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Sharing my experience with 
Jupyter notebook in 

musculoskeletal imaging
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I had to segment and analyze some knee 
images…

• Collaboration with scientists 
with limited experience in 
medical imaging
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I had to segment and analyze some knee 
images…

• Collaboration with scientists 
with limited experience in 
medical imaging

• They needed code to extract 
measures of OA progression
• Femoral cartilage thickness 

and relaxation times
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First thing: Segmentation!



I looked for existing algorithms around…

5Bonaretti S, Gold GE, Beaupre GS (2020) pyKNEEr: An image analysis workflow for   
open and reproducible research on femoral knee cartilage. PLoS ONE 15(1): e0226501



I looked for existing algorithms around…
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Out of 29, only 2 implementations were open source!!!

Bonaretti S, Gold GE, Beaupre GS (2020) pyKNEEr: An image analysis workflow for   
open and reproducible research on femoral knee cartilage. PLoS ONE 15(1): e0226501



What to do?

• I was not interested to create another 
algorithm
• There were already 29 around!

• I needed to create a pipeline to        
preprocess, segment, and analyze knee
• Use of already existing algorithms
• Focus on “putting the pieces together” and 

ease of use
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Image from: 
https://dribbble.com/shots/964040-Blog-Illo-gif

https://dribbble.com/shots/964040-Blog-Illo-gif


Somehow I started…
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• Initially, I wanted to use Matlab
• It was what I knew, and I already had some code
• But it is not open source! Not everybody has a Matlab license 
• I did not want to write new closed source code (and be the 28th!)

• So I started in C++
• I could use open libraries: ITK and elastix
• But I had to create executables in Windows - I work in MacOS!
• Command lines are not ideal for people with limited coding 

experience and coding in C++ is hard for me
• Pipeline still fragmented (e.g. code vs. visualization)



But I was still looking for a better solution…

• A statistician showed me 
reproducible workflow 
using R markdown
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But I was still looking for a better solution…

• A statistician showed me 
reproducible workflow 
using R markdown

• There was something 
similar for python, 
something new which 
was getting more and 
more popular… 

Jupyter notebook!!!
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What is Jupyter notebook?
• Web-based application integrating:

• Narrative: text, equations, figures
• Live code

• Several kernels: python, C++, R, …
• Visualizations (graphs, 3D renderings, …)

• Favors:
• Reproducibility of computations
• Sharing among researchers
• Integration in publication

• Advantages:
• Works for all OS
• Runs on laptops and clusters
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So where did I start?
• I had to learn: 

• Jupyter and its environment
• python 
• python packages: 

• numpy, matplotlib, SimpleITK
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• I started learning from:
• Online tutorials - YouTube
• Blogs
• Live coding, e.g. 

• https://www.learnpython.org/
• https://www.w3schools.com/python/

• I had to implement a workflow:
• Image preprocessing
• Cartilage segmentation
• Analysis

• I started by:
• Translating the code I already had

• Focus on language, not algorithm
• Looking for solutions online

• Blogs, stack overflow, etc.

https://www.learnpython.org/
https://www.w3schools.com/python/


And this is how created                      !
• An image analysis workflow for open and reproducible

research on femoral knee cartilage
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Structure of 

• Each part has one (or two) Jupyter 
notebooks as a user-interface
• From data upload to result visualization in one 

file

• “Behind” the notebooks there is the 
pyKNEEr python package
• Divided in modules 
• Contains core functions

• User has just to load her/his own images 
and run the notebook
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Structure of Jupyter notebooks in 
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https://github.com/sbonaretti/pyKNEEr
1. Link to GitHub repository

https://github.com/sbonaretti/pyKNEEr
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https://sbonaretti.github.io/pyKNEEr/
1. Link to GitHub repository
2. Link to documentation

Structure of Jupyter notebooks in 

https://sbonaretti.github.io/pyKNEEr/
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3. Introduction

1. Link to GitHub repository
2. Link to documentation

Structure of Jupyter notebooks in 
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3. Introduction

4. User inputs

1. Link to GitHub repository
2. Link to documentation

input_file_name

n_of_cores

output_file_name

... 

Structure of Jupyter notebooks in 
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3. Introduction

4. User inputs

5. Commands
with narrative

1. Link to GitHub repository
2. Link to documentation

Structure of Jupyter notebooks in 
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3. Introduction

4. User inputs

5. Commands
with narrative

6. Visualization 
of outputs

Qualitative visualizations

Quantitative visualizations

1. Link to GitHub repository
2. Link to documentation

Structure of Jupyter notebooks in 
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1. Link to GitHub repository
2. Link to documentation

3. Introduction

4. User inputs

7. References

5. Commands
with narrative

6. Visualization 
of outputs

Structure of Jupyter notebooks in 
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3. Introduction

4. User inputs

7. References

8. Dependencies

5. Commands
with narrative

6. Visualization 
of outputs

à Reproducibility of computational environment

1. Link to GitHub repository
2. Link to documentation

Structure of Jupyter notebooks in 



Jupyter Community | MSK

• We got a Jupyter Community Workshop grant!
• To start building the Jupyter community in MSK imaging
• Workshop, June 7-9, 2020 à Online meeting June 7, 2020

• We span across the globe
• UCSF, CU Denver, U. Calgary, UNC, ITK, U. Leuven, U. Lund,                  

I.O. Rizzoli, U. Melbourne  
• We aim to create open and reproducible workflows by
• Combining existing code to overcome fragmentation
• Creating new code with structured guidelines
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Practical tips to 
create workflows with

Jupyter notebook
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Learn from free online material
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Jupyter notebook and 
python for scientists

Video tutorials

Scipy, pyData

Hands-on tutorials Notebook Examples

Nipype

Deep Learning Toolkit

pyKNEEr

SimpleITK notebooks

SPIE 2019 workshop

OpenMR Benelux 2020

Imperial College Course

https://www.youtube.com/playlist%3Flist=PLj8QFvBykB7fGEH274TlqhToqGd_Qxt1H
https://www.youtube.com/user/EnthoughtMedia/videos
https://www.youtube.com/user/PyDataTV
https://miykael.github.io/nipype_tutorial/
https://github.com/DLTK/DLTK/tree/master/examples/tutorials
https://sbonaretti.github.io/pyKNEEr/
http://insightsoftwareconsortium.github.io/SimpleITK-Notebooks/
https://simpleitk.org/SPIE2019_COURSE/
https://github.com/sbonaretti/2020_OpenMR_jupyter
https://github.com/ozan-oktay/Medical-Image-Analysis-IPython-Tutorials


Open a new notebook…
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• Write the narrative

• Write code

• Run cells in sequence



Start optimizing the code…
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image_measurements.py

• Move reusable functions to a python 
module

• In the notebook:
• Import the module
• Call the function



Keep the notebook human readable
• Organize the narrative:
• Title of the notebook
• Divide in paragraphs with subtitles
• Introduce code
• Comment the results you obtain

• Organize the code:
• Package imports
• Functions
• Variables
• Workflow body
• Dependencies

28For practical example, see video tutorial: Jupyter notebook and python for scientists

https://www.youtube.com/playlist%3Flist=PLj8QFvBykB7fGEH274TlqhToqGd_Qxt1H


Make the notebook reproducible

• Automatically download data from a repository

• Automate data manipulation

• Define seeds to generate random numbers

• Print dependences
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Sandve et al., (2013) Ten Simple Rules for Reproducible Computational Research, PLoS Comput Biol. 9(10): e1003285.

Rule et al. (2019) Ten simple rules for writing and sharing computational analyses in Jupyter Notebooks. Comput Biol. 15(7): e1007007.
See practical tutorial: How to create a reproducible Jupyter notebook?

https://youtu.be/-9qSUJTuec8


Attach the notebook to the paper

30Bonaretti S, Gold GE, Beaupre GS (2020) pyKNEEr: An image analysis workflow for   
open and reproducible research on femoral knee cartilage. PLoS ONE 15(1): e0226501



Attach the notebook to the paper

31Bonaretti S, Gold GE, Beaupre GS (2020) pyKNEEr: An image analysis workflow for   
open and reproducible research on femoral knee cartilage. PLoS ONE 15(1): e0226501



Share in an executable environment

32See practical tutorial: How to share a Jupyter notebook with Binder?

https://youtu.be/owSGVOov9pQ


So, why should we use 
Jupyter notebook

in medical image analysis?
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Because Jupyter notebooks allow us to:

• Do open and reproducible medical image analysis

• Create image analysis workflows that are complete

• Easily integrate our workflows into our papers
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