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ABSTRACT

Magnetic Resonance Imaging (MRI) assists in studying the nervous system. MRI scans undergo significant pro-
cessing before presenting the final images to medical practitioners. These processes are executed with ease due to
excellent software pipelines. However, establishing software workstations is non-trivial and requires researchers
in life sciences to be comfortable in downloading, installing, and scripting software that is non-user-friendly and
may lack basic GUL As researchers struggle with these skills, there is a dire need to develop software packages
that can automatically install software pipelines speeding up building software workstations and laboratories.
Previous solutions include NeuroDebian, BIDS Apps, Flywheel, QMENTA, Boutiques, Brainlife and Neurodesk.
Overall, all these solutions complement each other. NeuroDebian covers neuroscience and has a wider scope,
providing only 51 tools for MRI. Whereas, BIDS Apps is committed to the BIDS format, covering only 45 software
related to MRI. Boutiques is more flexible, facilitating its pipelines to be easily installed as separate containers,
validated, published, and executed. Whereas, both Flywheel and Qmenta are propriety, leaving four for users
looking for ‘free for use’ tools, i.e., NeuroDebian, Brainlife, Neurodesk, and BIDS Apps. This paper presents an
extensive survey of 317 tools published in MRI-based neuroimaging in the last ten years, along with ‘aXonica,” an
MRI-based neuroimaging support package that is unbiased towards any formatting standards and provides 130
applications, more than that of NeuroDebian (51), BIDS App (45), Flywheel (70), and Neurodesk (85). Using a
technology stack that employs GUI as the front-end and shell scripted back-end, aXonica provides (i) 130 tools
that span the entire MRI-based neuroimaging analysis, and allow the user to (ii) select the software of their
choice, (iii) automatically resolve individual dependencies and (iv) installs them. Hence, aXonica can serve as an
important resource for researchers and teachers working in the field of MRI-based Neuroimaging to (a) develop
software workstations, and/or (b) install newer tools in their existing workstations.

1. Introduction

Weighted MRI (dMRI) traces white-matter fiber tracts via the diffusion
process of water molecules.®”

Neuroimaging is the study of the nervous system using imaging. It
employs (i) Magnetic Resonance Imaging (MRI), (ii) Computed To-
mography (CT) scan, (iii) Positron Emission Tomography (PET), (iv)
Magnetoencephalography and Electroencephalography (MEG/EEG) to
study the nervous system.'

MRI has three broad types with reference to the nervous system.
They are (a) structural MRI (sMRI), which highlights anatomical and
pathological detail, (b) functional MRI (fMRI) detects changes in blood-
oxygen-levels as a surrogate to measure brain activity, and (c) Diffusion-

Regardless of their type, MRI scans undergo an extensive processing
pipeline before being presented to medical practitioners. These pipelines
are executed using a variety of computational tools. These tools help
speed-up clinical diagnosis but also compel biologists to spend an
increasing amount of time and resources in installing, configuring, and
maintaining software. Moreover, some tools assume that the users are
comfortable with scripting. However, many users in life sciences are not.
Therefore, as scientists in life sciences struggle with these skills, there is
a need to develop software that automatically installs and configures
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entire analysis pipelines.® '*

In general, students and colleagues in life-sciences excel in wet-lab,
yet, their skills in in-silico lab are limited.'®'® Interestingly, students
in high-income countries also face similar challenges.'® Therefore, there
is a common problem that is growing across science, including Neuro-
imaging, which is the inevitable and constantly growing dependence on
an ever expanding, and increasingly sophisticated set of analysis tools.
While recent software are very useful, allowing users to perform tasks
that were previously very difficult, the ever increasing complexity and
maintenance often overwhelms the users. Interestingly, while these
software increases productivity when things are working, they also
decrease productivity due to the time spent maintaining them and
learning their use. In general, ‘ease-of-use’ has a positive impact on the
end user,”’ the same goes in bioinformatics,?"»** hence the need to a
range of solutions catering to different research domains, facilitating the
end-user, one of which is presented in this research paper.

Therefore, this paper presents ‘aXonica,” an installation package that
is (a) easy to use, (b) GUI-based, (c) allows the user to select 130 tools
along the entire MRI based Neuroimaging analysis, and (d) automati-
cally resolves individual dependencies of software, akin to popular ap-
proaches to install software such as Play Store, Apple Store, and
Window’s or Ubuntu’s software centre. Hence, aXonica facilitates
building software workstations and laboratories for research and
teachers engaged in MRI-based Neuroimaging. The tool itself (aXonica)
derives its name from the *axon,’ i.e., the nerve fiber carrying electrical
impulses for neurons.

Hereinbelow, Section 2 discusses previous similar works in the
domain of Neuroinformatics. Section 3 presents the methods employed
in developing aXonica, while Sections 4 and 5 provides detailed results,
pitfalls, and discussions leading to Section 6 where the authors conclude
by presenting a summary of their contribution.

2. Related works

aXonica provides neuroinformatics researchers a software package
that easily installs 130 tools by automatically resolving their de-
pendencies and allowing users to choose which software works best for
them. Other similar efforts employed Docker containers, virtual ma-
chines, and cloud frameworks, notable of whom are NeuroDebian,>’
BIDS app,”* Flywheel,”> Qmenta,’® Boutiques,”’ Brainlife,”® and Neu-
rodesk.?” Table 1 provides a brief comparison between these solutions.

NeuroDebian encapsulates 51 popular neuroimaging tools installed
using the Debian/Ubuntu package management system (PMS),”>** and
may be considered a precursor to aXonica. It however, offers little in
both portability and reproducibility.

BIDS Apps is an image of a neuroimaging pipeline that employs Brain
Imaging Data Structure (BIDS) as an input. It is portable and runs on all
three major operating systems (Linux, Windows, and macOS) without
the need for complicated setup and configuration because all binaries
and associated dependencies are packaged in one container engine.24

Table 1
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Since its start in 2017, as many as 45 applications have used the BIDS
standard, collectively referring to this ecosystem as ‘BIDS Apps.” Since
its deployment, BIDS format is slowly gaining traction, becoming the
standard for neuroimaging.”*

Another addition, Boutiques helps automate publishing, integrating,
and executing command-line applications across computational plat-
forms. It is both compatible with BIDS App, and complements it. While
BIDS Apps standardizes neuroimaging application interfaces, Boutiques
describes them as flexibly as possible,?” allowing for configuring and
running tool containers on local machines.”° Moreover, Boutiques
pipeline descriptor can be stored on Zenodo, and identified by a per-
manent Digital Object Identifier (DOI). Therefore, Through the Bou-
tiques command line, the pipelines can be validated, installed,
published, and executed.”!

Both Flywheel?® and QMENTA?® are cloud-based propriety frame-
works for curating and analyzing medical imaging data. Both allow
significant ease-of-use, as they can be accessed using a browser, elimi-
nating the need to install and maintain software. Here, a number of
proprietary, open-source, and licensed tools are available. Flywheel
shows 70 tools in its cloud framework, while the information on the
number of applications available on QMENTA is not available (at the
time of the manuscripts submission). QMENTA is also reported to lack
normative reference data.>

Lastly, both Brainlife’® and Neurodesk?® are recent additions to the
neuroimaging ecosystem. Brainlife is an open-source cloud based plat-
form for MRI, EEG and MEG-based neuroimaging boasting 206 tools for
all modalities (MRI, EEG, MEG) of neuroimaging with additional 329
snippets. While Neurodesk comprises 85 tools to date (2024).%° Please
refer to Table 1 for a comparison of the above mentioned solutions.

3. Methods
The following series of steps define the methodology of our research:

Step 1: Tools: Collect all tools related to Neuroimaging based MRI.
Step 2: Selection Criterion: Select software that is (a) recent (pub-
lished after 2012), (b) free (employ a freeware license), (c) Linux-
based, and (d) functions offline. In addition, (e) tools that are pub-
lished before 2012 and have been cited more than 100 times, and (f)
tools that are based on MATLAB that fulfill the criteria (a) to (e) are
also incorporated.

Step 3: Information: For tools selected in Step 2, determine down-
load size, date of the last update, and recent most version.

Step 4: Shell Scripting: Develop separate shell files for each of the
selected tools. The shell script should automatically (a) download the
software, (b) resolve all dependencies, and (c) install the software.
Step 5: GUIL: Make a front-end GUI that allows the user to (a) select
tools, (b) automatically resolve associated dependencies, and (c)
install selected tools.

The table compares aXonica with similar solutions. Here, ‘W’ denotes Windows, ‘M’ stands for Mac OS, ‘L’ represents Linux, and ‘U’ specifically denotes Ubuntu. Items
marked as ‘-’ means the information is unavailable at the time of submission of this manuscript.

S.No. Evaluation metrics aXonica 4.0 NeuroDebian BIDS Apps Flywheel QMENTA Boutiques Brainlife Neurodesk
1 No. of Tools 130 51 45 70 - - 206 85

2 Operating Systems U, W,M L, W,M U, W,M W, M, L W, M, L L, W,M L, W,M L, W,M

3 Frame-work Shell, Yad & Zenity Debian PMS Container Cloud Cloud Container Cloud Container
4 Updated (post 2021) v X v v v v v v

5 Complete Analysis Pipeline v X v v v v v v

6 No Space Limitations v X v v v v v v

7 User Friendly v v v v v 4 v 4

8 sMRI/fMRI/dMRI v v v v v v v v

9 MATLAB support v - - - - - -

10 Transparent v v X v v v v 4

11 Reproducible analysis pipeline v X v v v v v 4




B. Wajid et al.
4. Results

The following enumerated points follow step-by-step the methodol-
ogy defined in the previous section:
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Point 1: Tools: The authors surveyed existing literature to collect a
wholesome 318 software related to MRI-based neuroimaging.

Point 2: Selection Criterion: Selected a total of 130 tools out of 318
which were (i) recent (published after 2012), (ii) free for academic
use, (iii) Linux-based, (iv) worked offline, and (v) were popular
(showed high citation count). Fig. 1, Tables 3 and 4 presented within
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Fig. 1. The figure presents a MRI data analysis pipeline showcasing the different tools included in aXonica grouped by functionality.
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Table 2
The table surveys an exhaustive list of 317 tools developed by the community to facilitate MRI practices. Subsequent columns show a selection criterion for choosing
tools that are free, offline and published after 2012. Software that fulfill the criteria are selected and coupled together in aXonica.

No. Software Tool Names Pub. Date (2012+) Free Linux based Offline Cited (Nov. 2021) Installed

Image Pre-processing
Image Visualization

1 3D-DOCTOR (*°) X x x v 103 x
2 AFQ-Browser (**) v v v X 0 X
3 AnalyzefMRI (*°) v v v v 4 X
4 Anatomist (BrainVISA) (°°) v v v v 138 v
5 Biolmage Suite &) X v v X 154 X
6 BioMap (*%) v x v x 97 x
7 BoneJ (*%) v/ v/ v v 1845 v
8 BrainMaker (*“) v x v v 70 x
9 BRANT (*") v v v v 7 x
10 CereVA (*%) v/ v v/ v/ 2 x
11 Dipy (**) v v v v 405 v
12 Dynamic Reslice (**) X v v v 12 x
13 ezDICOM (*°) v v x v 18 x
14 FiberWeb () X X v X 2 X
15 HeartVista (*) v x v v 44 x
16 iELVis (*%) v v v v 50 v
17 IGSTK (**) x v/ v v/ 101 v/
18 ImageVIS3D (°%) x v v v 6 v
19 imlook4d (°") v/ v v v 47 v
20 JIST (°%) x v/ v/ v/ 139 v/
21 JIV (°%) x v v v 6 x
22 JIV2 (%%) x v v v 6 X
23 Materialize Mimics (°*) v X X v 20 X
24 MeVisLab (°%) v v v v 31 v
25 MIA (°°) v v v v 36 v
26 MITK (*7) x v v v 374 v
27 MRiIstudio (°%) x v x v/ 81 x
28 MultiTracer 2 (°7) X X v v 55 X
29 Nilearn (°%) v/ v v v 368 v
30 NmrLineGuru (°") v/ v/ v/ v/ 0 x
31 OsiriX (°%) x x x v 1885 x
32 ParaVision (°%) X X X v 2 X
33 ScAnVP (°%) x v x v 99 X
34 SkullyDoo (°°) x v/ v v 22 x
35 TissueMaker (°%) v X X v 13 X
36 TUNNEX (°") v v v v 5 x
37 VisBio (°%) x v/ v v/ 49 x
38 Visible Patient (°”) v v X v 10 X
39 Volview () x v v v 20 x
40 VoxBlast (') x v v v 2 x
41 Xepr (%) x x v v 409 x
Image Enhancement

42 ACID (7?) v x v x 6 x
43 AMIDE (%) X v v v 851 v
44 Analyze (*°) X X v v 337 X
45 Aws4SPM (/%) X v v v 0 X
46 BET (FSL) ("%) x v v v 8134 v
47 BROCCOLI (") v v v v 60 v
48 CLAHE ("®) X v v v 172 v
49 CoSMoMVPA (") v v v v 152 v
50 C-PAC (*9) v v v/ v 60 v
51 DL identifies MRI contrast (°) v v v v 4 X
52 FastFilter3D (°%) x v/ v v/ 14 v/
53 Fiswidgets (°) x v/ v/ v/ 77 x
54 FMRIPrep (°%) v/ v v/ v 161 v/
55 GLMdenoise () v/ v v v 17 v
56 HDR-MRI (%) v v v v 43 x
57 ICN_Atlas (*7) v v v v 1 X
58 MINC (*%) x v v v 31 X
59 MNI-N3(*%) x v/ v v 4141 v/
60 NIAK (%) x v v v 31 x
61 NormalizeFOV (°1) v v v v 4 v
62 PID - Parallel iterative deconvolution (°%) X v v v 0 X
63 SFSRR (*%) x v v v 101 v
64 TORTOISE (°*) x v v v 195 v
3D Image Reconstruction

65 AMILab (°°) v/ v/ v v/ 3 x
66 AnalyzePro (°°) X X v v 0 X
67 BART (7) v v v v 2 X
68 DCGAN (*%) v v v v 0 X
69 Fetal Reconstruction (°°) v/ v v/ v 124 v/

(continued on next page)
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Table 2 (continued)

No. Software Tool Names Pub. Date (2012+) Free Linux based Offline Cited (Nov. 2021) Installed
70 Free-D (*°%) x v/ v/ v/ 66 v
71 Gadgetron (') v/ v v v 253 x
72 InVesalius (*°%) v v v v/ 27 v
73 ITK-SNAP (1% x v/ v v/ 4079 v
74 PaCER (*°%) v/ v/ v v/ 88 v
75 PRIM ('*%) v v v/ v 4 x
76 SIRF (*°%) v v/ v v 20 v

Image Processing
Image Segmentation

77 AganjEtAl2018 (') v v/ v v/ 13 x
78 ALI (%) v/ v/ v v/ 19 x
79 ALVIN (%% v/ v v v 80 v
80 Autoencoder Regularization (*'%) v v/ v v/ 391 v
81 AxioVision (*'1) v X X v 8 X
82 AxonDeepSeg (''?) v v/ v v/ 51 v
83 BEaST (''%) v v v v 287 v
84 BrainSeg3D (') v v/ v v/ 1 v
85 CMB detection (*'*) v/ v v v 4 x
86 CMP-BIA (''©) v v v v 227 v
87 ELV (*'7) v v/ v v/ 2 x
88 E-Snake (''%) v v v v/ 56 v
89 FMRIPrep (°*) v v/ v v/ 96 v
90 GC/Graph Cut (''%) x X x X 483 X
91 GIFT (**%) x v/ v v/ 185 x
92 HAMMER ('*%) v v/ v v/ 31 v
93 HeteroscedasticfMRI ('%") v v/ v v/ 9 v
94 iCafe (**%) v x v v 13 x
95 ITK (1?%) x v/ v v/ 607 x
96 LiviaNET (**%) v v v v 285 v
97 LOCUS (**) x X v v/ 27 x
98 LOTS-IAM (*%°) v v/ v v/ 17 x
99 MANTiS (**7) v v v v 50 v
100 medicalzoopytorch (**%) v v v v 91 v
101 MeshNET (**%) v v v v/ 79 x
102 MIMoSA (*°%) v v v v 16 x
103 Plastimatch (**") x v x v 47 x
104 pyClusterROI (**%) v v v v 923 v
105 RMNMS (1*%) v/ v/ v v/ 68 v
106 seg (1) v v/ v v 48 v
107 SegAN (1) v v v v/ 115 v
108 Segmentator (*°%) v v v v 19 v
109 VNet ('°%) v v v/ v 1472 x
Image Registration

110 AAL (**%) v v v v/ 144 v
111 AIR (%) x v/ v/ v/ 1967 v
112 ART (*%%) v v v v 725 v
113 ATRA (**%) v v/ v v/ 0 X
114 bUnwarpJ (%) v v/ v v/ 23 v
115 CerebroMatic (**!) v x v v/ 8 X
116 Deep QC (**%) v v/ v v/ 2 X
117 elastix (**%) v v/ v v/ 230 v
118 Evaluation of similarity measures (***) x v/ v x 117 x
119 IBASPM (*°) x v v v 241 x
120 IntrAnat Electrodes (%) v v v v 2 X
121 IRTK (**7) x v/ v v 148 v
122 MIRTK (**%) x v v v 357 v
123 MRI2MRI (**%) v v v x 0 x
124 MRTool (*°%) v/ v/ x v 4 X
125 msi-register ('°") v v v v 14 x
126 MSM (*°%) x v v x 188 x
127 pyDBS (%) x v v v/ 37 x
128 ROMEO (°%) x v/ v v 162 x
129 sb-reg (*°%) v v v v 10 x
Image Surfacing

130 3DimViewer ('°°) v/ v x v/ 2 X
131 ANTs (**7) x v v v 1590 v
132 caret (%) x v v v 1145 x
133 Interactive 3D Surface Plot (*°%) X v v v 0 X
134 iso2mesh ('°°) x v v v 556 v
135 Mango (*°) v v v v 48 v
136 MRIcroS (%) x v/ v/ v/ 291 x
137 Simpleware ScanIP ('°%) v x x v 110 x
138 SUMA (*°% x v v v/ 131 v
139 SureFit (*°%) x v/ v v/ 1145 x
140 Surfing ('°°) x v v v 113 v
141 SurfRelax ('°°) x v v v 45 x

(continued on next page)
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Table 2 (continued)
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No. Software Tool Names Pub. Date (2012+) Free Linux based Offline Cited (Nov. 2021) Installed
Structural Data Analysis

3D Image Analysis

142 3D Slicer (*°7) x v v v 622 v
143 AETF ('°%) v v v v 1 x
144 BFAST3D (%) v v v v 24 v
145 BrainsMapi (*"%) v/ v v v 20 x
146 Brainstorm ('7") x v/ v v/ 1280 v
147 calcFD (V%) v v v v/ 43 v
148 DCEMRI (*7%) x v v v 91 v
149 DynamicBC (%) v/ v v v/ 58 v
150 Fast-FineCut ('"°) v v v v 0 x
151 ImageJ (%) v v v v 1045 v
152 MammoApplet (*”7) v/ v v v 11 x
153 nipype ('7%) X v v/ v 530 v
154 Nitime (*”%) v v v v 16 v
155 PRoNTo (‘%) v/ v v/ v/ 270 v/
156 ProstateAnalyzer (**") v v v v 6 x
157 QMRITools (**%) v v v v 12 X
158 SC-OCTA (') v/ v x v 14 X
159 SPLASh (1%%) x v v v/ 10 x
160 SSSuperPCA ('%) v/ v v/ v 0 X
161 Tetrahydra (**°) v v v v 7 X
162 TINA (*%%) v v v v 30 v
163 TIVMI () v v x v 2 x
164 VISTASOFT ('%%) v v v v 38 v
165 WavelDioT (**%) x v v v 1 x
166 ZhaoEtA12018 (') v x v v/ 3 x
Morphometric Analysis

167 Arcana (*°1) v v v v 1 X
168 ASLtbx (°?) v/ v v v/ 94 v/
169 bNets (**%) v v v v 6 x
170 CaPTk (*°%) v/ v v v 27 v
171 CIVET (') v/ x v x 12 x
172 FracLac (7% v v v v/ 123 v
173 GAT () v/ v v v 202 v
174 gr-MRI (*7%) v/ v v v 18 x
175 Gwyddion (*°%) v/ v/ v/ v/ 1712 v
176 MiMSeg (*°%) v x v x 7 x
177 Mindboggle (*°") X v v v 321 X
178 NAPR (*°%) v/ v/ v v/ 9 x
179 VolPack (*°%) x v v v 39 x
180 VPV () v/ v v v 4 x
Quality Control

181 AQuA**® x v v v 0 x
182 ArtRepair (°°°) X v v v 133 v
183 BrainWeb (") x v v x 712 x
184 CAT (°%%) x v/ v v 1 x
185 DPABI (*%%) v v v v 3 x
186 Galaxy (*'%) v/ v v v 0 x
187 Mindcontrol (') v/ v v v 27 v
188 MRIQC (*'%) v/ v v/ v 87 v
189 MRQy (*'%) v v v v 10 x
190 Pre. Conn. Project (*'¥) v/ v v/ v 45 x
191 Qoala-T (*') v/ v v/ v 83 x
Image Modelization

192 breast-body-fusion () v v v v 4 X
193 Cortex (*'7) x v v v/ 411 x
194 ICMA (*'%) v v v v 4 x
195 IMOD (*'%) x v v v 3401 x
196 NiftySim (**°) v/ v v/ v/ 50 v/
197 ROAST (**) v v/ v v/ 32 v
198 SIMRI (**%) X v v v 198 v
199 SimVascular (**°) v/ v/ v/ v/ 23 v/
200 Template-O-Matic (**%) x v v/ 4 362 x
201 vmtk (**°) x v v v 36 x
Image Classification

202 BrainSuite(**®) v/ v v x 36 x
203 LA-iMageS (**) v v v v 17 v
204 MANIA (**%) v/ v v v 14 v
205 NeuroMTL iSEG (**%) v/ v v v/ 1 v/
Image Mapping

206 Lead-DBS (**%) v/ v v v 44 v
207 MRI Processor (**!) v/ v x v 2 v/
Diffusion Data Analysis

Image Simulation

208 BAX (**%) x v v v 5 x

125
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Table 2 (continued)
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No. Software Tool Names Pub. Date (2012+) Free Linux based Offline Cited (Nov. 2021) Installed
209 MITK-DI (**%) v v v v 58 v
210 Neurosynth (**%) X v v X 1616 X
211 SimTB (**%) x v/ v v/ 144 v/
212 The Virtual Brain (**°) v v v v 182 v
Tractography

213 Amira (**°) x x v v 192 x
214 brainGraph (**) v/ v v/ v 28 v/
215 Braintome DiffusionKit (*>%) v v v v 14 v
216 Camino (**%) X v v v 4 X
217 Csaodf-hough (**) x v v v/ 375 x
218 cuDIMOT (**") v v v/ v 55 x
219 DoDTI (**%) v/ x v/ v 14 x
220 DSI Studio (***) v v v v 44 v
221 DTI-TK (**%) v v v v 4 x
222 DTK (**%) v v v v 604 x
223 ExploreDTI (**) v/ v v/ x 914 x
224 FiberNET (**°) v x v v 8 x
225 medInria (**") v v v v 142 v
226 MRtrix3 (**) v/ v v v 5 v
227 PANDA (**%) v v v v 307 v
228 SIFT (*°%) x v v x 1616 x
229 SlicerDMRI (*°1) v v v v 27 v
230 TIP (%) x v v/ v/ 7 x
231 TrackVis (**%) v v v v/ 20 x
Functional Data Analysis

Neuroimage Analysis

232 AICHA (**%) v x v v 154 x
233 bgsmtr (*°%) v v v/ v 27 v/
234 BRAINSTools (*°°) X v v v 51 v
235 BrainVISA (°°) v v v v 138 v
236 BrainVoyager (**) v/ v v/ v 160 v/
237 CBRAIN (*°%) v/ v v x 156 X
238 CONN (**?) v v v v 2699 v
239 FMRLAB (*) x v v x 4 x
240 FSL (*°) v/ v v v 4958 v
241 GC-LDA (*°%) v/ v v v 35 v
242 iPlan CMF (*°%) v/ x v v/ 0 x
243 JRD-Fluid (***) x v v X 2248 X
244 LittleBrain (*°°) v v v v 20 X
245 LIPSIA (*°°) x v v v/ 399 x
246 NeuroElf (*°7) v v v v 301 v
247 Neurolnfo (*°%) v X v v 4 X
248 NMT (%) v v v v 33 v
249 Porcupine (*”°) v/ v v/ v 12 X
250 PrAGMATIC (") v v v x 320 x
251 ScAnVP (°%) v/ x v v 0 X
252 SliceMap (*’%) v/ v v/ v 2 v/
253 SDM (*7%) v v v v 5 v
254 SPM (*/%) v v v v 2879 v
255 TGL-SCCA (/%) v v/ v v 0 x
256 Tissue Mapper (°”°) v/ X X v 4 X
257 voxbo (*”7) X v v v 15 X
Neuroimage Visualization

258 BrainBrowser (*'%) v v v X 36 X
259 Budapest Reference Connectome (*”7) v v v X 23 X
260 DV3D (**%) x v v v 40 x
261 FreeSurfer (°*') v/ v v v 4514 v/
262 IClinfMRI (**%) v v v v 1 v
263 Imaris for Neuroscientists (**%) v X X v 4 X
264 MindSeer (***) x v v v/ 18 x
265 MRICloud (**%) v v/ v x 47 x
266 MMVT (*%%) v/ v v v 6 v
267 Neurolens (**7) x v v v/ 9 x
268 NDVIZ (**%) v v v x 0 x
269 Papaya (**%) X v v/ v 159 v
270 PySurfer (**°) v v v v 25 x
271 Scalable Brain Atlas (*°") x x v/ x 94 x
272 WholeBrain (**%) v v v v 3 x
273 XNATView (XNAT) (*°%) v/ v v v 20 v
274 XTK (*°%) v/ v/ v x 50 x
Image Data Management and Annotation

Format Management and Sharing

275 BIOMIST (*°°) v/ v v v/ 2 x
276 Brain-CODE (°°°) v v/ v x 14 x
277 BrainMap (*°7) X v v v 151 v
278 Dinifti (**%) v v v v 16 v
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No. Software Tool Names Pub. Date (2012+) Free Linux based Offline Cited (Nov. 2021) Installed
279 Icbm2tal (*°%) x v v v 1016 v
280 MENGA (°°%) v/ v v v 26 v
281 MINC/Medical Image NetCDF (°%) x x v/ x 26 x
282 MRIconvert files (*°") x v v/ v 2 x
283 MRIcro (°%%) x v v v 236 v
284 MRIcron (*°%) v/ v v v 7 v
285 NiBabel (°%) v/ v/ v v/ 30 v
286 OpenNeuro (°°) v v v x 25 X
287 PyNWB (*%°) v/ v v/ v 65 v
288 SHANOIR-NG (*”) v/ v v v/ 6 x
289 XmedCon (*°%) x v v v 62 x
290 XNAT (*%%) v/ v v v 415 v
DICOM File Management

291 Aeskulap (°°%) x v v/ v 66 x
292 DCMCHECK (*') x x v v 0 x
293 demodify (**) v v v v 2 x
294 demstack (°'?) v v v v 38 x
295 DCMTK (*'%) x v v v 52 v
296 DIANA (*'%) v v v v 49 v
297 DICOM Confidential (*'°) x v/ v v/ 8 x
298 Dicom3tools (*'®) x v v v 17 x
299 DicomBrowser (*'7) v v v v 17 v
300 DicomCleaner (**%) v v x v 46 x
301 DICOMpyler (°'%) x v v v 10 x
302 DICOMscope (**%) v v X v 2 X
303 DICOMsort (°*!) x v v/ v/ 4 x
304 DICOMweb (**%) v v v v 74 v
305 GDCM (**) v/ v/ v v 3 v
306 Ginkgo CADx (**%) v/ v v/ v 53 X
307 HeudiconV (°*°) v/ v/ v v/ 21 v/
308 Imebra (°*°) v v v v 0 x
309 Jivex DICOM viewer (**7) x v x v 102 X
310 MIPAV (°%%) v v v v 478 v
311 MRICroGL (%) v v v v 2 x
312 odil (**°) x v v v 95 v
313 Orthanc (*°") X v v X 0 X
314 S-QFC (**%) v/ x v X 3 x
315 vtk-dicom (**%) x v v/ v 9 x
316 VV: the 4D viewer (*°>%) X v v v 32 v
317 WEASIS (°*%) v/ v v v/ 43 v/

this report shows details of the final set of tools presented within
aXonica. Here, Table 4 has been presented separately as the tools
mentioned therein are dependent on MATLAB, a commercial
dependency.

Point 3: Information: To facilitate the user, the authors further
provide details on (a) the download size, (b) date of the last update,
and (c) current version for each of the 130 selected tools, as shown in
see Table 3.

Point 4: Shell scripting: Developed separate shell files for every 130
tools filtered as per selection criterion. The authors preferred this
approach, as creating a separate shell file allowed the installation of
each tool to be independent of all others. Moreover, each shell file
contained necessary commands for downloading and installing the
tool along with their associated dependencies. As some dependencies
were repeating, the authors developed a separate ‘master-de-
pendency’ shell file to install these common dependencies. These
included (i) JAVA JDK 8, (ii) python and python3, (iii) Scipy, (iv)
Numpy, (v) python-pip and python-pip3, (vi) Matlab, and (vii) Qt. In
addition, the authors developed six wrapper shell files corresponding
to six components of the analysis. Each wrapper file linked each
software available in aXonica to their corresponding analysis
component. Fig. 1 shows the MRI-based analysis along with the list of
tools presented in aXonica.

Point 5: GUI: Used “Zenity” to develop the front-end GUI to make our
software user-friendly. The GUI helps the user move through several
processing components easily. Collectively, aXonica employs ten
user interface windows asking the user for specific input. They are:
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1: Security: Asks the user to log in as superuser (‘sudo’) to obtain
administrative privileges needed for the installation. At the same
time, to protect systems available for public use, as in the case of a
shared laboratory, the screen helps to terminate the installation
process if the password is incorrect.

2: Internet availability: Verifies whether or not the system is
connected to the internet, as the process downloads several tools
and dependencies. The screen terminates the process if an active
internet connection is not available.

3: Common dependencies: Installs seven common dependencies
mentioned in the previous point.

4: Install: Prompts the user to begin the installation.

5: Image pre-processing: Facilitates the user to select and install
tools related to (a) visualization, (b) enhancement, and (c)
reconstruction.

6: Image processing: Helps in choosing and installing tools
related to (a) registration, (b) segmentation, and (c) surfacing.
7: Structural analysis: Simplifies installing (a) Modeling, (b)
Morphometric Analysis, (c) Quality Control, (d) Classification,
(e) 3-D analysis, and (f) Mapping software.

8: Diffusion data analysis: Aids in the setup of tools for (a)
Simulation, and (b) Tractography.

9: Functional data analysis: Installs (a) Neuroimage analysis,
and (b) Neuroimage visualization software.

10: Data Management and annotation: Builds (a) DICOM file
and (b) Format management tools.
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Table 3

Software included in aXonica software package after application of selection

Table 3 (continued)
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L. . . N A No. Software Download Version Last
criteria. The size of each software is mentioned in MB(s). size Update
No. Software Download Version Last 62 BFAST3D'%? 0.2 _ 2020

size Update 63 Brainstorm'”’ 59 21.0.0 2021
Image Pre-processing 64 calcFD'7? ) 0.55 31.0.0 2021
Image Visualization 65  DCEMRI'’? 4 0.51.0 2021
1 Anatomist (BrainVISA)*® 3400 5.0.2 2021 66  DynamicBC'”* 14.74 2.2.0 2019
2 BoneJ®’ 0.7 1.0.0 2021 67  ImageJ'’° 85.5 153.0.0 2021
3 Dipy*’ 11.6 1.4.1 2021 68  nipype'’® 11.11 1.6.1 2021
4 iELVis*® 11 _ 2021 69 Nitime'”? 6.2 0.9.0 2021
5 ImageVIS3D>’ 13.2 3.1.0 2016 70 PRoNTo 180 24.9 2.1.1 2021
6 imlook4d®’ 18.8 5.8.2 2019 71 TINA'® 0.06 0.1.12 2020
7 JISTS? 43.9 3.9.0 2014 72 VISTASOFT'®® 38.4 1.0.0 2021
8 MeVisLab”® 2000 3.4.2 2021 Morphometric Analysis
9 MIAS® 4.2 2.4.7 2016 73 ASLtbx'* 0.379 15.0.0 2015
10 MITKY 163 18.04.02 2021 74 CaPTK'" 1400 1.8.1 2021
11 Nilearn®” 47 0.8.0 2021 75 FracLac'”® 13.8 2.5.0 2021
12 VistaDisp®® 1331.44 - 2018 76 GAT'” 14.2 151 2014
Image Enhancement 77 Gwyddion'”’ 12 2.55.0 2021
13 AMIDE”* 29 1.0.5 2017 Quality Control
14  CLAHE”® 0.17 0.1.0 2021 78  ArtRepair’® 0.1 5b3 2019
15 CoSMoMVPA”? 9.51 1.1.0 2021 79 Mindcontrol*'’ 6.34 1.3.3 2018
16 C-PAC®° 277 1.8.0 2021 80 MRIQC*'? 3040 0.16.1 2021
17 Fast_Filters®*° 0.3 10.0.0 2017 Image Modelize:tion
18 FMRIPrep® 41 46.1.0 2021 81  ROAST*! 180.52 3.0.0 2020
19 GLMdenoise®™ 0.26 1.4.0 2021 82 SIMRI* 6.4 2.0.0 2020
20 HD-BET’® 0.03 _ 2021 83 SimVascular*** 799 6.15.0 2021
21 MNI-N3%° 1.3 1.12.0 2012 Image Classification
22 NormalizeFOV®! 732.7 1.2.0 2016 84  LA-iMages™ 82.4 1.15 2017
23 PID”? 3.9 1.9.0 2014 Image Mapping
24 TORTOISE® 40 1.0.4 2016 85 Lead-DBS**" 4069 1.6.3 2021
3D Image Reconstruction 86  MRI Processor””’ 0.18 1.1.6 2021
25 Free-D'%° 8.5 1.15.0 2018 Diffusion Data Analysis
26 InVesalius' % 91.8 3.1.9 2021 Image Simulation |
27 ITK-SNAP'%3 45.2 3.6.0 2019 87 MITK-DI*** 159 10.23.0 2021
28 PaCER!%* 9.78 1.0.7 2020 88 SimTB>** 2.9 18.0.0 2019
29 SIRF'° 1.4 3.1.0 2021 89 The Virtual Brain 235 1200 2.3.0 2021
Image Processing Tractography .
Image Segmentation 90 brainGraph™* N 1.4 3.0.0 2021
30 ALVIN'®? 18.9 1 2020 91 Braintome DiffusionKit*** 50.1 1.5.0 2020
31 Autoencoder 0.8 _ 2021 92 DSI Studio”*’ 75.4 21.08.0 2021
Regularization''® 93 medInrig”” 82.7 3.2.0 2021
32 AxonDeepSeg 112 150 3.2.0 2021 94 MRurix3** 19.6 3.0.3 2021
33 BEaST'"® 0.5 1.15.0 2018 95  PANDA™ 10 1.3.1 2018
34 BrainSeg3D'"* 47.6 2.5.0 2021 9 SlicerDMRI**! 503 4.11.0 2021
35 CMP-BIA!'® 0.1 0.3 2016 Functional Data Analysis
36 E-Snake''® 0.1 27.1 2012 Neuroimage Analysis
37 FMRIPrep® 1 20.2.3 2021 97 bgsmur™® 3.8 0.7.0 2019
38 HeteroscedasticfMRI'*' 2.1 - 2015 98 BRAINSTools”* 30 5.4.0 2021
39 ITK'23 88 521 2021 99 BrainVISA®®” 3400 5.0.2 2021
40 LiviaNET'** 12.5 _ 2019 100 BrainVoyager””’ 501 22.0.0 2021
41 MANTiS'?’ 20.02 _ 2021 101  CONN** 125 21a 2021
42 medicalzoopytorch’* 63 - 2021 102 FSL* . 0.09 6.0.4 2016
43 pyClusterROI'* 31 2 2015 103 GCLDA™ 197.75 - 2021
44 RMNMS'*° 0.1 0.1.0 2015 104  NeuroEIf*®” 27.1 1.1.0 2021
45 seg 107 0.7 _ 2018 105  NMT*% - 286.5 2.1.2 2021
46  SegAN'** 0.7 . 2019 106 SliceMgp“’” 42 1.0.0 2020
47 Segmentator'®® 4 1.6.0 2021 107 SDM;”“ 279 6.21.0 2019
Image Registration 108 SpM*’* 111 12.0.0 2020
48 AAL%6 47 3.1 2020 Neuroimage Visualization
49 ARV 0.99 5.3.0 2010 109  FreeSurfer’®! 3100 7.2.0 2021
50  ART'® 6 1.07.1 2018 110 IClinfMRI*** 15.33 - 2021
51 bUnwarpJ'® 0.1 2.6.12 2021 111 Papaya™’ 121.1 - 2019
52 elastix'** 27.7 5.0.1 2021 Image Data Management and Annotation
53 IRTK*” 0.6 1.0.0 2015 Image Format Management
54 MIRTK'*® 313.71 2.0.0 2021 112 BrainMapN 204.9 0.2.3 2017
Image Surfacing 113 Dinifti**® 0.7 2.3.3 2013
55  ANTs'’ 21.3 235 2021 114 Icbm2tal®”’ 204.9 0.2.3 2021
56 iso2mesh'®” 160 5.14.0 2021 115  MENGA™ 3 3.1.0 2016
57  Mango'®' 65 4.1.0 2016 116  MRIcro™” 8 1.39.0 2021
58 NMTX 286.5 21.2 2021 117 MRIcron™” 17.31 1.0.0 2021
59 SUMA!%* 90.9 4.4.7 2021 118  NiBabel'*” 3.3 3.2.1 2021
60 Surfing'®® 249.8 4.14.0 2020 119 PyNWBf“ﬁ 1.14 2.0.0 2021
Structural Data Analysis 120 XNAT*® 8 1.8.2 2018
3D Image Analysis DICOM File Management
61 3D Slicer'®’ 503 4.11.0 2021 121 DCMTK’"” 11.4 3.6.5 2021
122 DIANA®'* 9.5 2.1.5 2018
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Table 3 (continued)

No. Software Download Version Last
size Update
123  DicomBrowser’'” 8.1 1.7.5 2020
124  DICOMweb®?? 0.021 0.40.0 2019
125  GDCM** 2.6 2.8.9 2021
126  HeudiconV°* 0.341 0.9.0 2021
127  MIPAV®* 100 10.0.0 2019
128  odil**® 44.9 0.8.0 2021
129  VV: the 4D viewer”* 15.2 1.4.0 2021
130  WEASIS™* 38 3.7.1 2021
Table 4
The table enlists MATLAB-based tools included in
aXonica.
No. MATLAB plugins
1 AAL'®°
2 ALVIN'??
3 ArtRepair”°
4 ASLtbx'%?
5 BFAST3D'®?
6 Brainstorm'”*
7 calcFD'7?
8 CONN*?
9 CoSMoMVPA”?
10 DynamicBC'”*
11 GAT'””
12 GLMdenoise®®
13 IClinfMRI**
14 iELVis*®
15 imlook4d”’
16 iso2mesh'®’
17 Lead-DBS**"
18 MENGA®"°
19 NeuroEIf*°”
20 PANDA*
21 PaCER'"*
22 PRoNTo 180
23 ROAST**!
24 seg 107
25 SimTB>**
26 SpM*7*
27 Surfing'®®
28 The Virtual Brain 235
29 VistaDisp®*®
30 VISTASOFT'#*

5. Discussion

Together, NeuroDebian,”® BIDS app,24 Flywheel,25 Qmental,26 Bou-
tiques,27 Brainlife,”® Neurodesk,?’ and aXonica provide researchers and
teachers with software that easily installs tools related to neuroscience.
Most solutions cover neuroscience in general, some are dedicated (like
aXonica to MRI-based neuroimaging), while others have a wider scope.
For instance, NeuroDebian has only 4 tools for distributed computing,
13 for Electrophysiology, 26 for MRI, 3 for modeling, 1 for education,
and 8 for Psychophysics, collectively containing 51 tools for
neuroscience.”

Overall, all these solutions complement each other. BIDS App is
focused, dedicated to the BIDS format, and slowly emerging as a stan-
dard for neuroimaging.’* Boutiques is more flexible, facilitating its
pipelines to be easily installed as separate containers, validated, pub-
lished, and executed.?’*>3! Flywheel” and Qmenta®® are propriety,
and perhaps will evolve further to cater better to serve revenue gener-
ating users, leaving four for users looking for ‘free for use’ tools, i.e.,
NeuroDebian,?® Brainlife,”® Neurodesk,® and aXonica.

Compared within these four and one additional BIDS App, aXonica is
focused on MRI-based neuroimaging and unbiased towards any
formatting standards. The selection process allowed the authors to sur-
vey 318 software, select and encapsulate 130 tools geared towards MRI-
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based neuroimaging.

aXonica presents more than 150 shell scripts encapsulated with
graphical user interfaces for researchers and educationists to point-and-
click their way to developing software workstations to study MRI-based
neuroimaging, see Fig. 2. It contains 130 tools encompassing the entire
analysis, see Fig. 1, Tables 2 and 3.

It is pertinent to mention that some tools presented in aXonica span
the entire MRI-based analysis shown in Fig. 1. However, as research in
MRI continues to evolve, it is appropriate to mention that some of these
tools do not necessarily include all the steps shown in the analysis.
Therefore, the authors have included the names of these tools at the
bottom of Fig. 1, while Table 2 indicates that some of these tools span
the entire MRI-based analysis.

aXonica is based on Ubuntux64 and is available for Windows and
macOS, through virtualization (see Supplementary Section). To ensure
the robustness and longevity of aXonica’s installation was processed on
Ubuntu 18.04 LTS and Ubuntu 20.04 LTS.

It is pertinent to mention that research groups having good funding,
can circumvent many of the fundamental problems arising from main-
taining and using neuroinformatics tools by hiring local, talented, IT
support.

Lastly, admittedly so, there exists a lot of overlap and multiplication
of labor within these four. Perhaps a joint working committee from these
four solutions can collaborate to work together a unified scheme,
helping both standardize existing frameworks while catering to a
multitude of students, researchers and professionals.

6. Conclusion

This paper presents aXonica, a solution comprised of a GUI-based
installation package consisting of 130 MRI-based neuroimaging tools.
aXonica is freely available under the GPL v3.0 license. It comes with a
detailed supplementary section encompassing tutorial data-sets, version
history, and a step-by-step guide. Moreover, to ensure the longevity of
aXonica, authors tested and verified its running on both Ubuntu 18.04
LTS and Ubuntu 20.04 LTS, and through virtualization on Windows.

It is pertinent to mention that giving due respect to the community,
the authors restricted themselves from suggesting any particular pipe-
line or a suggested list of tools. The readers/users are expected to install
and work on those tools that are consistent and work together smoothly.

Moreover, based on recommendations from the community, the
authors intend to update aXonica every three to four years (provided
funding is available). It is highly likely that the number of tools available
in aXonica may change over time. For instance, tools that require users
to (i) register, or (ii) accept license, or (iii) may become paid software, or
(iv) were published more than ten years ago and are not popular (have
citations less than 100) with the research community will be dis-
continued. Whereas, tools (i) published until the next cycle of revision,
or (ii) have been missed, or (iii) receive several recommendations by the
community while adhering to the selection criterion addressed in Sec-
tion 3 will be added in the next cycle.

In summary aXonica is a one-stop solution for developing software
workstation for researchers and teachers. It (i) covers the entire MRI-
analysis, (ii) is compatible with popular operating systems, (iii) up-to-
date with recent tools, (iv) is user friendly, (v) supports sMRI, fMRI
and dMRY, (vi) flexible, (vii) transparent, and (ix) allows for reproducing
the analysis for MRI based neuroimaging.

Additional information

@ Name: aXonica

@ Current Version: v4.0

@ URL: https://github.com/mominaj/aXonica-bin

@ Operating System: Ubuntu 18.04 LTS, Ubuntu 20.04 LTS through
direct use, Windows and macOS through virtualization.

@® License: GNU General Public License (GPL v3.0)
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aXonica v4.0 Setup x
@ Dependencies Installed aXonica va.0 Setup - o @

Following Dependencies are installed:

>wget
Superuser Passw x e
> Libraries

>TelLibraries
>Python3 and pip3
>curl .
> Python Modules :
Type your password Srton oNiC
>Anaconda
>spm12
>Qt =
Password: |
Install
Setup Installation will now proceed. Click Next to continue. Uninstall
Cancel OK —
Cancel Next 2
(1) Administrative privileges screen (2) Installed Dependencies Screen (3) Install Screen
aXonica v4.0 Setup - X aXonica v4.0 Setup - X aXonica v4.0 Setup - X
Image Preprocessing Image Processing Structural Data Analysis Software
Select the software for Image Preprocessing you want to install. Select the software for Image Processing youwant to install. Select the software for Structural Data Analysis youwant to install.
Softwar me Size (MB \ Select Sofware r - Size (MB Sele Software n: Size (MB n
wxserssnaes 30 Image Analysis *+seeseeses
Imagevis3D 13.2 3.1.0 Segmentator 4.0 i Brainstorm 59.0 21.00
BoneJ 07 1.0.0 BrainSeg3D 416 H ImageJ 5.5 153.0.0
Dipy 1.6 1.4 1K 88 E nipype EIRT] 1.6.1
Anatomist (BrainVISA) 3400 5.0.2 BEaST 0.5 ' VISTASOFT 38.4 1.0.0
JsT 439 3.20 RMNMS 01 ¢ TINA 0.06 0112
Vistabisp 133144 - CMP-BIA 01 ¢ calcFD 055 31.00
iELVis 1 - E-Snake 01 H PRONTo 249 214
MeVisLab 2000 3.4.2 pyClusterROl 31 2 Nitime 6.2 0.5.0
MITK 163 18.04.02 HeteroscedasticfMRI 21 1 DynamicBC 14.74 220
Nilearn a7 080 ALVIN 189 1 BFAST3D 02
imlookad 18.8 582 MANTIS 20,02 . 3Dslicer 503 4110
MIA 42 247 SegAN 07 . DCEMRI 4.0 051.0
cancel oK cancel oK Cancel oK
(4) Image Pre-processing Selection (5) Image Processing Selection Screen (6) Structural Analysis Screen
Screen
FE—— . 5 N aXonica v4.0 Setup - @
Diffusion Data Analysis Software Functional Data Analysis Software
. ) Image Data Management and Annotation Software
Select the software for Diffusion Data Analysis you want to install Select the software for Functional Data Analysis you want to install.
e rp— == s Selact | Tool name = Var: Select the software for Image Data Management and Annotation you want to install.
[ srweewers Neuroimage Analysis rreeseesers | .
MRUrix3 19.6 303 FsL 0.09 6.0.4 :
MITK-DI 159 10.23.0 BrainVIsA 3400 5.0.2 BrainMep; 2049, 023
The Virtual Brain 1200 230 SPM m 12.00 s e i
SimTB 29 18.0.0 Brainvoyager 501 22,00 MENGA 30 310
Tractography NeuroEIlF 271 1.1.0 FINWE L4 200
dinri 82.7 3.20 BRAINSToOL: 30.0 5.4.0 iEameial e s
gle ';:m so‘3 1 0 NMT o s> 5 2. .2 HiBabel 2 i
I(-El' ! AT s - MRicron 17.31 100
brainGraph 14 3.00 bgsmtr 38 0.7.0 b P 155%
Braintome DiffusionKit 50.1 1.5.0 sliceMap 42.0 1.0.0 Dinifti 07 233
PANDA 100 134 GC-LDA 197.75 . +east DICOM File Management #++s+
Dsi studio 75.4 21.08.0 wawssrss Nouroimage Visualization *+ssssss DEMTK 14 165
XNATView (XNAT) 80 1.8.2 WEASIS 380 371
Cancel oK cancel oK cancel oK
(7) Diffusion Data Analysis Screen (8) Functional Data Analysis Screen (9) Data Management and Annotation
Screen

Fig. 2. The figure shows some dialog boxes that appear during the installation process (for brevity, only a few screens are shown). The installation begins by (1)
getting the superuser password, (2) checking the internet connection. If the system has a stable internet connection, installation of aXonica begins by installing
required dependencies, followed by a (3) Install screen, followed by (4) Image preprocessing Selection screen (5) Image Processing Selection screen (6) Structural
Analysis Screen (7) Diffusion Data Analysis Screen (8) Functional Data Analysis Screen and (9) Data Management and Annotation Screen. As shown above, by (a)
demarcating tools with respect to their corresponding analysis component, (b) mentioning their download size, and (c) version, the authors hope that users obtain
sufficient help in choosing the set of tools needed for their MRI-based analysis.

@ Internet Connection: Required CRediT authorship contribution statement
@ Contact: mominaj05@gmail.com; bilalwajidabbas@hotmail.com
@ Note: Administrative privileges are required to install the software. Bilal Wajid: Conceptualization, Formal analysis, Funding acquisi-
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