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a b s t r a c t

We provide a comprehensive diffusion MRI dataset acquired with a
novel biomimetic phantom mimicking human white matter. The
fiber substrates in the diffusion phantom were constructed from
hollow textile axons (“taxons”) with an inner diameter of
11.871.2 µm and outer diameter of 33.572.3 µm. Data were
acquired on the 3 T CONNECTOM MRI scanner with multiple dif-
fusion times and multiple q-values per diffusion time, which is a
dedicated acquisition for validation of microstructural imaging
methods, such as compartment size and volume fraction mapping.
Minimal preprocessing was performed to correct for susceptibility
and eddy current distortions. Data were deposited in the XNAT
Central database (project ID: dMRI_Phant_MGH).
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Specifications Table

Subject area Neuroimaging

More specific subject area Diffusion MRI
Type of data MRI data
How data was acquired 3 T MRI, Siemens CONNECTOM
Data format NIfTI
Experimental factors No special treatment was performed before the experiment.
Experimental features Data were minimally preprocessed to correct for susceptibility and eddy

current distortions.
Data source location Boston, Massachusetts, USA
Data accessibility Data is deposited in the XNAT Central database (https://central.xnat.

org), Project ID: dMRI_Phant_MGH
Related research article Fan, Q., Nummenmaa, A., Wichtmann, B., Witzel, T., Mekkaoui, C.,

Schneider, W., Wald, L.L., Huang, S.Y., Validation of diffusion MRI esti-
mates of compartment size and volume fraction in a biomimetic brain
phantom using a human MRI scanner with 300mT/m maximum gradient
strength. Neuroimage. (2018). doi:10.1016/j.neuroimage.2018.01.004

Value of the data

� The Connectome scanner at the MGH Martinos Imaging Center is equipped with up to 300mT/m
gradient strength for in vivo human imaging, which is the first of the three installed so far
worldwide, and thus access to the system is extremely limited.

� The Connectome system provides seven-fold higher gradient strength for diffusion encoding than
state-of-art clinical scanners, which pushes upon the limits of diffusion resolution and provides
unpreceded opportunity for microstructural imaging using diffusion MRI.

� A biomimetic phantom mimicking human white matter was used to acquire the data, which to our
best knowledge is the only existing prototype that is constructed with both intra- and extra-cel-
lular compartments with known inner diameter, to provide a more realistic standard for diffusion
MRI measurements of axon diameter and related microstructural metrics.

� Our data was acquired with a comprehensive imaging protocol of about 40 hours of scanning time,
which can be analyzed in multiple ways and allows great flexibility for other researchers to test
their own algorithms.

� Two datasets were provided, corresponding to Connectome and Prisma capabilities respectively,
which can provide insight into the impact of gradient strength on the performance of diffusion MRI
methods to be tested by other researchers.

1. Data

The motivation of this dataset was to validate estimates of compartment size and volume fraction
using a biomimetic brain phantom constructed from hollow polypropylene yarns with known dia-
meter. We acquired a comprehensive set of diffusion MRI measurements in the phantom using
multiple gradient directions, diffusion times and gradient strengths on a human MRI scanner
equipped with gradient strengths up to 300 mT/m.
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2. Experimental design, materials, and methods

2.1. Phantom composition

The fiber substrates in the diffusion phantom were constructed from hollow multifilament poly-
propylene yarns to generate textile axons (“taxons”) with an inner diameter of 11.871.2 µm and outer
diameter of 33.572.3 µm [1] (Psychology Software Tools, Inc., Sharpsburg, Pennsylvania). The taxons
were arranged in parallel within a 3D-printed taxon holder with rectangular chambers. Each of the
chambers was built with fixed width and varying depths (i.e., 10 to 25mm in Fig. 1) to achieve dif-
ferent fiber packing densities along the length of the fiber bundle. Fiber crossings of 90°, 45° and 30°
were also created by interleaving the polypropylene filaments in separate 3D printed placeholders.
See [2] for further information on phantom composition.

2.2. MRI experiments

All scans were performed on the Siemens 3 T CONNECTOM MRI system with maximum gradient
strength of 300mT/m using a Siemens product 20-channel head-neck coil. A series of 2-mm isotropic
resolution axial diffusion-weighted spin echo echo planar images (EPI) were acquired in the phantom
using the following parameters: TR/TE ¼ 4100/110ms, gradient strength Gmax ¼ 300mT/m and
80mT/m respectively for the Gmax¼300mT/m dataset and the Gmax¼80mT/m dataset, with a fixed
diffusion gradient pulse duration δ ¼ 8ms. Diffusion times of Δ ¼ 20, 30, 40, and 50 ms were
sampled, which correspond to mean diffusion displacements of 9–15 μm, respectively, assuming an
intrinsic diffusivity of 2.2×10-9 m2/s. Data were collected with 256 non-collinear diffusion-encoding
gradient directions, which were evenly distributed on a sphere, with 20 interspersed b¼0 images. For
each diffusion time in the Gmax¼300mT/m dataset, the gradient strength linearly varied from 24 to
300mT/m to produce b-values ranging between 50 to 18,250 s/mm2, and for the Gmax¼80mT/m
dataset, the gradient strength ranges from 17 to 80mT/mwith a range of b-value of 50 to 1400 s/mm2

(Fig. 2, Table 1). Data were acquired in both anterior to posterior and posterior to anterior phase
encoding directions to correct for image distortions due to susceptibility artifact. The total acquisition
time was 38 h. Other imaging parameters included a field-of-view of 256×256mm, partial Fourier of
6/8, and receive bandwidth of 1148Hz/pixel. A regular non-accelerated EPI sequence was used to
minimize parallel imaging artifact.

Fig. 1. Illustration of the design of a representative taxon holder. The rectangular chamber has a fixed width but varying depth
along the length of the chamber, such that the packing density decreases as the depth of the chamber increases.
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The shared data has been minimally preprocessed to correct for distortions due to gradient
nonlinearity, susceptibility effects, B0 drift, and eddy currents [3–5]. Due to the length of the phantom
scan (about a day), the static magnetic field (B0) drifts due to hardware heating during the scan
resulted in small image displacements along the phase encoding direction, which mimicked head
motion [6]. To address this issue, the first b¼0 image of all individual shells (i.e., for each q-value)
were concatenated and used for a joint field map estimate using TOPUP [7,8], where image dis-
placements due to B0 drift were modeled in the same way as head motion. Eddy current correction
was performed using the EDDY [3] tool in FSL.

Fig. 2. Exemplary diffusion weighted MR images. A representative axial slice through the center of the diffusion module of the
phantom is shown. Diffusion-sensitizing gradients were applied perpendicular to the plane shown. The Gmax¼300mT/m
dataset is shown in the upper panel and the Gmax¼80mT/m dataset in the lower panel.
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Table 1
Diffusion MR experiment parameters.

Gmax ¼ 300 mT/m

Diffusion Time Shell No.

1 2 3 4 5 6 7 8

Δ ¼ 20 ms G ¼ 25 mT/m G ¼ 62 mT/m G ¼ 101 mT/m G ¼ 140 mT/m G ¼ 176 mT/m G ¼ 215 mT/m G ¼ 253 mT/m G ¼ 291 mT/m
q ¼ 0.009 μm-1 q ¼ 0.021 μm-1 q ¼ 0.034 μm-1 q ¼ 0.048 μm-1 q ¼ 0.060 μm-1 q ¼ 0.073 μm-1 q ¼ 0.086 μm-1 q ¼ 0.099 μm-1

b ¼ 50 s/mm2 b ¼ 300 s/mm2 b ¼ 800 s/mm2 b ¼ 1500 s/mm2 b ¼ 2450 s/mm2 b ¼ 3650 s/mm2 b ¼ 5050 s/mm2 b ¼ 6650 s/mm2

Δ ¼ 30 ms G ¼ 28 mT/m G ¼ 63 mT/m G ¼ 100 mT/m G ¼ 139 mT/m G ¼ 177 mT/m G ¼ 215 mT/m G ¼ 252 mT/m G ¼ 290 mT/m
q ¼ 0.010 μm-1 q ¼ 0.022 μm-1 q ¼ 0.034 μm-1 q ¼ 0.047 μm-1 q ¼ 0.060 μm-1 q ¼ 0.073 μm-1 q ¼ 0.086 μm-1 q ¼ 0.099 μm-1

b ¼ 100 s/mm2 b ¼ 500 s/mm2 b ¼ 1250 s/mm2 b ¼ 2400 s/mm2 b ¼ 3900 s/mm2 b ¼ 5750 s/mm2 b ¼ 7950 s/mm2 b ¼ 10500 s/mm2

Δ ¼ 40 ms G ¼ 24 mT/m G ¼ 64 mT/m G ¼ 101 mT/m G ¼ 139 mT/m G ¼ 176 mT/m G ¼ 215 mT/m G ¼ 252 mT/m G ¼ 291 mT/m
q ¼ 0.008 μm-1 q ¼ 0.022 μm-1 q ¼ 0.034 μm-1 q ¼ 0.047 μm-1 q ¼ 0.060 μm-1 q ¼ 0.073 μm-1 q ¼ 0.086 μm-1 q ¼ 0.099 μm-1

b ¼ 100 s/mm2 b ¼ 700 s/mm2 b ¼ 1750 s/mm2 b ¼ 3250 s/mm2 b ¼ 5300 s/mm2 b ¼ 7850 s/mm2 b ¼ 10850 s/mm2 b ¼ 14350 s/mm2

Δ ¼ 50 ms G ¼ 26 mT/m G ¼ 63 mT/m G ¼ 101 mT/m G ¼ 139 mT/m G ¼ 177 mT/m G ¼ 215 mT/m G ¼ 253 mT/m G ¼ 291 mT/m
q ¼ 0.009 μm-1 q ¼ 0.021 μm-1 q ¼ 0.034 μm-1 q ¼ 0.047 μm-1 q ¼ 0.060 μm-1 q ¼ 0.073 μm-1 q ¼ 0.086 μm-1 q ¼ 0.099 μm-1

b ¼ 150 s/mm2 b ¼ 850 s/mm2 b ¼ 2200 s/mm2 b ¼ 4150 s/mm2 b ¼ 6750 s/mm2 b ¼ 9950 s/mm2 b ¼ 13800 s/mm2 b ¼ 18250 s/mm2

Gmax ¼ 80 mT/m

Diffusion Time Shell No.

1 2 3 4 5 6 7

Δ ¼ 20 ms G ¼ 25 mT/m G ¼ 36 mT/m G ¼ 50 mT/m G ¼ 62 mT/m G ¼ 71 mT/m G ¼ 80 mT/m
q ¼ 0.009 μm-1 q ¼ 0.012 μm-1 q ¼ 0.017 μm-1 q ¼ 0.021 μm-1 q ¼ 0.024 μm-1 q ¼ 0.027 μm-1

b ¼ 50 s/mm2 b ¼ 100 s/mm2 b ¼ 200 s/mm2 b ¼ 300 s/mm2 b ¼ 400 s/mm2 b ¼ 500 s/mm2

Δ ¼ 30 ms G ¼ 20 mT/m G ¼ 28 mT/m G ¼ 40 mT/m G ¼ 50 mT/m G ¼ 60 mT/m G ¼ 69 mT/m G ¼ 80 mT/m
q ¼ 0.007 μm-1 q ¼ 0.010 μm-1 q ¼ 0.014 μm-1 q ¼ 0.017 μm-1 q ¼ 0.020 μm-1 q ¼ 0.024 μm-1 q ¼ 0.027 μm-1

b ¼ 50 s/mm2 b ¼ 100 s/mm2 b ¼ 200 s/mm2 b ¼ 300 s/mm2 b ¼ 450 s/mm2 b ¼ 600 s/mm2 b ¼ 800 s/mm2

Δ ¼ 40 ms G ¼ 17 mT/m G ¼ 30 mT/m G ¼ 38 mT/m G ¼ 51 mT/m G ¼ 59 mT/m G ¼ 70 mT/m G ¼ 80 mT/m
q ¼ 0.006 μm-1 q ¼ 0.010 μm-1 q ¼ 0.013 μm-1 q ¼ 0.018 μm-1 q ¼ 0.020 μm-1 q ¼ 0.024 μm-1 q ¼ 0.027 μm-1

b ¼ 50 s/mm2 b ¼ 150 s/mm2 b ¼ 250 s/mm2 b ¼ 450 s/mm2 b ¼ 600 s/mm2 b ¼ 850 s/mm2 b ¼ 1100 s/mm2

Δ ¼ 50 ms G ¼ 22 mT/m G ¼ 30 mT/m G ¼ 40 mT/m G ¼ 50 mT/m G ¼ 60 mT/m G ¼ 70 mT/m G ¼ 81 mT/m
q ¼ 0.007 μm-1 q ¼ 0.010 μm-1 q ¼ 0.014 μm-1 q ¼ 0.017 μm-1 q ¼ 0.020 μm-1 q ¼ 0.024 μm-1 q ¼ 0.027 μm-1

b ¼ 100 s/mm2 b ¼ 200 s/mm2 b ¼ 350 s/mm2 b ¼ 550 s/mm2 b ¼ 800 s/mm2 b ¼ 1050 s/mm2 b ¼ 1400 s/mm2
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