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Introduction



Small Fiber Neuropathy

» Caused by damaged small unmyelinated nerve fibers.
» Affects an estimated 15-20 million people in the USA.

» Symptoms include abnormal sensations of numbness, burning,
cold, and prickling.



Small Fiber Neuropathy
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Skin biopsy

» Skin biopsy is often used
as investigation tool by
determining the skin
innervation[1].

» Immunostaining is used
to make nerves visible
under a bright-field
microscope.




Skin biopsy

FigUre: TWO
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Skin biopsy

Figure: A region of interest



Skin biopsy

» Intra-Epidermal Nerve Fiber Density (IENFD) is the
dermis/epidermis nerve crossing density.




Problem difficulty

Figure: Discontinuations in the imaged nerve
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Problem difficulty

» Bright-field images have a lower contrast and higher
brightness variation.
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(a) Immunofluorescence (b) Bright-field



Conventional method

» Pontenagel [2] developed an automated nerve fiber detection
technique using conventional tools in 2017.
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(a) Input image  (b) Frangi filter (c) Tensor voting  (d) Skeleton



What is deep learning

Figure: A miniature computation graph (colah.github.io)
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What is deep learning
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Figure: Gradient descent




What is deep learning

An excellent book on this topic: |. Goodfellow, Y. Bengio, and
A. Courville, Deep learning. MIT Press, 2016,
http://www.deeplearningbook.org.


http://www.deeplearningbook.org

Deep learing advances
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Deep learing advances

250
200
150 |

100

Number of papers

50

0 - — . — _ Hm. _ II e | [T

2012 2013 2014 2015 2016 2017

m Al mCNN RBM RNN m AE m Other m Multiple

Figure: Deep learning in medical image analysis[4].



Methods



Neural network model
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Learning target

(a) Transformed image patch (b) Ground-truth



Training

All data (96 images of 640x448)

Network 1
Network 2
Network 3
Network 4
Network 5

Figure: Division of the available data to train five networks.



Spatial distance metric

Figure: Two imaginary nerves.



Spatial distance metric

D(A, B) = average {Distances from A to B}

D(Pred, Truth) + D(Truth, Pred
SD(Pred, Truth) = (Pred, Truth) + D(Truth, Pred)

2



Results



Training results

a) Input image ) CNN 1 ) CNN 2

) CNN 3 ) CNN 4 ) CNN 5



Cross-validation
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Cross-validation
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Median prediction

) CNN1 ) CNN2 ) CNN3

) CNN4 ) CNN5 (f) Median




Final results
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Further work

» Improve training data quality and quantity



Further work

» Improve training data quality and quantity

» Reduce model size by removing unused filters



Further work

» Improve training data quality and quantity
» Reduce model size by removing unused filters

> Integrate results in secondary neural network for counting



Questions

For a PDF file of the slides and thesis, visit:
http://bit.ly/bergwerf2018

(these documents will also be uploaded to the TU Delft research repository)


http://bit.ly/bergwerf2018
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