AxonDeepSeg: Automatic Myelin and Axon Segmentation Using Deep Learning
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Quantitative MRI techniques that can probe tissue microstructure, A U-net deep learning architecture® was developed in Python with Keras. Data pre-processing steps involve
such as diffusion MRI (NODDI, AxCaliber)!: magnetization resampling the images to a standard pixel size, and generating 512x512 patches. Data augmentations (e.g.,
transfer?, and myelin water fraction imaging?® are under constant rotations, shifting, scaling, etc.) were implemented using Albumentations®. Two models were trained using
scrutiny when it comes to biological specificity (e.g., axon diameter, scanning and transmission electron microscopy (SEM and TEM) datasets, which consisted of rat spinal cords
myelin density, g-ratio). Validation of these techniques can be done (SEM) and mouse brains (TEM), acquisition parameters are detailed in’. Ground truth data was manually
with histology statistics (e.g., axon diameter distribution). segmented to identify three classes: myelin, axon, and background. Model training was performed on high

Problem
Manually segmenting histology images is time consuming and Software & Data

performance NVIDIA P100 GPUs. Models were evaluated on testing data using the Dice coefficient.

prone to inconsistent labelling due to human error. Several The code and demo Jupyter Notebooks are available O O

axon/myelin segmentation tools have been proposed using on GitHub (github.com/neuropoly/axondeepseq),

flexibility and are not fully automatic. (osf.io/bj9eu/). Usage is described in our documentation
website (axondeepseg.readthedocs.io).

conventional image processing techniques?, however they lack whereas the datasets are hosted on OSF.io OO

C)Axc)n DeepSeg

Solution
We propose a deep learning approach in order to overcome these User Interface

limitations, and to offer the neuroscience community a iree and Both a command line interface (CLI) and graphical user interface (GUI) were developed. The CLI is useful for
open source alternative for segmenting myelin and axons in their processing large datasets, whereas the GUI is useful for careful processing and manual correction of small

histology slides: AxonDeepSeg. We also offer a graphical user datasets. The GUI was developed as a plugin for FSLeyes8. Lastly, a post-processing step to generate axon-
interface (GUI) allowing for manual corrections if needed. wise morphometric statistics is available through the GUI.

Results

Figure 1
a) Rat spinal cord SEM histology slice
(1541x1096 pixels).

b) Ground truth mask (manual
segmentation).

c) Mask automatically segmented using
AxonDeepSeg. Segmentation was
completed in 28 seconds on a 2016
MacBook Pro. The pixelwise
accuracy and dice coefficients were :

 for axons: 0.942 and 0.904
« for myelin : 0.858 and 0.810

8 ® FSLeyes

Figure 2
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a) The graphical user interface (GUI) of
the AxonDeepSeg FSlLeyes plugin. =
The plugin lets you import an image, 2% meeses
run and save an automatic
segmentation, manually correct the
mask, and generate a spreadsheet of
morphometric data (b).

b) Sample spreadsheet of
morphometric statistics generated by
AxonDeepSeg. The morphometrics
data exported includes :

e axon-wise position

Overlay st Location
* g-ratio ‘nee e ——
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* axon diameter

* myelin thickness :
« solidity Powered by FSLeyes
* eccentricity

« orientation

- axon and myelin area ao | | e

Conclusion

« AxonDeepSeg’ is a fast, accurate, and open-source tool to automatically segment axon and
myelin in histology images.

« The AxonDeepSeg FSLeyes plugin provides a GUI that makes it easy to use and lets you do
manual corrections when necessary.
Future work will focus on implementing active learning® to improve the efficiency and
performance of deep learning models using scarce data, an important limitation when
considering biomedical images.
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