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Purpose: The estimation of brain volumetric measurements based on Synthetic MRI (SyMRI) is easy and fast,
however, the consistency of brain volumetric and morphologic measurements based on SyMRI and 3D T1WI
should be further addressed. The current study evaluated the impact of spatial resolution on brain volumetric and
morphologic measurements using SyMRI, and test whether the brain measurements derived from SyMRI were
consistent with those resulted from 3D TIWIL

Method: Brain volumetric and fractal analysis were applied to thirty healthy subjects, each underwent four SyMRI
acquisitions with different spatial resolutions (1 x 1 x 2mm, 1 x 1x3mm, 1 x 1 x 4 mm, 2 x 2 x 2 mm) and a
3D TIWI(1 x 1 x 1 mm isotropic). The consistency of the SyMRI measurements was tested using one-way non-
parametric Kruskal-Wallis test and post hoc Dwass-Steel-Critchlow-Fligner test. The association between SyMRI
and 3D T1WI derived measurements was evaluated using linear regression models.

Results: Our results demonstrated that both in- and through-plane resolutions show an impact on brain volu-
metric measurements, while brain parenchymal volume showed high consistency across the SyMRI acquisitions,
and high association with the measurements from 3D T1WI. In addition, SyMRI with 1 x 1 x 4 mm resolution
showed the strongest association with 3D TIWI compared to other SyMRI acquisitions in both volumetric and
fractal analyses. Moreover, substantial differences were found in fractal dimension of both gray and white matter
between the SyMRI and 3D T1WI tissue segmentations.

Conclusions: Our results suggested that the measurements from SyMRI with relatively higher in-plane and lower
through-plane resolution (1 x 1 x 4 mm) are much closer to 3D TIWIL.

1. Introduction

Synthetic MRI (SyMRI) is a simulation technique for generating
synthetic contrast-weighted images based on the measurement of tissue
properties, such as the longitudinal R1 relaxation rate, the transverse R2
relaxation rate, and the proton density (PD) [1,2]. Previous studies have
demonstrated that SyMRI enables easy and fast automatic brain tissue
segmentation and volumetric analysis based on the quantification of R1,
R2 and PD values [3,4]. SyMRI might be of clinical interest for the
following reasons. First, SyMRI is inherently a multi-contrast imaging

technique; therefore, it is much faster to acquire a single session SyMRI
than multi-session conventional MRI. This is particularly important
when multi-modal MRI rather than T1-weighted MRI alone is required
to assess diseases, such as multiple sclerosis [5,6] and brain tumors [7,
8]. Furthermore, using the SyMRI software, we can obtain
multi-contrast images (e.g., T1-, T2-, PD-weighted images), various tis-
sue segmentation maps (e.g., gray matter (GM), white matter (WM),
cerebrospinal fluid (CSF) and myelin (MYE)) and quantitative volu-
metric measures (e.g., brain parenchymal volume (BPV) and intracra-
nial volume (ICV)) in less than 1 min [9], allowing for a much faster
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analysis than the conventional T1-based analysis methods. In addition,
SyMRI is able to produce myelin map which cannot be provided by
T1-based segmentation methods. SyMRI has also shown more accurate
segmentation compared to VBM8 and SPM12 using manual segmenta-
tions as references [10]. Indeed, SyMRI has been used in many clinical
applications, such as the quantification of brain atrophy in neurode-
generative diseases [11,12] and longitudinal modeling of myelin con-
tent in pediatric brain development [13].

The preliminary clinical and research experiences have demon-
strated the potential of SyMRI based brain segmentation approach;
however, the consistency of brain volumetric and morphologic mea-
surements based on SyMRI and 3D T1WI should be further addressed.
Several studies have validated the SyMRI-based brain tissue segmenta-
tion and volumetry by comparisons with manual or automated methods
[14-16]. Specifically, Vagberg et al. [15] compared the SyMRI tissue
segmentations with both the manual and automated segmentation
methods, while only the brain parenchymal fraction (BPF) was per-
formed. Serai et al. [16] made the consistency analysis of GM, WM, CSF
volumes between the SyMRI and 3D T1WI data, while the selection of
spatial resolution of SyMRI acquisition was not taken into consideration.
Previous study indicated that the significant volumetric differences were
noted in most brain tissues when increasing the in-plane resolution from
0.8 mm to 3.6 mm [6]. Fujita et al. [14] compared the latest 3D SyMRI to
the conventional 3D T1WI, and found that 3D SyMRI had a high
scan-rescan repeatability and high agreement with TIWI producing
reliable cortical thickness and volumetric measurements; however, the
results could not extend to the 2D SyMRI and 3D T1WI due to the dif-
ference between 2D and 3D SyMRI sequences. Indeed, the FDA approved
SyMRI is based on a 2D approach and has low through-plane resolution,
the 3D SyMRI is under research and rarely reported (SyMRI refers to 2D
SyMRI in current study without special indication). Hence, it is impor-
tant to validate whether the SyMRI had the similar performance with the
conventional 3D TIWI with 1.0 mm isotropic resolution in brain volu-
metric analysis.

In addition, previous studies [6,17] only demonstrated the impact of
in-plane resolution on the volumetric analysis, yet the impact of slice
thickness / spacing remains unknown. For 2D MRI sequences, there
exists a wide range of choices of slice thickness, usually from 1 mm to
5 mm. When designing the imaging protocols for both research and
clinical use, it is important to identify an optimal spatial resolution that
can balance the trade-off between image acquisition / processing time
and the analysis sensitivity. Furthermore, differences in spatial resolu-
tion could not only induce marked changes in volumetric measurements,
but may also induce changes in the morphologic brain measurements,
which have an important role in brain development and aging research
[18], as well as in studies of the changes in brain structure associated
with medical conditions, such as Alzheimer’s disease [19] and schizo-
phrenia [20]. The impact of spatial resolution in a broad sense, i.e.,
in-plane resolution and slice thickness / spacing, on brain morphology
will need to be investigated, too.

Therefore, this study aims to investigate the impact of spatial reso-
lution on the SyMRI-based brain volumetric and morphologic mea-
surements, and test whether the brain measurements derived from
SyMRI are consistent with those resulted from conventional 3D T1WIL.
To achieve our goals, in current study, volumetric and fractal analyses
were performed to evaluate the differences in brain volumetric and
morphologic measurements, respectively. Moreover, the consistency of
four SyMRI acquisitions were evaluated and further compared them to
the conventional 3D T1WI with 1.0 mm isotropic resolution as the
reference.

2. Material and methods
2.1. Subjects

Thirty healthy subjects (15 males and 15 females; age: 24.6 + 1.2)

European Journal of Radiology 141 (2021) 109782

were prospectively recruited in current study. None of the participants
had a history of neurologic or psychiatric disease. This analysis was
approved by the Institutional Review Board and written informed con-
sent was obtained.

2.2. MRI protocol

A 3 T MRI system (Signa Pioneer, GE Healthcare) with a 32-channel
head coil was used for image acquisition. Each participant underwent
four SyMRI acquisitions with different spatial resolutions as shown in
Table 1. For SyMRI, a two-dimensional multiple-dynamic multiple-echo
(MDME) pulse sequence, comprising four automatically calculated
saturation delay times and two echo times, was applied to acquire the
axial sections. Detailed scan parameters for the MDME sequences were
as follows: TR range, 10,000 ms; TE, 21 and 95 ms; FOV, 25.6 cm; echo
train length, 16; bandwidth =35.71 Hz; acceleration factor = 2;
NEX = 1. Default TE / TR values (10 ms/650 ms) were used for TIW
SyMRI reconstruction. We further acquired 3D TIWI data on the same
cohort using the fast spoiled gradient recalled echo (FSPGR) sequence.
Detailed scan parameters for the 3D TIWI sequence were as follows: TR/
TE/TI = 7.5/3.1/450 ms; FA = 12°; FOV = 25.6; Matrix
size = 256 x 256; Slice thickness = 1 mm; Acceleration factor = 2;
NEX = 1. No fat saturation was applied. The scan time was approxi-
mately 5 min. All synthetic and 3D T1WI data were virtually examined
for artefacts such as ring, blurring, and ghosting on site upon image
acquisition. Images exhibiting these common artefacts were excluded
and subjects with such artefacts were rescanned.

2.3. Brain volumetric analysis

For SyMRI acquisitions, the segmentation and volume estimation of
the brain tissues, including WM, GM, CSF, NON, and myelin (MYE) were
generated automatically using the SyMRI software (v8.0.4, Synthe-
ticMR, Linkoping, Sweden). The BPV was calculated as the sum of WM,
GM and NON and the ICV was calculated as the sum of BPV and CSF [21,
22]. Fig. 1 shows an example of the brain tissue segmentations derived
from a subject using different SyMRI acquisitions. For TIWI data,
FreeSurfer (v6.0.0, http://surfer.nmr.mgh.harvard.edu) generated four
measurements matching the SyMRI measurements: cerebral WM vol-
ume, total GM volume, brain segmentation volume and the estimated
total ICV. Therefore, only these four measurements were compared
between T1WI and SyMRI.

2.4. Fractal analysis

Fractal analysis has recently emerged as a quantitative tool in
neuroscience, which offers a mathematical assessment of the morpho-
logical features, e.g., roughness and geometric complexity, of the brain
[23-25]. Fractal dimension (FD), which is one of the most important
parameters used in fractal analysis, quantifies the morphological
self-similarity of objects and has been applied in neuroimaging research
and clinical applications, such as, the assessment of brain tumors [26],
multiple sclerosis [27], arteriovenous malformations [28], and struc-
tural brain complexity [29]. In our study, FD was computed and used as
an objective measure to compare the morphometry of WM and GM
obtained from different MRI sequences and SyMRI resolutions. The
method for calculating the WM and GM FD was based on the 3D Box
Counting algorithm, which is consistent with previous studies [27,28],
using the following parameters: minimum box size of 1 mm and
maximum box of 100 mm.

2.5. Statistical analysis
To investigate the repeatability of the synthetic MRI, we first per-

formed the Shapiro-Wilk test [30] to assess the normality of the data,
and further performed the one-way non-parametric analysis of variance
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Table 1
Acquisition information of the SyMRI with different spatial resolutions.
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slice spacing (mm)

acquisition matrix number of slices acquisition time

acquisitions in-plane resolution (mm) slice thickness (mm)

1x1x2mm 1.0 x 1.0 2.0 2.0
1 x 1x3mm 1.0 x 1.0 3.0 3.0
1x1x4mm 1.0 x 1.0 4.0 4.0
2 x 2 x2mm 2.0 x 2.0 2.0 2.0

256 x 256 72 11 min 20 s
256 x 256 48 7 min 29 s
256 x 256 36 5 min 40 s
128 x 128 72 5min 28 s

1 x 1 x 2 mm: Synthetic MRIwith 1 x 1 x 2 mm resolution; 1 x 1x3mm: Synthetic MRI with 1 x 1x3mm resolution; 1 x 1 x 4 mm: Synthetic MRIwith 1 x 1 x 4 mm

resolution; 2 x 2 x 2 mm: Synthetic MRI with 2 x 2 x 2 mm resolution.

Coronal Zoomed-in Brain MRI

Sagittal Axial

T1 FSPGR

sy113 sy112
sy113 sy112

sy114
Sy114

sy222

(a) An example of T1 FSPGR and SyMRlI of the same subject.

CSF Map

Myelin Map NoN GM/WM/CSF Map

(b) The brain tissue segmentation maps of SyMRI with different spatial resolutions.

Fig. 1. (a) Comparison of T1 FSPGR and SyMRI of the same subject in different views, including coronal, sagittal, axial (the source), and the zoomed-in axial views.
(b) The synthetic T;-weighted MRI and the brain tissue segmentation maps (WM, GM, CSF, NON and MYE) acquired from a subject with four different SyMRI
acquisitions including 1 x 1 x 2 mm, 1 x 1x3mm, 1 x 1 x 4 mm and 2 x 2 x 2 mm resolutions.

(ANOVA) using the Kruskal-Wallis test [31] to validate that the samples
follow the same distribution. If the p-value suggested rejection of the
null hypothesis that the population medians of all the groups were equal,
then the post hoc pair-wise Dwass-Steel-Critchlow-Fligner (DSCF) tests
[32] were performed to identify the groups that differed in their me-
dians. A two-sided p-value < .05 was considered significant.

To compare the SyMRI acquisitions with TIWI, linear regression
model and R? values were used to evaluate the correlation between the
volumetric measurements extracted from different acquisitions (perfect
association R? = 1; strong association R? > 0.8; meaningful association:
R? > 0.5; no association R? = 0). All the test methods and the linear
regression model were implemented in the SciPy (https://www.scipy.
org/) and scikit-posthocs packages (https://pypi.org/project/scikit-
posthocs/).

3. Results
3.1. Impact of spatial resolution

The distributions of the volumetric and morphologic measurements
derived from the four SyMRI acquisitions are shown in Fig. 2. With
different colors indicating different subjects. Most distributions passed
the Shapiro-Wilk normality test, except for the CSF volumes (p < .01 for
1x1x2mm, 1x1x3mm and 1x1x4mm; p < .05 for 2x2x2mm) and the
NON (p < .001 for 2x2x2mm). Although CSF and NON volumes failed
the normality test, they were included in the following analysis using the
Kruskal-Wallis and DSCF tests, which support both normal and non-
normal distributions.

The Kruskal-Wallis and DSCF test results on the SyMRI volumetric
measurements are shown in Table 2. No significant differences were
found in the CSF volume, BPV and ICV using the one-way non-para-
metric Kruskal-Wallis test. However, significant differences were found
in WM (p < .05), GM (p < .05), NON (p < .001) and MYE (p < .01)
volumes. The post hoc analysis of these measurements using the DSCF

test suggested that the differences were mostly found between SyMRI
with 2x2x2mm resolution and other acquisitions (2x2x2mm vs.
1x1x4mm in GM and MYE volumes; 2x2x2mm vs. all the other SyMRI
acquisitions in NON volumes). We also found moderate but significant
difference between SyMRI with 1x1x2mm and 1x1x4mm resolutions in
NON and MYE volumes (p < .05).

We further tested the differences in morphologic measurements be-
tween different SyMRI acquisitions. Table 3 shows the results of the
Kruskal-Wallis and DSCS tests on WM- and GM-FD values. No significant
differences were found between SyMRI acquisitions in WM or GM
morphology.

3.2. Comparison with T1-weighted MRI

Fig. 3 shows the scatter plots of the volumetric measurements
derived from SyMRI against those from T1WI. The linear trend lines are
also plotted with R? values indicating the degree of association between
variables.

All the SyMRI acquisitions showed positive correlation with TIWI,
achieving the strongest agreement in BPV (R? range: 0.89 — 0.96), fol-
lowed by ICV, which also showed strong and almost strong association
(R? range: 0.76 — 0.80). However, there was a high variability between
the SyMRI and T1WI in the WM volume (R? range: 0.44 — 0.87) and GM
volume (R2 range: 0.44 - 0.80).

Overall SyMRI with 1 x 1 x 4 mm resolution achieved the highest
association with T1WI on the WM volume (R? = 0. 87), GM volume (R?=
0.80) and BPV (R2 0.96); and SyMRI with 2 x 2 x 2 mm resolution, on
the contrary, had the lowest association with TIWI on these measure-
ments. We note that SyMRI with 2 x 2 x 2 mm resolution achieved the
highest association with T1WI on ICV R% = 0.80), but the R? difference
to other SyMRI acquisitions was only marginal.

Fig. 4 shows the scatter plots of the morphologic measurements
derived from SyMRI against those from T1WIL The GM-FD (R? range:
0.44 — 0.72) was preserved better than the WM-FD (R? range: 0.14 —
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Fig. 2. Distributions of the brain volumetric measurements (a-g) and morphologic measurements (h, i) derived from four SyMRI acquisitions.

0.67) in SyMRI acquisitions; however, neither of them showed strong
association with TIWI. SyMRI with 1 x 1 x 4 mm resolution again
showed the highest association with T1WI, whereas SyMRI with
2 x 2 x 2 mm resolution had the lowest association with TIWI in both
WM-FD and GM-FD.

4. Discussion

Volumetric MRI protocols have been recommended to assess neuro-
inflammatory and -degenerative conditions [19,33]. Indeed, SyMRI has
been used in the quantification of brain atrophy in multiple sclerosis [5,
6] and Alzheimer’s diseases [11,12]. In particular, SyMRI enables the
quantification of myelin content, which is a key component of the
central nervous system, facilitating electrical conduction in neural cir-
cuits and providing trophic support for axons [22]. Myelination is the
last stage of WM development, and delayed myelination is shown in
children with development delay [13]. It would be a very good use case
for SyMRI to provide more types of tissue maps as well as more accurate
and faster volumetric and morphological measures to assist these
research and clinical applications.

In this study, we tested the consistency of SyMRI acquisitions with
different spatial resolutions and compared them to the conventional
T1WI in volumetric and fractal analyses. Among all the tested volu-
metric measurements, BPV showed high consistency across the SyMRI
acquisitions, and high association with the T1WI measurements,
implying a potential of SyMRI in brain development and aging research
and the assessment of neurodegenerative and neuro-inflammatory dis-
orders [19,33]. SyMRI with 1 x 1 x 4 mm resolution showed the
strongest association with T1WI in both volumetric and fractal analyses.

However, substantial morphological differences were found between
SyMRI and T1WI when comparing their tissue segmentations, indicating
that the SyMRI based on 2D MDME sequence and the 3D T1-FSPGR
could not produce comparable results with the FD-based morpholog-
ical assessment used in this study.

Among the four distinct SyMRI acquisitions, no significant differ-
ences were found in the CSF volume, BPV and ICV, or in WM-FD and
GM-FD, which indicates high consistency of these measurements and
robustness of SyMRI for various spatial resolutions. However, significant
differences were observed between SyMRI with 2 x 2 x 2 mm resolution
and other SyMRI acquisitions in WM (p < .05), GM (p < .05), NON (p <
.001) and MYE (p < .01) volumes, demonstrating the impact of in-plane
resolution (2x2mm vs. 1x1mm) on the volumetric measurements — the
2x2x2mm protocol was at least twice the volume of the other evaluated
SyMRI protocols. This finding aligns with previous studies [6,17]. We
further identified moderate but significant differences in NON and MYE
volumes when comparing SYMRI with1 x 1 x 2mmand1 x 1 x 4 mm
resolutions, which implies that the changes in slice thickness / spacing
are an important factor in brain volumetric analyses and may induce
substantial differences to the analysis results. Lower associations in the
FD values between different acquisitions show that whereby loss of
small details does not significantly impact the total volume amount, the
computation of irregularity and roughness of the WM and GM can be
affected in a considerable way.

All the SyMRI acquisitions showed positive correlation with TIWI in
both volumetric and fractal analyses, and consistently achieved a high
association with TIWI in BPV (R? > 0.89) and ICV (R? > 0.75). With
regard to BPV, the results of both high consistency across the SyMRI
acquisitions, and association with the T1WI implies a strong potential
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Table 2
Kruskal-Wallis and DSCF test results on SyMRI volumetric measures.
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Volume Kruskal-Wallis Test Pairwise Comparison using DSCF Test
1 x 1x3mm 1x1x4mm 2 x 2 x 2mm
1 x1x2mm 0.49 0.06 0.90
WMV 0.03 1 x 1x3mm - 0.73 0.73
1x1x4mm - - 0.20
1 x 1x3mm 1 x1x4mm 2 x 2 x 2mm
. 1x1x2mm 0.90 0.90 0.13
oMV 0.01 1 x 1x3mm - 0.74 0.25
1x1x4mm - - 0.02*
1 x 1x3mm 1 x1x4mm 2 x 2 x 2mm
1x1x2mm 0.90 0.90 0.34
CSF 0.20 1 x 1x3mm - 0.90 0.63
1x1x4mm - - 0.44
1 x 1x3mm 1x1x4mm 2 x 2 x 2mm
1x1x2mm 0.42 0.03* 0.01*
dededk
NON <001 1 x 1x3mm - 0.77 0.001%*
1x1x4mm - - 0.001**
1 x 1x3mm 1x1x4mm 2 x 2 x2mm
1x1x2mm 0.90 0.04* 0.67
ek
MYE 0.002 1 x 1x3mm - 0.17 0.52
1x1x4mm - - 0.001**
1 x 1x3mm 1x1x4mm 2 x 2 x2mm
1x1x2mm 0.90 0.87 0.90
BPV 0.55 1 x 1x3mm - 0.77 0.90
1x1x4mm - - 0.65
1 x 1x3mm 1 x1x4mm 2 x 2 x 2mm
1x1x2mm 0.90 0.83 0.78
ey 0.57 1 x 1x3mm - 0.90 0.86
1x1x4mm - - 0.90

WMV: white matter volume; GMV: gray matter volume; CSF: cerebrospinal fluid; NON: non-white matter/gray matter/CSF tissue; MYE: myelin; BPV: brain paren-
chymal volume; ICV: intracranial volume. 1 x 1 x 2 mm: Synthetic MRI with 1 x 1 x 2 mm resolution; 1 x 1x3mm: Synthetic MRI with 1 x 1x3mm resolution;
1 x 1 x 4 mm: Synthetic MRI with 1 x 1 x 4 mm resolution; 2 x 2 x 2 mm: Synthetic MRI with 2 x 2 x 2 mm resolution. *p < 0.05; **p < 0.01; ***p < 0.001.

Table 3
Kruskal-Wallis and DSCF test results on WM and GM FD values of SyMRI.

Fractal Dimension Kruskal-Wallis Test

Pairwise Comparison using DSCF Test

1x1x2mm

WM-FD 0.06 1 x 1x3mm
1x1x4mm
GM-FD 0.78 Lx1>x2mm

1 x 1x3mm
1x1x4mm

1 x 1x3mm 1x1x4mm 2 x 2 x2mm
0.15 0.25 0.16
- 0.90 0.90
- - 0.90
1 x 1x3mm 1x1x4mm 2 x 2 x 2mm
0.90 0.82 0.90
- 0.90 0.90
- - 0.90

WM-FD: white matter-fractional dimension; GM-FD: gray matter-fractional dimension; DSCF: Dwass-Steel-Critchlow-Fligner test; 1 x 1 x 2 mm: Synthetic MRI with
1 x 1 x 2mm resolution; 1 x 1x3mm: Synthetic MRI with 1 x 1x3mm resolution; 1 x 1 x 4 mm: Synthetic MRI with 1 x 1 x 4 mm resolution; 2 x 2 x 2 mm: Synthetic

MRI with 2 x 2 x 2 mm resolution.

for the use of SyMRI in BPV-related research and clinical applications
[34-36]. In addition, the highest association was found between SyMRI
with 1 x 1 x 4 mm resolution and T1WI, which might be explained by
the trade-off between the signal to noise ratio (SNR) and the slice
thickness [37]. As the slice thickness increases from 2 mm/3 mm-4 mm,
the R? values for WMV, GMV, WM-FD and GM-FD also increases. The
1 x 1 x 4 mm resolution is indeed the manufacturer suggested protocol,
implying that SNR might have been a contributing factor of the default
scanner protocol. However, there is high variability in WM and GM
measurements across the SyMRI acquisitions compared to TIWI, e.g.,
marked differences were found between SyMRI with 1 x 1 x 4 mm
resolution and T1WI as well as SyMRI with 2 x 2 x 2 mm resolution and
T1WI in the WM volume (0.87 vs. 0.44), GM volume (0.80 vs. 0.44),
WM-FD (0.67 vs. 0.14) and GM-FD (0.72 vs. 0.44). Such a high vari-
ability indicates a strong impact of spatial resolution on the volumetric
and morphologic analysis, which further evidences our
above-mentioned findings. Further, the SyMRI software can produce
tissue segmentations with very short processing time (16 s), while it
takes FreeSurfer 8 h to segment the tissues from T1WI and quantify the
tissue volume on a powerful workstation with Intel Core i9—8950 CPU

and 32GB memory. Therefore, SyMRI, in the cases that multi-contrast
weighted images are needed, may save time for image acquisition, and
also reduce the time for tissue segmentation and volumetric analysis.
The relatively low association between SyMRI and T1WI in fractal
analysis further indicates that there is a substantial difference between
the SyMRI tissue segmentations and the FreeSurfer generated segmen-
tations. The differences in the WM and GM segmentations may be
attributable to three reasons. Firstly, in this study, the TIWI used an
isotropic resolution of 1 mm, which was higher than that of the SyMRI
acquisitions; therefore, the TIWI might have captured more structural
details of the brain. Secondly, the tissue components from SyMRI and
T1WI were computed differently. For SyMRI, the tissue ratio in each
voxel was computed based on a predefined lookup grid to relate the
tissue type to the Ry - Ry - PD space [21,22], whereas the tissue seg-
mentations from T1WI were calculated based on the voxel intensity
using FreeSurfer. In addition, the NON component in SyMRI, is not
captured by FreeSurfer and its anatomical basis and physiological
implication is still unclear. Thirdly, as demonstrated by Fujita et al. [14],
FreeSurfer could be applied to SyMRI; however, they only used Free-
Surfer for cortical thickness analysis, and their SyMRI used a higher
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(a) WM Volume: SyMRI (1x1x2mm) vs. TIWI (b) WM Volume: SyMRI (1x1x3mm) vs. T1WI
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(c) WM Volume: SyMRI (1x1x4mm) vs. TIWI (d) WM Volume: SyMRI (2x2x2mm) vs. TIWI
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Fig. 3. Scatterplots of volumetric measurements from SyMRI compared with conventional T;-weighted MRI. (a-d): WM volume; (e-h): GM volume; (i-1): BPV; (m-

p): ICV.

resolution (isotropic 1 mm) than the sequences used in this study. Due to
the limitation of the algorithm and the poor contrast between GM and
WM in the brainstem, FreeSurfer tends to produce larger WMV than
SyMRI. We therefore chose to not use FreeSurfer or other popular seg-
mentation methods on SyMRI, such as FSL [38], SPM [39], ANTs [40],
on SyMRI in order not to lose the inherent advantage of SyMRI in
automated tissue segmentation.

Although our current study highlighted some key results, several
limitations were noteworthy. First, a limited sample size was applied,
which may influence the statistical power of our data. Second, our re-
sults were derived from a 3.0 T MRI scanner in one site, multi-site large
dataset acquired from both 1.5 and 3 T MRI scanners should be
considered in future. Last but not least, our current study was focused on
healthy subjects, future studies should take the patients into consider-
ation, and investigate its clinical diagnosis value.

5. Conclusions

In conclusion, our results suggested that the SyMRI with relatively
higher in-plane and lower through-plane resolution (1 x 1 x 4 mm) may

have higher clinical applicability due to its higher SNR and shorter
acquisition time; and also its volumetric and morphological measure-
ments are much closer to conventional 3D TIWI.
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