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Abstract

Localized high-resolution diffusion tensor images (DTI) from the midbrain were obtained using
reduced field-of-view (rFOV) methods combined with SENSE parallel imaging and single-shot
echo planar (EPI) acquisitions at 7 T. This combination aimed to diminish sensitivities of DTI to
motion, susceptibility variations, and EPI artifacts at ultra-high field. Outer-volume suppression
(OVS) was applied in DT acquisitions at 2- and 1-mm? resolutions, b=1000 s/mm?, and six
diffusion directions, resulting in scans of 7- and 14-min durations. Mean apparent diffusion
coefficient (ADC) and fractional anisotropy (FA) values were measured in various fiber tract
locations at the two resolutions and compared. Geometric distortion and signal-to-noise ratio
(SNR) were additionally measured and compared for reduced-FOV and full-FOV DTI scans. Up
to an eight-fold data reduction was achieved using DTI-OVS with SENSE at 1 mm?, and
geometric distortion was halved. The localization of fiber tracts was improved, enabling targeted
FA and ADC measurements. Significant differences in diffusion properties were observed
between resolutions for a number of regions suggesting that FA values are impacted by partial
volume effects even at a 2-mm? resolution. The combined SENSE DTI-OVS approach allows
large reductions in DTI data acquisition and provides improved quality for high-resolution
diffusion studies of the human brain.
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1. Introduction

High-resolution diffusion tensor imaging (DTI) suffers from the effects of local field
variations caused by By inhomogeneities or rapid susceptibility changes, as well as
physiological and patient bulk motion. These problems result in a number of artifacts that
degrade image quality such as ghosting, distortion, blurring, and/or signal dropout that can
be severe enough to make image data unusable if not managed or minimized. DTI is
particularly sensitive to small physiological or patient motions arising from the use of strong
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gradients that impart diffusion weighting. In the presence of motion, these gradients produce
large phase shifts that cause ghost artifacts in multi-shot acquisitions.

To counter such motion sensitivity, DTI typically uses single-shot echo planar acquisitions
that acquire a complete image from a single excitation [1-3]. As resolution increases, the
number of data points acquired in k-space must be correspondingly larger, requiring longer
echo train lengths. Signal attenuation caused by T2* then results in a greater degree of
image blurring and distortions caused by off-resonance effects [4]. In practice, a tradeoff is
established between the spatial resolution, signal bandwidth (which affects the signal-to-
noise ratio (SNR)), and the magnitudes of EPI-based artifacts. Partial compensation for
these effects can be achieved by using multi-shot EPI that lowers the fraction of k-space
covered in a single acquisition [5], but multi-shot diffusion imaging demands navigator
information or use of PROPELLER trajectories to correct for motion-induced phase shifts
[6-9]. Due to the typically diminished SNR of diffusion-weighted images, spatial
resolutions are constrained to be relatively low, and long scan durations of 10 to 20 min are
employed, which increases the occurrence of patient movement artifacts.

To address these imaging constraints, previous efforts have applied parallel imaging
techniques such as SENSE or GRAPPA [10,11]with DTI [2,12-16]. Here, data sizes are
lowered by a factor of typically two to four, and aliasing artifacts are removed by using
sensitivity encoding information in the reconstruction. Parallel imaging potentially reduces
motion effects, echo train lengths, and EPI artifacts, but also reduces SNR. SENSE noise
amplification is quantitatively described by the geometry factor, which places additional
limits on the acceleration that can be achieved to still obtain adequate image quality.

A number of reports describe similar accelerations using reduced-FOV techniques to
spatially localize signal to smaller regions within the full FOV [17-24]. This can be
accomplished using a combination of radio-frequency (RF) pulses selective along specific
dimensions that suppress the signals from outer volumes by saturation (OVS) [25-28]. As
with SENSE, the benefit of using such techniques is to lower data set sizes for any given
resolution, potentially diminishing scan times, motion effects, susceptibility effects, and
EPI-based artifacts. To date, applications of this technique have largely been confined to
diffusion imaging measurements in the spinal cord at field strengths of 3 T and lower
[19,21,23], with use at 7 T less common [16,28,29]. Higher-field 7 T systems produce
stronger signals that may be used to improve resolution for diffusion property measurements
and tractography analysis [19,30-32], but is challenged by shorter T2* values, reduced B1
inhomogeneity, and increased RF power deposition [33]. Reduced-FOV offers potential
advantages of improved resolution at higher field for brain imaging while countering short
T2* effects.

The goal of this study was to combine reduced-FOV imaging using the outer-volume
suppression (OVS) technique with SENSE parallel imaging to improve DTI quality at 7 T.
We specifically aimed to achieve improved resolution of regions in the human midbrain.
Partial Fourier or half-scan methods were additionally used to further reduce DTI echo
trains. We first aimed to demonstrate that combining these techniques with a single-shot EPI
DTI scan can provide localized diffusion measurements with improved resolution and
without decreased image quality. Small FOV acquisitions in the pons were also compared
against full-FOV scans to determine differences in geometric distortion levels, SNR, and
measured diffusion properties. The combined parallel DTI-OVS scan was then used to
determine the impact resolution improvements had on the measured apparent diffusion
coefficient (ADC) and fractional anisotropy (FA) values and their variations within specific
anatomical regions.
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2. Methods

2.1. Outer-volume suppression diffusion tensor imaging

The combination of outer-volume suppression (OVS) with diffusion tensor imaging (DTI)
was accomplished based on prior optimizations [29,34] using the pulse sequence shown in
Fig. 1. Here, 100-mm-wide saturation bands were placed left and right of the target imaging
FOV of interest, with both bands then repeated to improve overall saturation performance.
The excited signal in each band was subsequently dephased using 40-mT/m spoiler
gradients with 16-ms durations that occurred between the RF pulse repetitions and at the end
of the OVS preparation. The applied RF pulse shape consisted of a numerically optimized
chirp pulse [35] with a linear frequency modulation (FM) to achieve a quadratic-phase
profile (Fig. 2) [25,28,36,37]. Quadratic-phase pulses enable a broader bandwidth with
reduced RF power while providing sharp roll-off at pulse edges and significant saturation of
signal. The first pair of pulses was set to a flip angle of 90°, the second set to 160°, with
8.25-and 15-uT amplitudes, respectively, 3.9-kHz bandwidths, and 9.63-ms durations,
resulting in a time—bandwidth product (TBW) of 38. With a total preparation time of 76 ms,
OVSS was performed prior to each excitation in a diffusion-weighted sequence using a
single-shot EPI readout along a Cartesian trajectory.

2.2. Human imaging

Human images were acquired using a 7-T Philips Achieva System (Philips Healthcare,
Cleveland, OH) with a 90-cm Magnex magnet, using a 32-channel head-coil receive array
and quadrature volume transmission (Nova Medical, Wilmington, MA). System gradient
strength, slew rate, and peak B1 amplitude were limited to 40 mT/ m, 200 mT/m/ms, and 15
UT, respectively. Scanning was performed on eight adult subjects, four male and four female
between the ages of 20 and 54 years. All subjects provided informed consent per a protocol
approved by the Vanderbilt University Medical Center (Nashville, TN) Institutional Review
Board (IRB), and females of childbearing age were screened for a negative pregnancy test
result prior to imaging.

2.3. Diffusion property measurements in localized midbrain regions

The DTI-OVS combination using single-shot EPI was executed with SENSE parallel
imaging to target specific brain regions based on prior optimization for high-resolution
imaging at 7 T [29,38] as described by the imaging parameters defined in Table 1. Images
were acquired along three planes: a transverse orientation through the basal ganglia, a
sagittal midline passing through the third ventricle, brain stem, and thalamus, and a coronal
midbrain view with bilateral coverage of the hippocampus and internal capsule fiber
pathways. FOV sizes ranging from 70x78 to 90x90 mm?2 were restricted using the OVS
technique (for reduction in the phase-encoding direction) and with band-pass filtering (for
the readout dimension).

DTI images were acquired using six diffusion directions along (0, 1, £1), (£1, 0, 1), and (1,
1, 0) with a b-value of 1000 s/mm2. For each brain region, images with either 2.0x2.0- or
1.0x1.0-mm? image resolutions were separately obtained in a single 2-mm-thick slice, for
scan durations of 7m6s and 14m3s respectively. Partial Fourier or half-scan (HS)
acquisitions were also used and the sampled k-space percentage was adjusted from 73% to
78% to maintain similar echo times for both resolutions, with Cartesian sampling of the
remaining k-space lines based on the SENSE factor. Additional full-FOV T1-weighted
anatomical images of each section without OV'S preparation were acquired using a turbo
field-echo (TFE) sequence to aid in identifying features in the DTI scans.
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2.4. DTl parameter calculation and assessment

For each DTI-OVS image set corresponding to a specific localized brain region, the six
diffusion direction images were first co-registered against the b=0 s/mm? image using an
affine transformation. Background noise was removed by thresholding. A matrix of
diffusion values was then calculated at every pixel location along the six diffusion
directions, which were then applied to calculate maps of apparent diffusion coefficient
(ADC) and fractional anisotropy (FA) [39]. FA maps were color coded using the principal
eigenvectors to identify primary fiber tract diffusion directions, with red corresponding to
right-left; green, anterior—posterior; and blue, foot—head orientation. Sixteen specific fiber
tract locations and anatomical regions were identified using the color-coded map, and mean
FA and ADC values were calculated in selected regions of interest (ROI) at both 1- and 2-
mm? resolutions across all eight subjects.

For consistency of measurement, ROI positions for each unique feature were in matched
locations and in the same hemisphere (where applicable) at both resolutions. The mean
values for each ROI were compared at the two resolutions, and differences were evaluated
using a two-tailed paired t-test to determine the significance of measured differences
(p<0.05). Mean FA and ADC values were also compared between regions at the same
resolution to determine whether there were significant regional variations. A matrix was
generated and color coded based on three significance thresholds: no significant difference
(p>0.05), significant (p<0.05), and highly significant differences (p<0.001). The percentage
of voxels within each region occupied by these different values was calculated for ADC and
FA at both resolutions. To assess relative SNR between the two resolutions, the ratio of the
mean signal and standard deviation were calculated in a uniform matched portion of the
splenium of the corpus callosum.

2.5. DTl geometric distortion assessment in the pons

The differences in geometric distortion between the combined SENSE DTI-OVS approach
and a full-FOV protocol were also analyzed. To accomplish this, three scans summarized in
Table 1 were compared, including the following: DTI-OVS with a 45x45-mm FOV centered
sagittally on the pons (b=1000 mm/s?, six directions); a full-FOV scan with a 210x210-mm
FOV oriented in the same plane; and a T1-weighted image with no diffusion weighting, all
three interpolated to 0.5-mm? in-plane resolutions. The same partial Fourier k-space
percentages and SENSE factors were used for both DTI scans, for a sequence duration of
16m8s.

To quantitatively describe differences in distortion between the scans, deformation-based
morphometry was used [40]. The pons in each of the three image sets was first manually
segmented and a threshold applied to generate a mask that matched the pons shape. The
OVS and full-FOV pons masks were then both aligned with the T1 mask using affine
registration, followed by a non-rigid registration using an adaptive basis algorithm [40] to
transform each to the target T1 pons shape. The x and y displacements for each pixel
location (i,j) calculated by the registration were then used to determine radial displacement,

Ir:
_ 2 2
Tig=\Zi; T @

As a final quantification of the displacement, an average r-value was computed for both the
OVS and full data sets along points at the outer edge of the pons only, with the maximum
displacement also determined. This calculation was repeated across eight subjects, and the
mean displacements were compared to determine the statistical significance of any

Magn Reson Imaging. Author manuscript; available in PMC 2014 July 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Wargo and Gore Page 5

differences between the OVS and full values. FA, ADC, and SNR were also measured in the
pons, with SNR additionally measured in the superior cerebellar peduncle (SCP).

3. Results

3.1. Diffusion property measurement in localized midbrain regions

The T1 anatomical images cropped to the three targeted regions of interest are presented in
Fig. 3, with matching reduced-FOV images using DTI-OVS presented in Figs. 4—-6. Across
all regions and resolutions, no visible fold-over artifacts or modulation of signal intensity
across the reduced-FOV were observed. FOV reductions using OVS diminished matrix sizes
by a factor of 2.6- to 3.4-fold, for a total reduction of 5.2 to 6.8 with a SENSE factor of 2.0.
Geometric distortions were not visibly significant in most of the targeted areas, but were
apparent in the sagittal pons, and at the edge of the frontal cortex. DTI images using OVS
localized a number of prominent fiber tracts and features at the 1.0x1.0-mm? resolution with
diffusion orientations matching expected directions based on anatomy. Identified features
are labeled in each figure, which includes specifically portions of the corpus callosum (CC),
internal and external capsule (IC), optic chiasm (OC), pons, middle and superior cerebellar
peduncles (MCP/SCP), fornix (FN), brain stem, and optic radiation (OR). Improving the
resolution from 2.0 x2.0 to 1.0x1.0 mm? produced no visible additional distortions or
artifacts and improved visualization of a number of tract features, including striations in the
internal capsule limbs, corpus callosum, and optic radiation. Smaller tracts such as the optic
chiasm and branches in the cerebellum became apparent that were difficult to define or not
visible at lower resolution. Hippocampal features were also identified in coronal images,
with sharper pathway boundaries in all areas throughout each image plane.

The measured means and variations in FA and ADC values across all eight subjects are
summarized in Table 2 and Fig. 7 for the regions targeted at both resolutions. Across all
subjects, regions, and resolutions, FA values ranged from 0.299 to 0.825, and ADC spanned
0.9x1073 to 3.0x10~3 mm?/s, for an average FA of 0.583 and ADC of 1.55x1073 mm?/s.
The FA values measured at 1-mm? resolution were 7.6% higher than at 2-mm?
measurements, and the ADC values were 10.6% lower at 1-mm? resolution. The largest
difference in ADC and FA values between the two resolutions occurred in the optic chiasm
(40.2% and 35.6%, respectively). ADC differences between resolutions were statistically
significant (p<0.05) in the optic chiasm, thalamus, transverse and coronal internal capsule,
coronal corpus callosum, and red nucleus. Measured FA differences were likewise
statistically significant in the optic chiasm, transverse thalamus, and the red nucleus. The
remaining regions showed similar trends in relative values at both resolutions. SNR was
12.5% higher in the corpus callosum at 2 mm? versus 1 mm?2, measured at 18.5 and 16.2,
respectively, but this difference was not statistically significant (p=0.11).

3.2. Comparison of measured FA and ADC between localized features

Comparisons of FA and ADC values between 16 independent midbrain regions are
summarized in Fig. 8 for both resolutions. Here, black indicates no statistical difference in
measured values, gray corresponds to a significant difference, and white a highly significant
difference. Each row or column summarizes how each particular region compares to others
measured. Overall, more regions were found to have statistically significant differences in
FA and ADC at the 2-mm? resolution versus 1 mm? (Table 3). Most differed only at the
lower significance threshold (p<0.05), but FA differences were more widespread (>41% of
regions). FA differences were especially distinct for the putamen and thalamus, while ADC
differences were greatest in the red nucleus and middle cerebellar peduncle (MCP).
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3.3. DTl geometric distortion assessment in the pons

Fig. 9 provides a qualitative comparison between the segmented shapes of the pons in the
diffusion-weighted images. Full-FOV images showed more distortion than OVS images,
shifting by a distance that spans half the width of the pons for the subjects presented. This is
demonstrated in the edge displacement map (Fig. 10) that presents the radial displacement at
each edge point in the pons relative to the undistorted T1 shape, with greatest displacement
at the front edge ranging from 0 to 30 pixels. The results across all eight subjects are
summarized in Fig. 11, which shows the average edge and front surface displacements with
and without OVS FOV reduction. Overall, the radial edge displacement was 1.63 times
greater at a shift of 8.2 pixels when using a full-FOV scan, which corresponds to a highly
significant difference (p =2x107°). The front edge demonstrated a greater disparity, with
displacements 2.6 times higher averaging 16.4 pixel offsets for the full case relative to 6.25
pixels for the OVS- reduced FOV (p = 0.002).

Both full- and reduced-FOV DTI data sets of the pons used a SENSE factor of 1.4. An
additional reduction of 4.67 was achieved using OVS for a total reduction in matrix size of
6.5 when accounting for both approaches, and an 8.3 total reduction in echo train length
when including the use of partial Fourier half-scan. As expected, the additional reduction in
phase-encoding steps with OV'S beyond SENSE produced a loss in SNR relative to the full-
FOV scan, measured at 50% in the pons, and 58% in the SCP compared to 46% expected

due to a 4.67 reduction in the phase-encoding FOV alone (1/ \/E). Mean ADC values were
8.8% higher (p = 0.072) and mean FA values were 2.5% lower (p =0.654) when comparing
diffusion properties between the full to the OVS-reduced data.

4. Discussion

Measurements of diffusion properties can identify local fiber orientations and other tissue
characteristics on a voxel level. Such information is important not only to delineate the
broad anatomical organization and connectivity of remote brain regions, but also to provide
a baseline to compare against in the presence of disease and injury. Improving spatial
resolution could be important to further refine the accuracy of characterizing white matter
substructures and the fidelity of derived tractography. Our work is the first study to
demonstrate a qualitative improvement in diffusion images with increased resolution arising
from a combination of the use of ultra-high-field strength (7 T), parallel imaging-based
acceleration, and reduced FOV. The up-to-6.8-fold reduction used here for the three
midbrain planes has been previously demonstrated to result in significant geometry factor
artifacts and SNR losses when implemented using SENSE alone [31,41]. In contrast, the
combination of SENSE and reduced FOV provides a compromise between the imaging size,
distortion level, and SNR. Further localizing measurements to the pons with greater than
eight-fold reduction in echo train length demonstrated the benefit of combining SENSE and
OVS to significantly reduce geometric distortions even while using a single-shot EPI
readout. The compromise in SNR is balanced against the reduced distortion that, in some
areas, is essential. Shortening the echo train length additionally enables for shorter echo
times that can improve SNR for DTI [12]. In this study, the SNR loss was not significant
enough to prevent accurate ADC and FA measurements and demonstration of fiber
orientations in the localized pons.

For the three midbrain areas studied, the differences in diffusion properties found at the two
resolutions qualitatively confirmed that partial volume effects are significant at 2-mm?
resolution, and that at higher resolution, fiber tracts in areas such as the optic chiasm,
regional striation properties, and cerebellum are more clearly separated. This may be
accomplished without significantly and negatively impacting image quality with artifacts or
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increased noise. The improved resolution generates distinct and significant differences in the
measured FA and ADC properties in those areas. Prior studies have indicated that diffusion
values can vary due to differences in voxel size and SNR [30,42,43]; however, SNR was
determined to not be significantly different at the two resolutions imaged here. The
measured SNR values were also above the thresholds of greater than 10 and 15 for ADC and
FA, respectively, as suggested by Choi et al. [31], below which, greater variability is
observed. The FA and ADC values in healthy controls in 16 distinct regions largely
localized to the midbrain were also consistent with those previously published [13,44-47].
The measured differences in parameters between resolutions could impact comparisons
between studies that use unmatched resolutions, as diffusion values vary because of
acquisition differences rather than from biological factors. Our results also provide evidence
for differences between specific anatomical features or tracts, which may vary in fiber
density, orientation, degree of fiber crossing, and the presence of other nuclei or cell types.

Our work shares similarities to prior studies by Heidemann et al [16,28] and von Morze et
al. [28], which that both applied parallel imaging and OVS to improve single-shot EPI
performance for human diffusion MRI at 7 T. Von Morze et al. used ASSET parallel
imaging with a quadratic-phase pulse for OVS, qualitatively describing DWI with EPI in the
brain at a lower 1.8-mm isotropic resolution using two-fold FOV reduction. Heidemann et
al. applied GRAPPA with an asymmetric adiabatic pulse for OVS, achieving a higher 800-
pm isotropic resolution in a larger volume to primarily assess DTI tractography. Relative to
our work using SENSE and a quadratic-phase pulse for OVS, 800 um required a longer scan
time of 65 min, a larger TR of 14 s, and a larger reduced-FOV size of 143x147 mmZ. The 7-
to 16-min scan times described here in a single slice using an FOV as small as 45x45 mm?
enabled imaging of three orientations in each subject at two resolutions to support ADC, FA,
and geometric distortion analysis. An additional compromise in scan time would allow for a
larger number of slices with this design. Overall, the FOV reduction applied using OVS
alone was higher than that achieved previously, at 2.6 to 4.6 versus the prior factor of 1.39 to
1.53 [16]. The smaller reduced-FOV sizes enabled lower SENSE factors and higher overall
reductions to prevent substantial SNR loss from g-factor noise.

Limitations of our approach include the high specific absorption rate (SAR) of the pulses
used for the OV'S preparation, which constrains the scan parameters applied for the study,
limiting the number of slices, TR value, number of diffusion directions, and the minimum
scan duration for a given resolution. Additional improvements using alternate pulse shapes
or angles could help to alleviate these constraints, but have to be balanced against the ability
to sufficiently excite and suppress signal to prevent fold-over artifacts in the localized FOV.
Adiabatic waveforms with a variety of profile shapes offer insensitivity to B1
inhomogeneity for reduced-FOV use [26], but in general, have higher pulse energy than
quadratic-phase pulses [37]. TR values and the number of slices could additionally be
adjusted to enable greater volume coverage, but increase opportunities for motion artifacts,
and constrain the number of scans possible for clinically based protocols. Despite this,
relative to past 3-and 7-T DTI studies using parallel imaging with single-shot EPI and a full
FOV [13,14,31,47], the 1-mm? in-plane resolution achieved corresponds to a significant
improvement with comparable imaging times and diffusion directions.

4. Conclusion

The work presented here demonstrates how outer-volume suppression and parallel imaging
can be combined to reduce the FOV for localized high-resolution diffusion tensor imaging.
In the midbrain, we obtained improved resolution without loss of image quality and with
significantly reduced geometric distortion. A dependence of FA and ADC values on
resolution was demonstrated in a number of areas. The parallel DTI-OVS approach
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described may offer a better strategy for assessing normal and pathological brain properties
based on local diffusion measurements.
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Fig. 1.
Outer-volume suppression (OVS) method for reduced-FOV diffusion tensor imaging scans
using a single-shot EPI readout.
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Fig. 2.
Amplitude and frequency modulation for applied OVS RF pulse.
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Fig. 3.
T1-weighted anatomical images of regions targeted with DTI-OVS. (A) Sagittal midbrain.
(B) Transverse basal ganglia. (C) Coronal midbrain.

Magn Reson Imaging. Author manuscript; available in PMC 2014 July 01.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Wargo and Gore

Page 14

Fig. 4.

Diffusion-weighted OVS transverse basal ganglia images at 2 mmx2 mmx2 mm (A), and 1
mmx1 mmx2 mm (B), showing each diffusion direction for b = 1000 ssmm2and b=0s/
mm? image, ADC map, and color-coded FA map.
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Fig. 5.

Diffusion-weighted OVS coronal hippocampus images at 2 mmx2 mmx2 mm (A) and 1
mmx1 mmx2 mm (B), showing each diffusion direction for b = 1000 ssmm2and b=0s/
mm? image, ADC map, and color-coded FA map.
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Fig. 6.

Diffusion-weighted OVS sagittal brain midline images at 2 mmx2 mmx2 mm (A) and 1
mmx1 mmx2 mm (B), showing each diffusion direction for b = 1000 ssmm2and b=0s/
mm? image, ADC map, and color-coded FA map.
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Measured ADC (A) and FA (B) values in the three targeted planes through the midbrain for
various ROIs selected. Features with green text correspond to the sagittal orientation; red,
the transverse; and blue, coronal. Average values are displayed for both 2- and 1-mm?
resolutions. Those ROIs with significant difference between resolution are indicated with

asterisk (*).
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ADC ROI Difference Matrix (1 mm?2)
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Matrix demonstrating whether FA and ADC values are significantly different when
comparing the averages for the various regions measured. Black indicates no significance
(p>0.05), gray is significant (p<0.05), and white is highly significant (p<0.001) for both

resolutions tested.

Magn Reson Imaging. Author manuscript; available in PMC 2014 July 01.

)

C)
C)

S

G. Corpus Callosum
Internal Capsule (C)
Hippocampus (C)
Corpus Callosum (
Red Nucleus (
MCP (C)
Hippocampus (C)

(



1dussnuein Joyny vd-HIN 1duosnueln Joyny vd-HIN

1duosnuey JoyIny vd-HIN

Wargo and Gore Page 19

Image

Segmented

Threshold

Reduced-FOV DTI Full-FOV DTI Full-FOV T1

Fig. 9.

Processing steps to generate segmented pons masks for distortion analysis: OVS-reduced
DTI, cropped full DTI, and T1-weighted images (A-C), pons manually segmented from
panels A and B (D-F), and threshold pons mask demonstrating its shape (constant value 1
within borders) (G-1).
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Edge Displacement DTI Image

SNR Map
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Fig. 10.

Color-coded FA map of the localized pons for two subjects using reduced-FOV OVS (A, C)
and full FOV (B, D). (E-H) Matching distortion maps, where white mask demonstrates the
outline of undistorted T1 pons, overlaid with the outline of the reduced-FOV and full-FOV
pons edge segmentations. Color scale of edge demonstrates absolute radial displacement for
each edge point. (I-L) SNR maps from diffusion-weighted data with and without OVS FOV
reduction.
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SNR Measurement
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(A) Measured mean radial displacement and average edge displacement in the pons using
reduced-FOV OVS and full FOV. (B) SNR measured in the pons and SCP for both diffusion

data sets. *Significant result (p<0.05).
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Percentage of regions significantly different

Table 3

Property 2 mm?2p<0.05 2mm?p<0.001 1 mm?p<0.05

1 mm?2p<0.001

ADC 70% 25% 55%
FA 73% 53% 66%

16%
41%

Page 24

Percentage of individual regions that demonstrated a statistically significant difference with the remaining 16 regions for both ADC and FA

measurements. Separated to distinguish between significant (p<0.05) and highly significant (p<0.001) thresholds for both resolutions.
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