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Abstract

Purpose To investigate the feasibility of MR diffusion tensor
imaging (DTTI) of the median nerve using simultaneous multi-
slice echo planar imaging (EPI) with blipped CAIPIRINHA.
Materials and methods After federal ethics board approval,
MR imaging of the median nerves of eight healthy volunteers
(mean age, 29.4 years; range, 25-32) was performed at 3 T
using a 16-channel hand/wrist coil. An EPI sequence (b-value,
1,000 s/mm?; 20 gradient directions) was acquired without
acceleration as well as with twofold and threefold slice accel-
eration. Fractional anisotropy (FA), mean diffusivity (MD)
and quality of nerve tractography (number of tracks, average
track length, track homogeneity, anatomical accuracy) were
compared between the acquisitions using multivariate
ANOVA and the Kruskal-Wallis test.

Results Acquisition time was 6:08 min for standard DTI,
3:38 min for twofold and 2:31 min for threefold acceleration.
No differences were found regarding FA (standard DTT: 0.620
+0.058; twofold acceleration: 0.642+0.058; threefold accel-
eration: 0.644+0.061; p>0.217) and MD (standard DTI:
1.076+0.080 mm?>/s; twofold acceleration: 1.016+
0.123 mm?/s; threefold acceleration: 0.979+0.153 mm?/s;
p>0.074). Twofold acceleration yielded similar tractography
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quality compared to standard DTI (p>0.05). With threefold

acceleration, however, average track length and track homo-

geneity decreased (p=0.004—0.021).

Conclusion Accelerated DTI of the median nerve is feasible.

Twofold acceleration yields similar results to standard DTI.

Key Points

o Standard DTI of the median nerve is limited by its long
acquisition time.

* Simultaneous multi-slice acquisition is a new technique for
accelerated DTI.

* Accelerated DTI of the median nerve yields similar results to
standard DTI.

Keywords Diffusion tensor imaging - Diffusion
tractography - Simultaneous multi-slice - Echo-planar
imaging - Median nerve

Abbreviations
CAIPIRINHA Controlled aliasing in parallel imaging re-
sults in higher acceleration

DRUJ Distal radio-ulnar joint

DTI Diffusion tensor imaging

EPI Echo planar imaging

FA Fractional anisotropy

FDi Fibre density index

ICC Intra-class correlation coefficient
MD Mean diffusivity

ROI Region of interest

SMS Simultaneous multi-slice acquisition
SNR Signal-to-noise ratio

TE Echo time

TR Repetition time
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Introduction

Magnetic resonance (MR) diffusion tensor imaging (DTI) al-
lows characterization of tissue microstructure by measuring
the diffusion of water molecules along at least six different
gradient directions, which is usually performed with echo-
planar imaging (EPI) [1]. In highly organized tissues, such
as peripheral nerves with axon bundles and myelin sheaths,
diffusion is anisotropic and predominantly occurs parallel to
the course of the fibres. This anisotropy is based on the re-
striction of diffusion by cellular barriers [2, 3]. With DTI, the
three orthogonal main axes of diffusion (eigenvectors) and
their respective intensities (eigenvalues), which both charac-
terize respective tensor geometries, can be calculated voxel-
wise. Furthermore, the fractional anisotropy (FA) and the
mean diffusivity (MD, equal to the apparent diffusion coeffi-
cient) can be obtained from the three eigenvalues to further
describe the diffusion behaviour [1]. Tractography algorithms
allow visualization of the orientation and course of fibres [4,
5] by connecting voxels with similar diffusion properties ac-
cording to predefined criteria.

In the past years, the potential of MRI for peripheral nerves,
including DTI applications, has been elucidated in numerous
studies [6-9]. In particular, due to its size and rather superficial
location, the median nerve has been extensively investigated
and several works have shown the usefulness of DTI in the
assessment of diffusion changes with ageing or in pathological
conditions, e.g. carpal tunnel syndrome [10-20].

A major challenge in DTI of peripheral nerves is to avoid
artefacts and dephasing arising from patient motion and blood
pulsation during the examination. Firm fixation of extremities
can be troublesome, especially in DTI of the median nerve
where patients are usually examined in the uncomfortable
‘superman position’ with the arm outstretched over head.
Therefore, in order to minimize artefacts and to maximize
patient comfort, DTI sequences should be as short as possible
while maintaining the image quality and signal-to-noise ratio
(SNR) sufficient for quantitative measurements and
tractography.

Conventional techniques for accelerated imaging, such as
parallel imaging [21] or partial Fourier sampling [22], im-
prove the SNR but cannot significantly reduce the acquisition
time in single-shot EPI. By contrast, simultaneous multi-slice
(SMS) imaging is a promising method, where multiple slices
are excited concurrently with a multiband radiofrequency
pulse. This technique was first published in 2001 [23], but
has only recently gained more extensive interest from the
MR community due to the ‘Controlled aliasing in parallel
imaging results in higher acceleration’ (CAIPIRINHA) tech-
nique [24] and its implementation to EPI with markedly re-
duced g-factor penalty (blipped CAIPIRINHA) [25-27].

The aim of the present study was to investigate the feasi-
bility of accelerated DTI of the median nerve using SMS with
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blipped CAIPIRINHA. The hypothesis was that, compared
with standard DTI, this technique would significantly reduce
the acquisition time at a comparable functional DTI metrics
and image quality.

Materials and methods
Study population

This study was approved by the federal ethics board. Eight
healthy volunteers (six males, two females; mean age,
29.4 years; age range, 25-32 years) underwent MRI of their
dominant wrist (six right side, two left side). None of them
reported previous local surgery or recurring paraesthesia in the
respective lower and upper extremity suggestive of peripheral
neuropathy. Written informed consent was obtained from all
subjects.

Imaging protocol

Imaging was performed on a 3 T scanner (MAGNETOM
Skyra, Siemens Healthcare, Erlangen, Germany) with a max-
imum amplitude of' 45 mT/m and a slew rate of 200 T/m/s. All
subjects lay in a prone position with the arm extended over the
head and aligned to the z-axis of the magnetic field (‘super-
man position’) [12, 16]. The wrist was placed in a dedicated
16-channel hand/wrist coil (Siemens Healthcare) positioned in
the scanner’s isocentre.

All sequences were planned such that they covered
the entire carpal tunnel in the transversal orientation.
Initially, a Tl-weighted SPACE (Sampling Perfection
with Application of optimized Contrasts using different
flip angle Evolution) sequence for anatomical correlation
and exclusion of gross structural abnormalities was ac-
quired (TR, 500 ms; TE, 11 ms; turbo factor, 42; num-
ber of slices, 192; slice thickness, 0.8 mm; in-plane
resolution, 0.5x0.5 mm?). Next, DTI was performed
based on single-shot EPI with SMS acceleration and
blipped CAIPIRINHA using a dedicated software pack-
age for research purposes (Siemens Healthcare, Erlang-
en, Germany). Three different DTI sequences were ap-
plied at a b-value of 1,000 s/mm? [12] with 20 gradient
encoding diffusion directions and a respective slice ac-
celeration factor of 1 (no acceleration, i.e. conventional
reference scan comparable to a traditional, ‘simple’
single-shot EPI sequence), 2 (two simultaneously excit-
ed slices) or 3 (three simultaneously excited slices)
(Table 1). Each of these three sequences was performed
twice for SNR measurements as well as repeatability
analysis (see below).
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Table 1 Image parameters of the
diffusion tensor imaging (DTI)
sequences with different slice
acceleration factors

The shim volume was automatically placed and kept
constant for all DTI sequences to minimize the influ-
ence of b0 heterogeneities.

Post-processing and measurements

Colour-coded FA maps as well as greyscale FA and MD maps
were automatically generated by the scanner (Fig. 1). For FA
and MD measurements, two independent readers (LF and DK)
placed regions of interest (ROIs) on the respective maps in the
median nerve at the level of the distal radioulnar joint (DRUJ),
the pisiform bone and the hamate bone [13, 15]. The corre-
sponding T1 images were consulted to clearly identify these
levels and to align the ROIs to the respective anatomy. Poten-
tial partial-volume effects were avoided by defining the ROIs
slightly smaller than the cross-sectional area of the nerve [11].

Fig. 1 Left: Exemplary mean
diffusivity (MD) and fractional
anisotropy (FA) maps at the level
of the distal radio-ulnar joint,
acquired with different slice
acceleration factors. The median
nerve can be well depicted on the
FA maps (arrow), as it runs
mainly parallel to the z-axis of the
scanner (blue-coded). Right:
Ilustration of region of interest
(ROI) placement on T1-weighted
images at the level of the distal
radio-ulnar joint (top), the
pisiform bone (middle) and the
hamate bone (bottom)

MD map

FA map

FA map
(color)

standard DTI

Standard DTI 2x slice acceleration 3x slice acceleration
b-factor (s/mm?) 1,000 1,000 1,000
Gradient directions 20 20 20
Signal averages (b=0; b=1000) 53 5,3 5,3
TR (ms) 5,200 3,000 2,000
TE (ms) 74 74 74
Number of slices 42 42 45 (42 not applicable)
Slice thickness; slice gap (mm) 3;0 3;0 3;0
In-plane resolution (mm?) 14x14 14x14 1.4x1.4
Field of view (mm?) 140% 140 140% 140 140% 140
Partial Fourier 5/8 5/8 5/8
GRAPPA 2 2 2
Bandwidth (Hz/Px) 1,034 1,034 1,034
Duration (min) 6:08 3:38 2:31
Tractography

Tractography was performed on a commercially available
workstation (software ‘Neuro 3D’, syngo Leonardo, Siemens
Healthcare, Erlangen, Germany) by two readers (LF and DK).
One seed ROI, which served as starting point for the automatic
fibre tracking, was placed at the level of the pisiform bone. In
contrast to the aforementioned ROIs for FA/MD measure-
ments, this ROI was drawn exactly along the borders of the
nerve to ensure the inclusion of all nerve fibres [13]. Based on
the findings of a previous study on optimal fibre tracking of
the median nerve at 3 Tesla [12], the FA threshold value and
the angulation threshold were set to 0.2 and 10°, respectively.

The tractography performance depending on the slice ac-
celeration factor chosen was assessed in terms of (1) number
of tracks, (2) average track length and (3) fibre density index
(FDi, i.e. the number of tracts divided by the area of the seed

2x acceleration 3x acceleration

ROI placement
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ROI) [28]. Furthermore, a qualitative 4-point-scale assessment
was performed with regard to the track homogeneity (1 =
poor, 2 = fair, 3 = good, 4 = excellent) and the anatomical
accuracy (i.e. the correspondence of the track to the anatom-
ical fibre course: 1 = poor, 2 = fair, 3 = good, 4 = excellent).

Signal-to-noise ratio (SNR) calculation

All DTI sequences were acquired twice with identical param-
eters. After subtraction of the images at b=0, respective voxel-
by-voxel difference images between the identical sequences
could be generated [17, 29]. On these difference images, the
standard deviation of the signal intensity (‘noise’) was mea-
sured. The SNR of the median nerve at the level of the pisi-
form bone was then calculated for the different sequences as
follows:

SL 5 0

noise

SNR =

Furthermore, the SNR of each sequence was divided by the
respective acquisition time in order to determine the SNR per
minute.

Statistical analysis

All statistical analyses were performed with SPSS (v20, IBM
Corp., Somers, NY, USA). To assess the inter-reader agree-
ment of FA and MD measurements by both readers, respective
intra-class correlation coefficients (ICCs) were calculated. An
ICC <0.20 indicated slight agreement, 0.21-0.40 fair agree-
ment, 0.41-0.60 moderate agreement, 0.61-0.80 substantial
agreement, 0.81-0.99 almost perfect agreement and 1.00 per-
fect agreement [30]. The inter-observer reliability of track ho-
mogeneity and anatomical accuracy scores was quantified by
calculating Cohen’s kappa.

For further statistical comparisons, FA and MD measure-
ments were averaged between both readers. FA, MD, number
of tracks, average track length and FDi were compared be-
tween the different sequences by using a multivariate ANOVA
with post-hoc Bonferroni tests. Track homogeneity and ana-
tomical accuracy scores were compared using the Kruskal-
Wallis test. For all tests, a p-value of <0.05 was considered
to indicate statistically significant differences. The correlation
between SNR and number of tracks as well as between SNR
and average track length was assessed by calculating respec-
tive Spearman’s correlation coefficients.

Since every DTI sequence was acquired twice, the test-
retest reliability of overall FA and MD values between both
scans could be analysed by calculating ICCs. For this purpose,
one reader (LF) also performed measurements on the second
set of images. The dependence of the test-retest reliability
from the applied slice acceleration factor was then assessed.
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In order to quantify the variability of overall FA and MD
values among the individual volunteers, respective coefti-
cients of variation (i.e. the standard deviation divided by the
mean) were calculated for all DTI sequences. Again, the de-
pendence of the variation from the slice acceleration factor
was determined.

Results
Image acquisition

All images were successfully acquired without the presence of
significant motion artefacts in any of the sequences (for ex-
emplary FA and MD maps see Fig. 1). Acquisition time was
6:08 min for standard DTI, 3:38 min for twofold acceleration
and 2:31 min for threefold acceleration. The total imaging
duration was 28:56 min.

Quantitative measurements

Mean ROI sizes for FA and MD measurements were 7+ 1 mm®
(reader 1: 8+1 mm?; reader 2: 7+1 mm?). ICC values ranged
from 0.801 to 0.871 for FA measurements and from 0.886 to
0.931 for MD measurements, indicating almost perfect inter-
reader agreement [30]. Regarding the qualitative ratings,
Cohen’s kappa was 0.734 for the track homogeneity score
and 0.647 for the anatomical accuracy score, indicating fair
to good agreement. No significant differences in FA and MD
values were found between the sequences with different slice
acceleration factors (FA: p>0.217; MD: p>0.074) (Table 2).

The test-retest reliability of FA and MD measurements was
almost perfect regardless of the slice acceleration factor ap-
plied. The coefficients of variation of FA and MD values were
relatively low in all sequences (Fig. 2).

Tractography

Tractography was successful in all subjects (see example pro-
vided in Fig. 3). The number of tracks and the average track
length both decreased with increasing slice acceleration, likely
due to the lower SNR. Given the high standard deviation, the
differences were not statistically significant regarding the
number of tracks. However, the average track length de-
creased significantly (standard DTI vs. threefold slice acceler-
ation: p=0.018; twofold vs. threefold slice acceleration: p=
0.010). Track homogeneity and anatomical accuracy were rat-
ed fair to good at standard DTT and twofold slice acceleration,
but only poor to fair at threefold slice acceleration (Table 3).
There was only a weak positive correlation between SNR and
number of tracks (Pearson’s correlation coefficient, 0.249) as
well as between SNR and average track length (Pearson’s
correlation coefficient, 0.215).
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Table 2 Mean values+standard deviations of fractional anisotropy (FA) and mean diffusivity (MD) in sequences with different slice acceleration

measured by two independent readers at the level of the distal radio-ulnar joint (DRUJ), the pisiform bone and the hamate bone

Standard DTI 2x slice acceleration 3x slice acceleration
FA MD (10 mm?s)  FA MD (107 mm%s)  FA MD (107 mm?%/s)
Reader 1
Total 0.619+0.051 1.083+0.087 0.648+0.054 1.010+0.125 0.642+0.060 0.974+0.160
DRUJ 0.643+0.025 1.071+0.069 0.619+0.037 1.040+0.187 0.631+0.031 0.998+0.193
Pisiform bone 0.633+0.053 1.099+0.121 0.693+0.051 0.977+0.047 0.666+0.075 0.931+0.190
Hamate bone 0.581+0.052 1.081+0.085 0.631+0.043 1.014+0.115 0.629+0.075 0.993+0.136
Reader 2
Total 0.621+0.065 1.068+0.074 0.637+0.063 1.021+0.123 0.646+0.063 0.985+0.149
DRUJ 0.620+0.036 1.05540.055 0.617+0.063 1.038+0.201 0.65940.046 0.995+0.174
Pisiform bone 0.660+0.052 1.111£0.104 0.697+0.048 1.024+0.051 0.661+0.058 0.967+0.174
Hamate bone 0.583+0.084 1.040+0.055 0.596+0.026 1.001+0.097 0.619+0.062 0.992+0.107
Mean of both readers
Total 0.620+0.058 1.076+0.080 0.642+0.058 1.016+0.123 0.644+0.061 0.979+0.153
DRUJ 0.631+0.038 1.063+0.065 0.618+0.054 1.039+0.179 0.645+0.058 0.996+0.173
Pisiform bone 0.646+0.054 1.105+0.101 0.695+0.044 1.000+0.053 0.664+0.071 0.949+0.174
Hamate bone 0.582+0.061 1.060+0.068 0.614+0.037 1.007+0.108 0.624+0.050 0.993+0.108

Intra-class correlation coefficient ICC (95 % confidence interval)
Total

0.801 (0.517-0.919) 0.886 (0.718-0.954) 0.876 (0.700-0.949) 0.931 (0.832-0.972) 0.871 (0.682-0.948) 0.929 (0.827-0.971)

SNR measurements

The measured SNR values at different slice acceleration fac-
tors were 19.60+8.98 (standard DTI), 16.32+6.74 (twofold
acceleration) and 11.33+3.85 (threefold acceleration), respec-
tively. Consequently, the corresponding SNRs per minute
were 3.19+1.46 (standard DTI), 4.49+1.86 (twofold acceler-
ation) and 4.51+1.53 (threefold acceleration).

Discussion

In the present study, the feasibility of accelerated DTI of the
median nerve using SMS imaging with blipped CAIPIRINHA
was demonstrated and compared to standard DTI.

DTI parameters measured in the standard scan (FA: 0.620+
0.058; MD: 1.076+0.080x 10~ mm?/s) were in close

agreement with the literature [10, 13, 16, 18] and not signifi-
cantly influenced by slice acceleration. In agreement with a
previous work [13], FA values were lower at the level of the
hamate bone than at the level of the DRUJ. The measurements
showed almost perfect inter-observer agreement, relatively
low variability and good test-retest reliability. There was a
trend towards higher FA values with increasing slice acceler-
ation (though not statistically significant), which is a well-
recognized though not fully understood phenomenon [31, 32].

With slice acceleration, the measured MD values fell below
the reported optimal cut-off value of 1.054x 10 mm?%/s for
the diagnosis of carpal tunnel syndrome [13]. However, sig-
nificant overlaps of diffusion properties of the median nerve
among different ages as well as healthy versus pathological
conditions were also reported. Nevertheless, the high repeat-
ability and low variability of our measurements indicate a
robust technique with potentially high discriminatory

Fig. 2 Dependence of test-retest Test-retest reliability Variability
reliability (ICC) and variability 0.95+ 0.20+
(coefficient of variation) of = “EA s e
. . 8 = MD = -= MD
fractional anisotropy (FA) and £ 090 £ 0.151
mean diffusivity (MD) values g e 3
from the slice acceleration factor. o 0.85- E 0.10 /:
The slice acceleration factor 1 :g /-‘- § L= ¢
corresponds to the standard ) 80 % 0,05
diffusion tensor imaging (DTI) E 3
sequence 0.75 . , 0.00 r )
1 2 3 1 2 3

Slice acceleration factor

Slice acceleration factor
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standard DTI

2x slice acceleration

3x slice acceleration

Fig. 3 Exemplary tractography of the median nerve in a 28-year-old
male volunteer based on data acquired with standard diffusion tensor
imaging (DTI), twofold and threefold slice acceleration. The respective
seed regions of interest (ROIs) were drawn at the level of the pisiform

performance. Further studies may clarify whether new norma-
tive and cut-off values are needed for slice-accelerated se-
quences. If it remains unclear why DTI parameters are affect-
ed by slice acceleration, new normative values may also be
necessary for other body regions and pathologies to maintain
the level of diagnostic accuracy.

Tractography is a powerful tool for illustrating the fibre
course of the median nerve. A previous work found
tractography a useful and reproducible tool for analysing the
nerve microstructure in patients with carpal tunnel syndrome
[17]. In carpal tunnel syndrome, chronic pressure leads to an
increase of endoneurial and perineurial connective tissue as
well as intrafascicular oedema due to local venous

bone. Anatomical reference slices are not shown so that the gradually
decreasing signal intensity of the DTI data and quality of tractography
with increasing slice acceleration can be recognized

compression. In this case, FA values are decreased because
of impaired diffusion of water molecules along the main nerve
fibre direction. Thus, the success of tractography is considered
an indirect marker for the amount of microstructural
alteration.

In our study, tractography in the standard DTI scan deliv-
ered similar parameters compared with the literature [12]. Its
performance regarding fibre course visualization was similar
to twofold slice acceleration but significantly impaired with
threefold acceleration, as there was a decrease in the number
of tracks, the average track length, track homogeneity and
anatomical accuracy. The most likely explanation is that the
lower SNR limited automatic fibre tracking because of less

Table 3  Characteristics of tractography based on data of the sequences with different slice acceleration factors (data are presented as mean+standard
deviation)
Standard DTI 2x slice acceleration 3x slice acceleration Sequences with significant differences
Reader 1
Number of tracks 835+117 772+255 584+222 -
Average track length (mm) 46.2+4.3 47.2+3.9 35.0+£8.0 Standard DTI/3x (p=0.012), 2x/3x (p=0.006)
FDi 16.6+2.1 16.6+1.8 15.6+4.0 -
Track homogeneity 32404 2.7+0.5 1.7+0.8 Standard DTI/3% (p=0.007), 2x/3x (p=0.041)
Anatomical accuracy 2.7+£0.8 22404 1.8+0.4 Standard DTI/3% (p=0.045)
Reader 2
Number of tracks 796+122 735+253 596+227 -
Average track length (mm) 44.4+42 453+3.7 34.7+8.1 Standard DTI/3x (p=0.028)
FDi 16.4+2.4 16.4+2.1 18.8+4.4 -
Track homogeneity 3.2+0.8 2.8+0.4 1.7+0.8 -
Anatomical accuracy 2.8+0.8 2.5+0.6 1.8+0.4 Standard DTI/3x (p=0.015)
Mean of both readers
Number of tracks 816+116 753+252 590+225 -
Average track length (mm) 453+4.2 46.3+3.8 34.8+8.0 Standard DTI/3x (p=0.018), 2x/3x (p=0.010)
FDi 16.5+£2.3 16.5+£1.9 16.4+4.4 -
Track homogeneity 3.2+0.5 2.8+0.4 1.9+0.7 Standard DTI/3% (p=0.004)
Anatomical accuracy 2.840.8 23+04 1.8+0.4 Standard DTI/3% (p=0.021)

The first three parameters were compared by using multivariate ANOVA, the others (qualitative scoring) by using the Kruskal-Wallis test. FDi fibre

density index
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accurate voxel-wise tensor calculation. Nevertheless, as
shown above, focal FA and MD measurements were not im-
paired by slice acceleration.

The SNR of the median nerve on the b0 image of the
standard DTI sequence was in the range of the literature
[17]. Unlike previous acceleration techniques [24, 33],
blipped-CAIPI does not suffer from a relevant g-factor penal-
ty; in the brain, it was shown that the g-factor penalty was only
1 % with threefold slice acceleration at 3 T [25, 34] and thus
negligible. The SNR only decreases due to two other effects:
(1) the lower TR leads to saturation effects; (2) the decreasing
distance between the excited slices hampers their separation
(depending on the size and position of the coil elements).
Nevertheless, the SNR per time unit is expected to increase
until TR is lower than 1.25 T1 [25]. Since the median nerve
has a T1 relaxation time of 1410+70 ms at 3 T [35], the TR in
our study was theoretically still long enough even at threefold
slice acceleration (TR, 2,000 ms) to ensure higher SNR per
time unit compared to standard DTI. The results are in agree-
ment with this principle, although the SNR per minute was
only slightly higher at threefold acceleration than at twofold
acceleration.

With increasing b-value, there is exponential loss of SNR.
In a previous systematic study, the optimal b-value for DTI of
the median nerve at 3 T was found to be in the range of 1,000—
1,400 s/mm? [12]. In the present work, a b-value at the lower
border of this range was used (1,000 s/mm?) to ensure a high
SNR. Given the short T2 relaxation time of surrounding skel-
etal muscle tissue, only little diffusion signal is left in muscles
at this b-value level [36], which facilitates the depiction of the
median nerve on the parametrical maps. We further optimized
the SNR of the DTI sequence by partial Fourier sampling
(5/8), as the thereby-achieved TE shortening increased the
SNR [37]. As a compromise between SNR and spatial reso-
lution, a moderate in-plane resolution and slice thickness were
used. By lowering the spatial resolution, the SNR could be
increased, but quantitative measurements and tractography
would be impaired due to partial-volume effects. Other poten-
tial techniques that improve the SNR, such as multiple signal
averages or additional gradient field directions, are limited by
the cost of a longer acquisition time and thus the higher like-
lihood of motion artefacts.

Based on the results of the present work we advocate the
use of twofold slice acceleration for DTT of the median nerve
to halve the acquisition time while maintaining the image
quality and SNR sufficient for parameter measurements and
tractography. Although associated with comparable functional
DTI metrics, the use of threefold slice acceleration for
tractography of the median nerve is not supported by our
results due to the lower SNR.

Our study has some limitations. First, a relatively small
number of subjects was imaged. Because of the high reliabil-
ity and low variability of the results, however, additional

subjects would most likely not have changed them. Second,
no patients were included in this initial feasibility study. Last,
a bias was introduced as most study subjects were young
individuals and it is known that DTI of the median nerve is
age-dependent in terms of the diffusion metrics.

In conclusion, future DTI studies on peripheral nerves may
strongly profit from twofold slice acceleration. The slightly
decreased SNR is more than compensated for by the increase
in SNR per time unit and the thereby-reduced likelihood of
motion artefacts. It has still to be proven whether this technique
yields comparable results in case of pathologies such as carpal
tunnel syndrome, where DTI of the peripheral nerves currently
has its main potential for clinical application [13, 18, 19].
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