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Introduction
Neuroimaging plays an important role in clinical neuroscience studies. Carrying out such studies
involves many data analysis steps including image preprocessing, extraction of image-derived measurements and statistical analysis. A similar issue is faced by researchers in machine learning for
neuroimaging: various steps are needed to extract features that are then fed to advanced learning
algorithms. Often, these steps are performed by researchers through ad-hoc combinations of tools
from widely used community software such as FreeSurfer or SPM. Such handicraftsman approach
makes it difficult to: transmit tools and knowledge; reapply tools to new studies due to heterogeneous organization of inputs; merge results of several studies due to heterogeneous organization of
outputs; reproduce results. Major progresses have been made with the Nipype pipelining system
[Gorgolewski et al., 2011], the BIDS data organization standard [Gorgolewski et al., 2016] and
the subsequent adoption of BIDS by various software resulting in BIDS Apps [Gorgolewski et al.,
2017]. Nevertheless, carrying out a multimodal neuroimaging study remains challenging due to the
need to combine tools from various software which each have their specific philosophy.
To address these issues, we present Clinica (http://clinica.run/), a software that aims at making
clinical neuroscience easier and more reproducible.

Methods
Clinica contains three main parts. 1) Feature extraction pipelines for different neuroimaging modalities (currently T1 MRI, diffusion MRI and PET). These pipelines allow to extract different types
of features for each modality: voxel-based features (i.e. tissue density maps from T1, SUVR maps
from PET, FA/MD/RD/AD maps from diffusion MRI), regional features (i.e. average of a given
measurement within a region), anatomical meshes (surfaces of anatomical structures, white matter tracts), graphs (anatomical or functional connectivity networks). The pipelines are written in
Python, based on the Nipype library and combine different softwares (currently SPM, FreeSurfer,
MRtrix, FSL, PETPVC and ANTs). 2) Statistics and basic machine learning tools that take the
different types of features as input. This part currently includes surface-based statistics based on
SurfStat and basic classification methods from Scikit-learn. 3) I/O tools. This part currently includes tools for dataset management as well as tools to curate publicly available datasets (ADNI,
AIBL and OASIS) and convert them into the BIDS standard.
Clinica uses the BIDS standard for inputs. The outputs of the different pipelines are stored
under a specific BIDS-inspired structure called CAPS (ClinicA Processed Structure). In the future,
Clinica could alternatively rely on BIDS-derivatives, to which we aim to contribute.

Results
Clinica is distributed under the terms of the MIT License.
The target audience is mainly of two types:
- neuroscientists/clinicians conducting clinical neuroscience studies involving multimodal imaging, typically not experts in image processing for all of the involved imaging modalities. They will
benefit from a unified set of tools covering the complete set of steps in a study (from raw data to
statistical analysis).
- researchers developing advanced machine learning algorithms, typically not experts in brain
image analysis. They will benefit from: standardized and fully automatic feature extraction; tools to
convert public datasets into BIDS; baseline classification algorithms to which they could compare
their results. Overall, we hope that Clinica will allow them to perform reproducible evaluations of
their method.
We demonstrated that Clinica can be used in these two situations in [Bertrand et al., 2017]
and [Samper et al., 2017], respectively.

Conclusions
Clinica is an open-source software platform for clinical neuroscience. We hope that it will help
researchers to: spend less time on data management and processing, easily share data and results,
make their research more reproducible.
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