sequence and reader, CNR and SNR are given as mean (SD). Paired sample t tests were performed to assess potential between group differences. Corre-
sponding P values are given.

CNR indicates contrast-to-noise ratio; SNR, signal-to-noise ratio; ss-DTI, single-shot echo-planar diffusion tensor imaging; rs-DTI, readout-segmented echo-planar
diffusion tensor imaging; sTX-DTI, selective-excitation accelerated echo-planar diffusion tensor imaging with reduced field of view.

TABLE 4. Quantitative Diffusion Analysis

ss-DTI rs-DTI sTX-DTI ss-DTI vs rs-DTI ss-DTI vs sTX-DTI rs-DTI vs sTX-DTI

Mean SD Mean SD Mean SD P (Uncorrected) P (Corrected) P (Uncorrected) P (Corrected) P (Uncorrected) P (Corrected)

Reader 1

L3 right 0.298 0.021 0.324 0.029 0.318 0.023 0.116 1.000 0.067 0.603 0.563 1.000

L4 right 0.328 0.020 0.308 0.023 0.302 0.019 0.048* 0.432 0.035* 0.315 0.54 1.000

L5 right 0.314 0.019 0.327 0.025 0.368 0.184 0.121 1.000 0.39 1.000 0.486 1.000

S1 right 0.300 0.029 0.327 0.048 0.316 0.031 0.170 1.000 0.275 1.000 0.534 1.000

L3 left 0.317 0.032 0.334 0.032 0.317 0.021 0.111 0.999 0.988 1.000 0.141 1.000

L4 left 0.306 0.029 0.310 0.032 0.319 0.027 0.560 1.000 0.307 1.000 0.582 1.000

L5 left 0.302 0.098 0.313 0.022 0.318 0.021 0.739 1.000 0.641 1.000 0.648 1.000

S1 left 0.321 0.039 0.320 0.030 0.275 0.091 0.980 1.000 0.128 1.000 0.171 1.000

Total 0.311 0.043 0.321 0.319 0.317 0.076 0.208 1.000 0.546 1.000 0.292 1.000

Reader 2

L3 right 0.303 0.019 0.328 0.035 0.317 0.041 0.036* 0.324 0.318 1.000 0.467 1.000

L4 right 0.322 0.031 0.318 0.025 0.307 0.022 0.767 1.000 0.158 1.000 0.244 1.000

L5 right 0.309 0.021 0.304 0.025 0.314 0.033 0.580 1.000 0.633 1.000 0.406 1.000

S1 right 0.313 0.024 0.342 0.040 0.321 0.034 0.012* 0.108 0.509 1.000 0.067 0.603

L3 left 0.309 0.026 0.315 0.038 0.316 0.020 0.763 1.000 0.548 1.000 0.902 1.000

L4 left 0.328 0.021 0.328 0.024 0.318 0.025 0.999 1.000 0.327 1.000 0.414 1.000

L5 left 0.319 0.030 0.309 0.033 0.322 0.022 0.396 1.000 0.796 1.000 0.249 1.000

S1 left 0.317 0.032 0.313 0.053 0.321 0.042 0.849 1.000 0.743 1.000 0.643 1.000

Total 0.315 0.026 0.320 0.036 0.317 0.030 0.341 1.000 0.606 1.000 0.568 1.000

For each sequence and reader, FAvalues are given as mean (SD). Paired sample t tests were performed to assess potential between group differences. Corresponding
P values are given uncorrected aswell as Bonferroni corrected for multiple comparisons (n = 9). After Bonferroni correction for multiple comparisons, statistical analysis
yielded no significant results.

*Uncorrected P < 0.05.

ss-DTI indicates single-shot echo-planar diffusion tensor imaging; rs-DTI, readout-segmented echo-planar diffusion tensor imaging; sTX-DTI, selective-excitation
accelerated echo-planar diffusion tensor imaging with reduced field of view.
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neurography of lumbar nerve roots in a reasonable scan time for routine
clinical practice.

Both techniques, rs-DTI and sTX-DTI, robustly imaged nerve
roots in coronal acquisitions with slightly better overall image quality
and less-severe geometrical distortion artifacts than in axially acquired
reference ss-DTI images. However, primarily due to the lower number
of slices, the coronal acquisitions shortened the MR measurement time
by a factor of 2.4, while the risk of unequal partial volume effects
distorting the results was minimized by acquiring data sets with isotro-
pic nominal spatial resolution. All 3 DTI sequences had similar SNR.
Contrast-to-noise ratio, that is, contrast between the nerve roots and the
surrounding tissue, was slightly higher with rs-DTI and ss-DTI compared
with sTX-DTI. This contrast is particularly important for the detection
of focal or asymmetrical signal alterations (eg, FA, ADC, axial, or radial
diffusivity) along nerve roots and nerves, which may indicate intraneural
pathologies due to nerve compression or other neural diseases. The quan-
titative FAmeasurements did not significantly differ between the assessed
DTI techniques.

Readout-segmented diffusion imaging has been shown to be a
robust technique for quantitative imaging, especially in areas prone to
susceptibility artifacts and consequent image distortions.28–30 Despite
the risk of motion effects corrupting data in multishot techniques, our
lumbar spine images did not show according deteriorations. This ro-
bustness might be partly attributed to motion navigators used to detect
and correct corrupted segments.

Apart from a slightly lower CNR, sTX-DTI, based on the dy-
namic parallel transmit selective-excitation technology, performed
equally well as rs-DTI. The selective excitation, kept short by parallel
transmission, allowed to reduce the FOV and, thus, acquisitions with
sufficiently short echo times and echo trains to keep artifacts related
to B0 and B1 field inhomogeneity under control, and signal intensity
large enough. Nevertheless, CNR still seemed limited by the relatively
long minimal echo time. This restriction, however, might be overcome
with further pulse sequence developments.

Aswas shown in other studies,3,4 the inclusion of a DTI evaluation
of the extradural part of the nerve roots reduces the number of false-
positive and false-negative findings in patients with low back pain and
pain irradiation in the lower extremity. Foraminal narrowing is a common
finding in elderly patients and does not necessarily imply nerve compres-
sion. On the other hand, nerve root entrapment can be related to dynamic
spinal instabilities not elicited in the supine position in whole-body
MR imaging.

However, long acquisition times prevented this method from
being more commonly used in clinical routine. Faster acquisitions
schemes may allow to gather more information on the utility of nerve
root DTI in larger patient cohorts. In addition, the gain in acquisition
time may be invested to increase resolution while maintaining the
SNR. This is of major importance to assess the intradural nerve roots,
that is, the lateral recess segment.31 Isotropic high-resolution DTI imag-
ing is also of importance when assessing the thicker extradural nerve
components to minimize partial volume effects and to render the quan-
titative measurements more reliable. Our FA values are in accordance
with recent DTI studies at 3 T.3,14,15 Nonetheless, a physiological in-
crease of FAvalues and a decrease of ADC along the nerve roots, as re-
cently shown be Miyagi et al,16 has to be considered in quantitative
evaluations.

Recently, other studies compared readout-segmented and selective-
excitation diffusion-weighted imaging (DWI) of prostate and breast. A
study assessing the prostate found that sTX-DWI was able to provide
images with comparable image quality more than 5 times faster than
rs-DWI, however, at the expense of significantly increased geometric
distortion.20 In breast cancer, sTX-DWI provided significantly higher
image quality, lesion conspicuity, and SNR than rs-DWI.24 Regarding
diffusion imaging of the spine, to our best knowledge, no studies com-
paring both acquisition techniques have been published so far.

Limitations
Certain limitations have to be acknowledged. First, the number

of healthy volunteers was small, however, the data were consistent with
low standard deviations. Second, no symptomatic patients were in-
cluded in this study. However, to apply these techniques to a larger co-
hort of clinical patients, we considered it mandatory, both for ethical
reasons and regarding efficiency, to first confirm robust data acquisition
with the new techniques, in particular since the quantitative evaluation
can be time-consuming. The small size of the lumbar nerve roots and
consequent challenges with partial volume effects necessitate such ro-
bustness in combination with a careful image postprocessing to establish
reliable quantitative values. In addition, the presented data may serve as
basis for statistical power analysis for future larger clinical trials.

CONCLUSIONS
In summary, DTI data acquired with rs-DTI and sTX-DTI were

rated higher for overall image quality and lower for severity of geomet-
rical distortion artifacts than standard of reference ss-DTI data, despite
a faster acquisition. Both techniques, rs-DTI and sTX-DTI, robustly
generated images without major distortions. Thus, DTI acquisitions in
the coronal plane, with fewer slices required to cover the symmetrically
exiting nerve roots, may allow for functional neurography in a reason-
able scan time in routine clinical practice. Apart from a slightly lower
CNR in sTX-DTI, quantitative and qualitative analysis did not reveal
significant differences between the 2 coronal acquisition techniques.
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