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What if we build our work on involuntarily wrong or fraudulent results?
How can we verify that we and our collaborators produce correct results?

7



MIA workflows and their challenges

• Within labs, code is often fragmented
• Proprietary software can limit advancement

• In-house code is tied to the creator’s 
employment
• Hard to reuse and extend by new members

• Need for algorithm comparisons and 
standardization across labs
• Faster advancement of research 
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The answers to these needs are 
Openness and Reproducibility

We need to be able to:
Assess correctness of scientific claims

Build on reliable previous work
Compare and validate methods and algorithms

9



What are Openness and Reproducibility?

• Openness refers to the free availability of data, software, and 
methods developed by researchers with the aim to share 
knowledge and tools to professionals and citizens (Woelfle 2011)

• Reproducibility is the ability of researchers to duplicate the 
results of a previous study using the same data, software, and 
methods used by the original authors (Bollen 2015) 
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https://www.nature.com/articles/nchem.1149
https://www.nature.com/articles/nchem.1149
https://www.nsf.gov/sbe/AC_Materials/SBE_Robust_and_Reliable_Research_Report.pdf


The open and reproducible research movement

• About 15-10 years ago, scientists started to 
question more and more the way they work
• Bottom-up movement

• Creation/explosion of tools to make research 
open and reproducible
• Zenodo, Jupyter notebook, …

• Science is more and more intended as a 
collective effort
• Creation of communities
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The Open and Reproducible Musculoskeletal 
Imaging Research (ORMIR) Community
• More than 70 international researchers from 

industry and academia

• Goals
• Create open code to analyze MSK images
• Standardize image acquisition and management
• Promote a culture of openness and reproducibility

• Code of conduct
• Inclusive, friendly, respectful, considerate 

12



The Open and Reproducible Musculoskeletal 
Imaging Research (ORMIR) Community
• 6 Working groups who create code and manage data

• Biomechanics, High-res CT, Knee, Muscle, ORMIR-MIDS, Spine

• Community and Technical Advisory Boards
• Guidelines and templates (ormir.org) 

• Events 
• Hackathons, Workshops at QMSKI 
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http://www.ormir.org/
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What’s a research output?

15
Bonaretti et. al. Open and reproducible research in musculoskeletal imaging: why it matters and how to implement it with the guidelines 

of the Open and Reproducible Musculoskeletal Imaging Research (ORMIR) community (https://doi.org/10.1093/jbmrpl/ziag025)
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Find the template on www.ormir.org/templates.html!

http://www.ormir.org/templates.html
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Data and metadata

• Data provenance
• Raw/derived data

• Open file formats
• E.g., .csv instead of .xlsx
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Sharing data

• Discuss sharing data with your supervisors/institution!
• See the ORMIR Data Sharing Guidelines (www.ormir.org/data_sharing_guidelines/) 

• At least 3 types:
• Institutional (E.g. escholarship.org/uc/ucsf)
• Topic-specific (E.g. openneuro.org)
• Generic (E.g. Zenodo, Figshare)

• Why a data repository?
• They provide a DOI

• Link to personal repositories often get deleted
• Citations!

• They can provide version control

• License
• Online material is automatically protected by copyright
• Creative Common licenses / Institutional licenses
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Data

https://creativecommons.org/about/cclicenses/

https://www.ormir.org/data_sharing_guidelines/
https://creativecommons.org/about/cclicenses/
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• Python (R, Julia, …)
• Look at the available packages in your field! 

• Write code and documentation for humans!
• Style guide for Python Code    

(https://peps.python.org/pep-0008) 

• NumPy documentation guide 
(https://numpydoc.readthedocs.io/en/latest/format.html)

docstring HTML documentation

Read
The

Docs

21

Code

Code and open source
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Computational narratives

• Jupyter notebook / R markdown
• Integrating and structuring narrative, 

images, and code → a way of thinking!
• Used for drafting, reports, use cases, …
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Computational narratives

• Creation of reproducible workflows
• Automatically download data from a repository
• Automatic intervention for data analysis 
• Dependencies, i.e., versions of libraries and 

machine

github.com/rasbt/watermark

• Jupyter notebook / R markdown
• Integrating and structuring narrative, 

images, and code → a way of thinking!
• Used for drafting, reports, use cases, …
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Code

Find the template on www.ormir.org/templates.html! 

https://github.com/rasbt/watermark
http://www.ormir.org/templates.html


Version control and licenses

• Version control
• GitHub/Zenodo allows code citations
• Find the template for the README.md file on www.ormir.org/templates.html

• Open source license
• Permissive / Restrictive

https://choosealicense.com/appendix/
24

Code

http://www.ormir.org/templates.html
https://choosealicense.com/appendix/
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Sharing the findings

• Openly share our work reports
• Preprints on archive or Zenodo/Figshare
• Open access in traditional journals
• Specific journals for code and data 
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Towards reproducible publications

• Share information about data and code
• Reproducible analysis and graphs
• SciPy proceedings are Jupyter notebooks! 

https://proceedings.scipy.org/2025

Bonaretti 2020, https://doi.org/10.1371/journal.pone.0226501 27

Publications

McCormick 2024, https://proceedings.scipy.org/articles/TCFJ5130 

https://proceedings.scipy.org/2025
https://doi.org/10.1371/journal.pone.0226501


What now?
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Take home message

• Open and reproducible research is a way of working that 
supports researchers’ needs!

• Nowadays, we have all the tools to do open and 
reproducible research!

• Find plenty of material on www.ormir.org: templates, 
code and data guidelines, resources to learn more

• It is a learning process! We are not alone! So, just…
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Some references

• Ten simple rules for writing and sharing computational analyses in Jupyter Notebooks             
(Rule et al, doi.org/10.1371/journal.pcbi.1007007)

• Ten simple rules for reproducible computational research                                                         
(Sandve et al, doi.org/10.1371/journal.pcbi.1003285)

• Ten simple rules for taking advantage of Git and GitHub                                                              
(Perez-Riverol et al, doi.org/10.1371/journal.pcbi.1004947

• Good enough practices in scientific computing                                                                            
(Wilson et al, doi.org/10.1371/journal.pcbi.1005510)

• A quick guide to software licensing for the scientist-programmer                                              
(Morin et al, doi.org/10.1371/journal.pcbi.1002598)

• Toward the Geoscience paper of the future: Best practices for documenting and sharing 
research from data to software to provenance (Gil et al, doi.org/10.1002/2015EA000136) 

• Jupyter: Thinking and storytelling with code and data                                                                 
(Granger & Peréz, doi.org/10.1109/MCSE.2021.3059263)
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https://doi.org/10.1371/journal.pcbi.1007007
https://doi.org/10.1371/journal.pcbi.1003285
https://doi.org/10.1371/journal.pcbi.1004947
https://doi.org/10.1371/journal.pcbi.1004947
https://doi.org/10.1371/journal.pcbi.1005510
https://doi.org/10.1371/journal.pcbi.1002598
https://doi.org/10.1002/2015EA000136
http://www.doi.org/10.1109/MCSE.2021.3059263
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