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The current dataset aims to support and enhance the re-
search reliability of neuromelanin regions in the brain-
stem, such as locus coeruleus (LC), by offering raw
neuromelanin-sensitive images. The dataset includes raw
neuromelanin-sensitive images from 157 healthy individ-
uals (8-64 years old). In addition, leveraging individual
neuromelanin-sensitive images, a non-linear neuromelanin-
sensitive atlas, generated through an iterative warping pro-
cess, is included to tackle the common challenge of a lim-
ited field of view in neuromelanin-sensitive images. Finally,
the dataset encompasses a probabilistic LC atlas generated
through a majority voting approach with pre-existing mul-
tiple atlas-based segmentations. This process entails warp-
ing pre-existing atlases onto individual spaces and identify-
ing voxels with a majority consensus of over 50 % across the
atlases. This LC probabilistic atlas can minimize uncertainty
variance associated with choosing a specific single atlas.
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Specifications Table

Subject Neuroscience

Specific subject area Cognitive Neuroscience

Data format Raw, Defaced

Type of data NIFTI image file

Data collection The dataset includes neuromelanin-sensitive images and T1w/T2w anatomical

images obtained using 3T MRI scanner. 157 healthy individuals participated in
data collection (91 adults: Mage = 34.47; SD = 12.10; range = 20-64;
female = 58.24 %; 66 children/youths: Mag = 13.52; SD = 3.75; range = 8-19;
female = 45.46 %). All participants had normal or corrected-to-normal vision
and hearing and no history of chronic illness or cognitive impairment.

Data source location Virginia Tech, Blacksburg, VA 24060

Data accessibility Repository name: Open Science Framework. 157 neuromelanin-sensitive image
dataset (age: 8-64yrs)
Data identification number: DOI 10.17605/0SF.I0/Z49DV
Direct URL to data: https://osf.io/z49dv/

1. Value of the Data

+ The dataset includes 157 images of neuromelanin-sensitive and anatomical T1w/T2w im-
ages, offering significant potential for synergies in brain research focused on exploring the
brainstem.

A standard non-linear neuromelanin-sensitive atlas (1 mm, MNI space) has been gener-
ated based on 157 individual images through an iterative warping process. This non-linear
template is particularly valuable in addressing the common challenge of a limited field of
view (FoV) in neuromelanin-sensitive images.

The dataset includes a locus coeruleus (LC) probability atlas, addressing the challenge of
uncertainty variance depending on the choice of LC atlas. This probability atlas is gen-
erated by averaging the individual LC, which is calculated by transforming multiple pre-
existing LC atlases to each individual’s native neuromelanin space.

2. Background

The overarching objective of the dataset is to foster significant synergies in brain research
that seeks to investigate the role of the brainstem in human cognition [1-4]. To this end, the cur-
rent dataset incorporates neuromelanin-sensitive images from 157 individuals. As a byproduct of
norepinephrine metabolism that accumulates in brainstem regions such as the locus coeruleus
and substantia nigra, the neuromelanin content in the brain serves as a valuable metric for es-
timating cognitive functions including as age-related cognitive reservedness and memory per-
formance [5,6]. Furthermore, it has been associated with the onset and progression of neurode-
generative diseases such as Alzheimer’s and Parkinson’s [7,8]. Neuromelanin values also exhibit
a positive correlation with other structural parameters, such as cortical thickness, volume, and
microstructure integrity [2]. Hence, the current dataset not only facilitates the visualization and
detection of neuromelanin content of the brainstem regions, but also provides valuable resources
for investigating the role of the norepinephrine system in human cognition and behavior.

In addition, leveraging individual neuromelanin-sensitive images, the dataset includes a non-
linear neuromelanin-sensitive standard atlas (1 mm, MNI space), produced by an iterative se-
quence of image-processing steps [9-11]. This standard template is particularly beneficial in
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Fig. 1. Basic demographic snapshot of the dataset.

scenarios where the limited field of view (FoV) of neuromelanin-sensitive images presents a
common challenge during spatial registration. Finally, the dataset offers a more comprehensive
LC probability atlas generated by combining pre-existing multiple atlas-based segmentations on
157 individual neuromelanin-sensitive images.

2.1. Data description

The dataset includes neuromelanin-sensitive images and T1w/T2w anatomical images ob-
tained from 157 healthy individuals. Additionally, a non-linear neuromelanin-sensitive atlas
based on the individual neuromelanin-sensitive anatomical images is included. Furthermore,
the dataset offers an LC probability atlas, generated using a multi-atlas-based majority voting
approach. Before being uploaded to the data repository, all MRI images were defaced using
"fsl_deface’ [12] in FSL 6.0.1 [13]. The non-linear neuromelanin-sensitive atlas and LC probabil-
ity atlas are provided with the following categories: all (N = 157), adults (N = 91), and chil-
dren/youth (N = 66).

3. Experimental Design, Materials and Methods
3.1. Samples

157 healthy individuals participated in data collection (Fig. 2; 91 adults: Mage = 34.47;
SD = 12.10; range = 20-64; female = 58.24 %; 66 children/youths: Mage = 13.52; SD = 3.75;

range = 8-19; female = 45.46 %; Fig. 1 and Table 1). All participants had normal or corrected-
to-normal vision and hearing and no history of chronic illness or cognitive impairment. All par-
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Fig. 2. Image types in the dataset.

Table 1
Basic demographic statistics (N = 157).
Group Mean SD Minimum Maximum
Age adults 34.47 12.10 20 64
Children /youths 13.52 3.75 8 19
Education (years) adults 15.62 2.98 12 21
Children /youths 8.23 345 3 14
Sex adults 58.24 % female
Children /youths 45.46 % female

adults N = 91; children/youth N = 66.

ticipants provided written informed consent approved by the Virginia Tech Institutional Review
Board.

3.2. MRI images and acquisition

The neuromelanin-sensitive images were collected through a T1-weighted FSE imaging se-
quence (T1-FSE) with the following parameters: repetition time, TR = 750 ms, echo time,
TE = 12 ms, flip angle = 120°, one average to enhance the signal-to-noise ratio (SNR), 11 ax-
ial slices, field of view (FoV) = 220 mm, bandwidth = 285 Hz/Px, slice thickness = 2.5 mm,
slice gap = 1.0 mm, and in-plane resolution = 0.43 x 0.43 mm [6,14]. High-resolution T1/T2-
weighted anatomical images were collected with the following parameters: TIw-TR = 3200 ms,
TE = 2.06 ms, flip angle = 8°, bandwidth = 220 Hz/Px, Fov = 256 mm, voxel resolution = 1
mm? isotropic. T2w-TR = 2500 ms, TE = 56 ms, flip angle of 120°, bandwidth of 725 Hz/Px,
FoV = 256 mm, voxel resolution of 1 mm? isotropic.

3.3. Non-linear neuromelanin-sensitive MNI brain template

To provide a standard neuromelanin-sensitive atlas, we performed an iterative sequence of
image-processing steps in which individual neuromelanin-sensitive images were iteratively and
non-linearly fitted to a new template generated from the previous iteration [9-11]. Due to the
complex structural variability across individuals, a fixed single-brain atlas or a simple linear av-
erage atlas may not accurately represent every brain structure. Thus, deformable, nonlinear av-
erage brain atlases with reparations can be more elastic in defining anatomical boundaries.



T-H. Lee, S.H. Kim and J. Neal et al./Data in Brief 53 (2024) 110140 5

A. lterative sequence

linear + nonlinear warp average
individual warped images custom template
native images on MNI on MNI
lteration 1 Iteration 1
Subject MNI152 template
1~N
orafion 3 Iteration 1 Iteration 2
eration template template
Subject P :

1~N \ : ‘m: (

Iteration n-1 Iteration n

Iteration n template template

Subject

[ \C

80

70

60

50

40

30

Absolute Signal Difference:
Iteration N minus lteration N-1

—

. Optimal neuromelanin-sensitive atlas

Fig. 3. (A) An iterative sequence of image-processing steps (B) Signal changes between iteration at each landmark (C)
Final standard neuromelanin-sensitive atlas.



6 T-H. Lee, S.H. Kim and J. Neal et al./Data in Brief 53 (2024) 110140

-
unthresholded

&
s
f
<ita

Fig. 4. An atlas of LC with different probability thresholds (unthresholded, 25 %, 50 % and 75 % probability threshold).
These probabilities are determined through a majority voting process.

To this end, an affine transformation matrix and a nonlinear warp were first calculated be-
tween each individual neuromelanin-sensitive image, individual anatomy image, and MNI 152
template (1 mm). These matrices were then simultaneously applied to native neuromelanin-
sensitive images through concatenation, facilitating effective and accurate warping onto the
final destination standard space (i.e., MNI 152) with b-spline interpolation. Then, the ini-
tial neuromelanin-sensitive template was created by averaging all individuals’ warped images
(please see ‘average’ at Iteration 1 in Fig. 4A), prioritizing spatial information over local accuracy,
ensuring that the resultant template incorporated MNI space information and comprehensively
representing neuromelanin distribution patterns in the studied population. At each iteration, it
resulted in improved contrast and definition of landmark locations such as the 4th ventricle area
and the boundary of the cerebellum (Fig. 4B) while reducing the variation in the boundary of
the LC. This repeated process stopped at iteration 8, where the mean differences between suc-
cessive iterations were lowest, marking the completion of the template refinement (please see
an arrow in Fig. 3B). The final standard atlas shown in Fig. 3C is thus included in the dataset.

3.4. A probabilistic LC atlas based on the segmentation through majority voting from multi-atlases

A majority voting method was implemented to generate an individual LC segmentation from
five distinct warped atlas images [15-19]. This approach utilized population probabilities and
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maintained the consistency of individual voxel intensities within target regions. To this end, we
applied ANTs deformable registration with normalized cross-correlation (2-mm radius, 3-mm
smoothing of the deformation map) of joint T1w/T2w (preprocessed: bias-field correction, skull
stripping, a rigid transform into the standard MNI brain, and correcting intensity inhomogene-
ity using N4). Subsequently, individual LC segmentations were completed using five atlases on
the neuromelanin-sensitive space. The majority voting method was then applied across five seg-
ments using a criterion where the threshold exceeded 50 % probability. The final majority-voted
segment of each individual was transformed to the Tmm-MNI space and averaged across 157
individuals, resulting in probability information.

Fig. 4 shows the spatial information of the LC at various thresholds. This probability atlas can
mitigate uncertainty variance arising from a single specific template in future studies.

Limitations

Not applicable.

Ethics Statement

All participants provided written informed consent approved by the Virginia Tech Institu-
tional Review Board.

Data Availability

157 neuromelanin-sensitive image dataset (age: 8 - 64yrs) (Original data) (Open Science
Framework).
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