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ABSTRACT

Neuromuscular diseases (NMD) affect the neuromuscular system, which includes
nerves and muscles. These conditions disrupt the communication between nerves and
muscles, leading to various issues. NMD encompass a diverse group of conditions that
impact the muscles, nerves, neuromuscular junctions, and motor neurons. As per the World
Health Organization (WHO), there are around 1.70 billion individuals globally who are
afTected by muscle disorders. Over 17 million individuals, including both infants and adults,
experience either premature mortality or lifelong disability on a global scale. NMDs are the
primary cause of disability on a global scale, affecting over 160 nations. The diagnosis of
NMD can be challenging and even delayed, owing to the diversity in clinical presentation.
Neuromuscular disorders are a term that involved many different medical conditions that
impair the functioning of the muscles. These disorders cause muscular weakness and/or
wasting, it also changes the morphology and physiology of a muscle. Myositis is the most
common NMD condition caused by the immune system's assault on the muscle cells,
resulting in muscle weakening.

Distinguishing between different kinds of Myositis such as PolyMyositis (PM),
DermatoMyositis (DM), and Inclusion Body Myositis (IBM), poses a considerable
difficulty, resulting in incorrect diagnosis and delayed treatment for patients with IBM,
which can lead to muscle wasting. Moreover, Data availability for myositis is limited, with
a scarcity of high-quality labelled datasets. Also, the presence of diverse patient
demographics, disease stages, and imaging modalities adds complexity to the process of
training models. Radiologists may encounter difficulties when interpreting ultrasound
pictures due to the presence of artefacts, noise, and low-contrast tissues, which can lead to
ambiguity. This research presents a novel light weight hybrid computer-aided model that
can accurately Segment and distinguish between several categories: PolyMyositis (PM),
DermatoMyositis (DM), and Inclusion Body Myositis (IBM).

A New assistive tool for ROI detection and Classification of inflammatory myositis PM,
Dm and IBM based on a modified lightweight Architecture You Only Look Once (YOLO
v5) is proposed named YOLO-CSE. The feature extraction was improved by integrating
the Convolutional Block Attention Module (CBAM) and the Spatial Pyramid Pooling-Fast
Plus (SPPF+). Moreover, four classification procedures were implemented to ensure the
effectiveness of the model by distinguishing between normal categorization and the various
types of disorders (DM, IBM, and PM). The proposed YOLO-CSE achieved highly
acceptable accuracy, precision, recall, and F1-Scores for the different strategies. The
suggested model achieved an average accuracy for binary and multiclass classification
above 98% and average precision above 96%. The results demonstrate that the proposed
model accurately detects and classifies inflammatory myopathies. A noteworthy
improvement in F1-Score was produced reaching 7.90% when compared to state-of-the arts.

Segmentation can improve the visualization of medical ultrasound images by highlighting
the region of interest and reducing the image’s complexity by reducing the quantity of
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data that must be processed. This research presents a unique supervised segmentation
architecture that can efficiently learn from a fair amount of medical images to efficiently
perform accurate segmentation tasks at low computing cost. Our model utilizes a novel
encoder-decoder architecture that incorporates an attention mechanism and Group
Normalization into a residual convolution block, allowing it to acquire and analyze image
data at several resolutions within the encoder segment. On a benchmark set of myositis
ultrasound pictures, the suggested method achieves state-of-the-art performance across all
metrics including Precision, Recall, mean Dice coefficient, Jaccard index, and Accuracy.
The proposed method exhibits high generalization capabilities, producing outstanding
results despite having access to a modest sample of training data. The proposed model
achieved remarkable improvement in terms of accuracy compared to Unet++, DeepLabV3
and the original Deep Understanding Convolutional Kernel (duck) architecture which
reached up to 12%, 7% and 2% respectively. In addition, the proposed model also
accomplished a noticeable improvement in terms of Dice Coefficient extended to 13%, 11%
and 5% respectively, when compared to the traditional models Unet++, DeepLabV3 and the
original duck architecture respectively.

Additionally, for a more of a real time model that can assess clinics and doctors, this
research presents a new supervised segmentation architecture that can efficiently perform
precise segmentation and classification of Myositis from ultrasound images with few
computational resources. The architecture of our model includes a unique encoder-decoder
structure that integrates the Bottleneck Transformer (BOT) with a newly developed
Residual block called MCG RB. This block effectively captures and analyzes ultrasound
image input inside the encoder segment at several resolutions. Moreover, the BOT module
is a transformer-style attention module designed to bridge the feature gap between the
encoding and decoding stages. Furthermore, multi-level features are retrieved using the
MCG-RB module, which combines multi-convolution with ghost switchable residual
connections of convolutions for both the encoding and decoding stages. The suggested
method attains state-of-the-art (SOTA) performance on a benchmark set of myositis °
ultrasound images across all parameters, including Accuracy, Precision, Recall, mean Dice
coefficient, and Jaccard index. Despite its limited training data, the suggested approach
demonstrates remarkable generalizability by yielding exceptional results. The proposed
model showed a substantial enhancement in accuracy when compared to segmentation state-
of-the-art methods such as Unet++, DeepLabV3, and the original duck design. The Dice
Coefficient and Jaccard Index obtained improvements of up to 3%, 6%, and 7%,
respectively, surpassing the SOTA methods.
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