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In order to further our understanding of brain function and
the underlying networks, more advanced diffusion weighted
magnetic resonance imaging (DWI MRI) data are essential. Here we present freely available high-resolution multishell multi-directional 3 Tesla (T) DWI MRI data as part
of the ‘Amsterdam Ultra-high ﬁeld adult lifespan database’
(AHEAD). The 3T DWI AHEAD dataset include 1.28mm
isotropic whole brain DWI data of 49 healthy adult participants between 18 and 90 years old. The acquired data include DWIs at three non-zero b-values (48 directions, b-value
700 s/mm2 ; 56 directions, b-value 1000 s/mm2 ; 64 directions, b-value 1600 s/mm2 ) including a total of twelve volumes with a b-value of 0 s/mm2 (b0 volumes). In addition,
eight b0 volumes with a reversed phase encoding direction were acquired to correct for distortions. To facilitate future use, the DWI data have been denoised, corrected for
eddy currents, susceptibility-induced off-resonance ﬁeld distortions, bias ﬁelds, and are skull stripped.
© 2022 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Speciﬁcations Table
Subject
Speciﬁc subject area
Type of data
How data were acquired
Data format
Parameters for data collection

Description of data collection

Data source location

Psychology
Neuroscience: Cognitive
Table
MRI DWI data
Philips 3T Ingenia CX MRI scanner using a dStream 32 channel receiver head coil.
Preprocessed
Multi-shell (b700, b1000, b1600) multi-directional (resp. 48, 56 and 64
directions) with twelve b0 volumes, 1.28 mm isotropic resolution 3T diffusion
MRI data. To correct for susceptibility-induced off-resonance ﬁeld distortions
eight b0 volumes with reversed phase encoding where acquired.
As part of a larger data-collection effort, 54 healthy participants between the age
of 18 and 90 were scanned on a 3T MRI scanner in the period of April 2019 and
August 2020. The data acquisition took approximately an hour and included
three diffusion weighted sequences: (1) 48 directions with a b-value of 700, (2)
56 directions with a b-value of 10 0 0, and (3) the 64 directions with a b-value of
1600. To bypass memory limitations, the third sequence was split into two
different volumes, each with 32 directions. The diffusion weighted sequences
included twelve volumes with a b-value of 0. To enable the correction of
susceptibility-induced off-resonance ﬁeld distortions, eight additional volumes
with a b-value of 0 were acquired with a reversed phase-encode direction. Due
to technical issues, data of ﬁve participants were corrupted or incomplete.
The ﬁnal 3T DWI dataset contains data 49 participants and can be combined
with previously published high-resolution multi-parameter 7T structural MRI
data [1].
Institution: Spinoza Center for Neuroimaging (https://www.spinozacentre.nl)
City: Amsterdam
Country: The Netherlands
Latitude and longitude for collected data: 52°17 31.8 N 4°57 26.3 E
(continued on next page)
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Data accessibility

Related research article
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Repository name: ﬁgshare.com
Data identiﬁcation number: N.a.
Direct URL to data: https://uvaauas.ﬁgshare.com/projects/A_high-resolution_
multi-shell_3T_diffusion_magnetic_resonance_imaging_dataset_as_part_of_the_
Amsterdam_Ultra-high_ﬁeld_adult_lifespan_database_AHEAD_/125377
Direct URL to the MRI exam card parameters used to acquire the data:
DOI 10.17605/OSF.IO/ZVXHW
Direct URL to the code used to process the data:
DOI 10.17605/OSF.IO/ZVXHW
Alkemade, A., Mulder, M., Groot, J., Isaacs, B., van Berendonk, N., Lute, N.,
Isherwood, S., Bazin, P.-L., & Forstmann, B. U. (2020). The Amsterdam Ultra-high
ﬁeld adult lifespan database (AHEAD): A freely available multimodal 7 Tesla
submillimeter magnetic resonance imaging database. NeuroImage, 221, 117200.

Value of the Data
• The dataset entails a high-resolution multi-shell multi-directional 3T DWI acquisition that
can be combined with multi-contrast 7T ultra-high ﬁeld (UHF) structural MRI scans of the
same participants that have already been made freely available.
• The dataset is relevant and freely available for researchers interested in structural networks
in the healthy brain across the adult lifespan, as well as researchers interested in normative
control groups for clinical cohorts.
• The DWI have been pre-processed with the following steps: denoising, eddy current correction, topup correction, N4 bias ﬁeld correction, and skull stripping.
• The freely available dataset follows the Brain Imaging Data Structure (BIDS) speciﬁcation and
therefore supports the ease of future use.

1. Data Description
As part of a larger data-collection effort,54 healthy participants between the age of 18 and
90 were scanned on a 3T MRI scanner in the period of April 2019 and August 2020. The DWI
data included three diffusion weighted sequences: (1) 48 directions with a b-value of 700, (2)
56 directions with a b-value of 10 0 0, and (3) the 64 directions with a b-value of 1600. The directional resolutions are provided in the bvec ﬁles per sequence and are further explained in
Table 2. Each diffusion-weighted scan was preceded by two b0 scans that were later used with
topup to correct for susceptibility-induced off-resonance ﬁeld distortions. The b70 0, b10 0 0, and
b1600 scans have identical acquisition parameters to the separate b0 scans except an inverted
Table 1
Demographic information including the number of female and male participants per age group for whom diffusionweighted data was acquired. All participants underwent a previous 7T structural MRI session which is described in [1].
The average interval between the 7T structural MRI session and the 3T DWI session was 2.35 years (std. 0.23). The age
group membership is based on the age at diffusion-weighted data acquisition and could therefore differ from the age
group in the initial 7 Tesla structural data release.
Age Group (years)

Female

Male

Total

18-30
31-40
41-50
51-60
61-70
71-80
81-90

6
3
3
6
6
3
0

6
4
2
4
3
2
1

12
7
5
10
9
5
1

Total

27

22

49
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Table 2
A short description of the shared ﬁles. Each of the 49 participants has a single folder which contains ﬁve different ﬁles:
a binary brain mask, the processed DWI data in NIfTI format with the corresponding bvals and bvecs ﬁles, and a text
ﬁle containing the demographic information.
Participant ID

Data Type

Filename

Description

sub-{id number}

dwi

sub-{id number}_ses-03_
dwi_desc-Brain_mask.nii.gz

The binary mask of the brain estimated by
dwi2mask and used to remove all facial
features from the DWI data.
The concatenated DWI ﬁle of a single
participant. Each concatenated DWI ﬁle
consists of 180 volumes.
The corresponding b-values in s/mm2 per
DWI volume (12 × 0, 48 × 700,
56 × 10 0 0, 64 × 1600).
The corresponding gradient table, stored in
a bvecs format, per DWI volume. The ﬁle
consists of 3 rows, corresponding to the
x, y, and z component of the diffusion
weighted gradient vector.
A text ﬁle that contains the participant id
number, gender, and age group
information.

sub-{id number}_ses-03_
dwi_desc-preproc_dwi.nii.gz
sub-{id number}_ses-03_
dwi_desc-preproc_dwi.bvals
sub-{id number}_ses-03_
dwi_desc-preproc_dwi.bvecs

sub-{id number}_ses-03_
demographics.txt

fat shift direction (resp. anterior versus posterior), the number of directions and the b-value
used. To further increase the number of b0 scans that could be used for topup, the b700 scan
started and ended with a b0 volume. The b10 0 0 scan started with a single and ended with 5 additional b0 volumes. The ﬁrst half of the b1600 scan started and ended with a single b0 volume
whereas the second half of the b1600 scan started with a single and ended with two b0 volumes. In total 8 b0 scans with an anterior shift direction and 12 b0 scans with a posterior shift
were acquired. Due to technical issues, data of ﬁve participants were corrupted or incomplete.
The freely available DWI data set has been pre-processed with the following steps: denoising,
eddy current correction, topup correction, N4 bias ﬁeld correction, and skull stripping. The ﬁnal 3T DWI dataset contains 49 participants and can be combined with previously published
high-resolution multi-parameter 7T structural MRI data [1].
Supplementary material 1) A Jupyter Notebook containing all the Python (V3.6) code used
to pre-process the DWI data [12,13]. The notebook is also shared on OSF (DOI 10.17605/OSF.IO/
ZVXHW).
Supplementary material 2) A Microsoft Excel ﬁle containing the MRI exam card parameters.
The excel ﬁle is also shared on OSF (DOI 10.17605/OSF.IO/ZVXHW).

2. Experimental Design, Materials and Methods
Participants Each healthy participant had previously participated in a structural 7Tesla (T)
magnetic resonance imaging (MRI) session as described in [1] and were recruited via newsletters and social media of the Dutch Parkinson Foundation, as well as via the University of Amsterdam. The larger data-collection effort entailed two 7T MRI sessions and a third 3T MRI session.
All participants were contacted by phone to assess their suitability to participate in the study.
Initial inclusion criteria for the ﬁrst 7T MRI scan were age 18–80 years and self-reported health
at the time of inclusion. Exclusion criteria were the absence of a signed informed consent, as
well as any factors that could potentially interfere with MRI. This included MRI incompatibility
(e.g., pacemakers), pregnancy, and self-reported claustrophobia. All exclusion criteria were veriﬁed again before the 3T MRI session commenced. The interval between the ﬁrst 7T structural
MRI session and the 3T DWI MRI session was on average 2.35 years (std. 0.23; the minimum
and maximum interval was resp. 1.66 and 3.15 years). The age group membership as reported
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in Table 1 is based on the age at diffusion-weighted data acquisition and could therefore differ from the age group in the initial 7 Tesla structural data release. Each participant received a
monetary compensation of 20 euros. Of the initial 54 participants there were ﬁve participants
for whom the data was not fully exported, or the exported data was corrupted. These ﬁve participants were excluded from any further data processing.
Data acquisition summary The data were acquired using a Philips 3T Ingenia CX scanner with
a dStream 32 channel receiver head coil at the Spinoza Center for Neuroimaging located in Amsterdam, The Netherlands (https://www.spinozacentre.nl). The scanner has a maximum gradient strength of 40mT/m and a maximum gradient slew rate of 200 mT/m/ms. The diffusion
weighted images were acquired with a multislice spin echo (MS-SE), single-shot sequence (100
transverse slices with an isotropic voxel resolution of 1.28mm, ﬁeld of view (FOV) = 205 × 205,
slice gap = 0mm, TR = 8100ms, TE = 78ms, SENSE factor (AP) = 2). To suppress the fat signal
two REST saturation slabs were planned at the anterior and posterior side of the brain. Diffusion
weighting was isotopically distributed along 48, 56, or 64 directions with a corresponding bvalue of 70 0 s/mm2 , 10 0 0 s/mm2 and 1600 s/mm2 . Due to memory limitations the 64-direction
scan was split into two 32 direction scans (resp. TA b700= 13:48min, b1000 = 17:19min, b1600
ﬁrst half = 9:44 min, b1600 second half = 9:44 min). Each diffusion weighted image included
several volumes with no diffusion weighting (b0; b value = 0 s/mm2 ). The b700 scan started
and ended with a b0 volume, the b10 0 0 scan started with a single b0 volume and ended with
ﬁve b0 volumes, the ﬁrst half of the b1600 scan started and ended with a single b0, whereas
the second half of the b1600 scan started with a single and ended with two b0 volumes. In total
twelve b0 volumes were acquired within the diffusion weighted sequences. Finally, eight b0 volumes were acquired with an inverted fat shift direction to ensure that topup could be used (100
transverse slices with an isotropic voxel resolution of 1.28mm, ﬁeld of view (FOV) = 205 × 205,
slice gap = 0mm, TR = 8100ms, TE = 78ms, SENSE factor (AP) = 2, TA single b0 volume = 00:49
min). Note that the exact exam card and corresponding MRI parameters are presented in Supplementary ﬁle 2 (‘MRI examcard parameters.xlsx’).
Data pre-processing Of the 49 participants, the DWI data were saved using a DICOM format
for three participants and PAR/REC format for 46 participants. Depending on the format, the data
was exported to the NIfTI format using dcm2niix (V1.0.20201216) or parrec2nii (V3.2.1) [2,3] and
converted to the MRtrix3 .mif format [4]. The DWI and b0 ﬁles used for the topup were concatenated into separate .mif ﬁles for ease of processing. No intensity normalization was done
prior to concatenation. All data were subsequently denoised using a principle component analysis (PCA) based function dwidenoise as implemented in MRtrix3 (V3.0.2) [4,5,14]. This function
denoises the DWI data using the prior knowledge that the eigen spectrum of random covariance
matrices can be described by a Marchenko-Pastur (MP) distribution. A MP distribution is ﬁt to
the spectrum of patch-wise signal matrices and used as an estimator of the amount of noise.
This noise estimation is then used as an optimal cut-off for the PCA denoising. The next step
was to remove the Gibbs ringing artefacts by using the mrdegibbs function [4,6]. Gibbs-ringing
can be seen in MRI images as spurious oscillations around sharp tissue boundaries and is a
result of the truncation of k-space sampling. Depending on the location of this sharp edge relative to the sampling grid this results in the attenuation of the Gibbs ringing artifact. The used
method tries to estimate the subvoxel-shift in pixels necessary to minimize this distance and reinterpolates the image accordingly. The next step was to correct for susceptibility-induced offresonance ﬁeld distortions using the different phase encoding blips of the b0 images in topup.
The topup output was used to inform the eddy current correction using eddyOpenMP as implemented in FSL (V5.0.11) [7–9,15]. Finally, we applied a N4 bias correction as implemented
in dwibiascorrect [4,10] and a brain mask was estimated using dwi2mask [11]. The bias ﬁeld is
the result of the inhomogeneity of the magnetic ﬁeld during acquisition and has a negative effect on any intensity-based segmentation. All DWI volumes were ﬁnally exported back to NIfTI
format using mrconvert with the option export_grad_fsl to export the bvals and bvecs ﬁles in a
FSL compatible format. All facial features were removed from the resulting NIfTI ﬁle using the
brain mask in combination with fslmaths. The processing pipeline is visualized in Fig. 1. The ﬁnal
DWI NIfTI image contains 180 volumes, of which twelve are the b0 (posterior fat shift direction)
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Fig. 1. DWI pre-processing steps. The DWI scans were either saved as DICOM or PAR/REC format. Depending on the
format, the data was exported to the NIfTI format using either dcm2niix or parrec2nii [2,3] and converted to the MRtrix3 .mif format [4]. All data were then denoised using dwidenoise [5]. A corresponding noise map is shown in red.
The next step was to remove the Gibbs ringing artefacts by using the mrdegibbs function [6]. Using the different phase
encoding blips of the b0 images, topup was applied and used to inform the eddy current correction as implemented in
FSL [7–9]. A custom b02b0.cnf parameter script was used during the topup processing step in which the warp resolution was increased, and the amount of smoothing was reduced. This custom script is generated as part of the processing code shared in supplementary material 1 (‘A high-resolution multi-shell 3T diffusion magnetic resonance imaging
dataset as part of the Amsterdam Ultra-high ﬁeld adult lifespan database (AHEAD)_notebook.ipynb’, cell 6). The estimated susceptibility-induced off-resonance ﬁeld distortions are shown in jet colors. Finally, we applied a N4 bias correction as implemented in dwibiascorrect [10] and a brain mask was estimated using dwi2mask [11]. All DWI volumes
were masked using the resulting brain mask to remove any facial features of the participant. The resulting bias ﬁeld is
given in blue, and the resulting binary brain mask is given in white. In between parentheses are the exact functions
used to process the data.

volumes. The remaining volumes are part of the 48, 56 and 64 directional volumes. All code to
process the data is provided in a Jupyter notebook [12] as part of the Supplementary material 1.
Figure 2
The 3T MRI data can be combined with the previously published 7T structural MRI data[1].
Note that for two participants the 7T structural MRI data of the ﬁrst session were deemed unusable and were not part of the initial 7T MRI data release. For those participants the structural
scans of the second 7T session will be made available in a future data release.
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Fig. 2. Visualization of data quality. To visualize the quality of the diffusion data, the freely available pre-processed dataset of a single participant was further analysed with MRtrix3.0.
Here, the Fibre Orientation Density (FOD) image of a single coronal slice is shown. The zoomed inset of the basal ganglia illustrates the anatomical speciﬁcity captured in the acquired
data. The internal and external capsule are clearly visible as well as several other ﬁbre bundles such as the cingulum, corpus callosum, Superior Occipitofrontal Fasciculus (SOF), and the
Superior Longitudinal Fasciculus (SLF). The red hues indicate a main orientation along the left/right axis, the green hues indicate a main orientation along the anterior/posterior axis, and
the blue hues indicate a main orientation along the superior/inferior axis.
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Ethics Statement
All procedures were in accordance with the Code of Ethics of the World Medical Association
and approved by the Institutional Review Board at the University of Amsterdam (ERB number
2016-DP-6897). Informed consent was obtained from participants including permission for the
future release of de-identiﬁed data. In agreement with the general data protection regulation
(GDPR), and associated guidelines implemented at the University of Amsterdam, the Netherlands, all information that could be used to directly identify a participant was removed from
the data (e.g., the exact age, facial features, and any personal information in the MRI header
information). In line with these guidelines we therefore report age ranges, instead of the age
of the individual participants. The participant IDs were further pseudorandomized in a similar
manner as the AHEAD 7T structural MRI scans. This was done as an additional safety measure to
ensure that there is no direct correspondence between the IDs stored locally on the university
servers and the IDs shared on ﬁgshare. Note that due to GDPR regulations the subject IDs on
ﬁgshare will differ between releases. The initial 7T AHEAD data release therefore has a different
subject ID mapping than the current release. The release version is captured in the subject ID
where the ﬁrst integer indicates the release (0: initial 7T AHEAD data release; 1: current data
release including the 3T DWI).
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Supplementary material associated with this article can be found in the online version at
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