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Abstract

Motor Neuron Diseases (MNDs) represent a group of fatal
neurodegenerative disease that attack the nervous system’s motor neurons
(MNs). One member of the MNDs’ family is Amyotrophic Lateral Sclerosis
(ALS) which causes gradual muscle weakness, leading to death, with an
average life expectancy 2-5 years from diagnosis. Experimentally,
abnormalities were found in spinal MN electrical behavioral long before
clinical symptoms manifestation, sparking the idea of developing an approach
that could recognize irregular patterns in MN firing with the goal of early ALS

diagnosis.

In this thesis, we propose a machine learning approach to discriminate
between ALS and normal MN firing, by analyzing MN spiking trains. This
approach was tested on two datasets: a simulated dataset generated from a
high-fidelity computational model of spinal MNs under normal and ALS
conditions, and an experimental dataset recorded from normal and ALS
transgenic mice. Our analysis depended on extracting three
electrophysiological markers: namely, spiking latency, spike-triggered
average signal, and inter-spike interval histogram. Moreover, we developed
an approach to infer MN connectivity graphs as another marker. We developed
a classification approach that uses the extracted markers as input. Our results
demonstrate the ability of our approaches to detect ALS firing from the normal
MN firing by reaching classification accuracies of ~99% on simulated data
and ~81% on experimental data. These results indicate the utility of using

machine learning techniques for the ALS diagnosis from MN activity.



Thesis Summary

Two analysis approaches were performed on simulated and experimental
animal data based on the analysis of motoneuron spike train data to recognize
the firing activity of ALS disease. In the simulated data, spiking latency, spike-
triggered average signal, and inter-spike interval histogram were extracted and
classified using a machine learning approach. Moreover, MN connectivity was
investigated using a statistical-based method. The results achieved accuracies
of ~99% using both extracted features and MN connectivity, showing a
premise to be suggested as markers for ALS cellular changes. In the
experimental data, a classification approach was proposed, based on the
classical method of spike generation and features from the simulated datasets.
Additionally, the spike generation method was modified to design a new
method of classification. The results obtained achieved accuracies of ~81%.
demonstrating the feasibility of discriminating between ALS and control

experimental data of ALS progression.

The thesis is organized as follows: Chapter 1 gives an introduction to our
research and presents the main research contributions. Chapter 2 discusses the
theoretical foundations related to the thesis. Chapter 3 illustrates the analysis
methods and results on the simulated datasets, highlighting the extracted
markers and the classification results, in addition to analyzing the connectivity
between motoneurons. Chapter 4 demonstrates our analysis approach applied
to experimental data recoded from mice, presenting the classification accuracy
obtained using the proposed approach that utilizes a novel method of spike

generation. Chapter 5 concludes the thesis and discusses potential future work.

Keywords: ALS, MND, Neurological Disorder, Machine Learning,

Computational Neuroscience, Spike Trains Analysis.
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