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Abstract

Various diseases have emerged in recent time, which were not known to our
ancestors, or they have limited deployment. The diversity of these diseases led doctors
to face difficulties in diagnosing these diseases, especially when they are rare and
chronic such as Myasthenia Gravis (MG) disease. Additionally, patients suffer a lot
before being diagnosed correctly.

The purpose of this thesis is to develop an ontology-based approach that would
help doctors to diagnose the Myasthenia Gravis disease and to recommend treatments
and practices that may decrease the Myasthenia Gravis impact.

We reviewed several approaches and ontologies that deal with diseases such as
diagnoses, patient-records, clinical decision support systems and healthcare systems.
We tried to reuse that ontologies, but most of it is general ontologies for several
diseases and does not focusing on specific one. Because of that we find ourselves
having to develop a specific ontology for the Myasthenia Gravis disease to achieve our
goals because the Myasthenia Gravis is totally different from most of the diseases.

The proposed approach consists of a knowledge base (ontology and instances)
and several modules such as querying, reasoning, diagnosing, and recommending
treatments. A system prototype is developed with web application. It receives users'
inputs such as symptoms, then returns the results in the form of query results, diagnosis
results or recommended treatments and practices.

The user of the system (which is a doctors), can select patient's symptoms or
query about the MG disease. The system would help these doctors to decide if this
patient suffers from MG disease or not, then can provide a recommended treatment for
this patient through the enriched knowledge base (ontology and various instances).

We made a preliminary evaluation to evaluate the diagnosing accuracy by
entering information about a number of persons infected with MG disease and evaluate
the results. Also, we evaluate the recommending treatments according to a human
expert in Brian and Neurology by comparing his recommended treatments of a patient
with a doctor's prescription who treated that patient, then with the approach
recommendations to that patient. Additionally, we evaluate the efficiency of the
approach by comparing the processes speed with average delay of diagnosing patients.

The approach achieved a rate of accuracy in the results of diagnosing the MG
disease of 86.11%, a rate of accuracy in the results of the recommending treatments of
72%. These are a better result compared to those of doctors' accuracy that treat patients'
cases which is 50%. The average efficiency in the diagnosing process is 0.17 seconds
and in the recommending process was 40 seconds. This time does not compare at all
if we knew that the average delay in the diagnosis of patients' cases was 2.46 years.

Keywords: Myasthenia Gravis, MG, diagnose, disease, treatment, recommendation
systems, ontology and semantic web.
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""Myasthenia Gravis is a thief. It steals your pride, your time, your
life, and leave you with little. MG is greedy. It takes what it wants,
and leaves behind a shadow of what once was"

MG Patient.
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1.1 Background and Context

The enormous scientific and technological progress — that mankind is living today
— keep pace with the emergence of many lethal and deadly diseases, which may be not

known by our ancestors, or it has limited deployment.

Every year a new disease appears at an unprecedented rate, due to several reasons
of radical changes in the way of people's lives these days, ease of travel and movement

between cities and countries, and pollution of the environment in many ways.

The spread of the diseases is accompanied by numerous risks, which negatively
affect the correct way to live for human, as well as that of some of these diseases may
end patient's life, and with the great diversity of these diseases we certainly different

or similar symptoms and diversity of diagnosis and methods of treatment.

That makes doctors face serious difficulties in the diagnosis of some diseases,
especially if they are rare and chronic, as well as patients are facing the same
difficulties or more and the patients suffer a lot before they are being diagnosed
correctly. They can be to diagnosed several times incorrectly, then they are given
wrong treatment or several wrong drugs. All of that certainly negatively affect the
patient, especially on the patient's psychological status, because the uncontrolled of
disease can increase the problem and can reach him to the paralysis or the death, so

that one of them delayed diagnose for twelve years of misery.

The mortality because of the non-communicable diseases were responsible for
68% of all deaths globally in 2012, up from 60% in 2000, that mean the patients who
have died because of the disease is reached to 38.08 million in 2012 only (World
Health Organization, 2014).

One of these diseases which maybe deadly in some cases is the Acquired
Myasthenia Gravis disease (MG), its symptoms are caused by a characteristic Muscle
weakness when exertion that worsens after use of affected muscles. In about two-thirds
of patients, the extrinsic ocular muscles (EOMSs) present the initial symptoms. The
symptoms usually progress to the other bulbar muscles and limb muscles, resulting in

generalized MG (gMG). In about 10% of MG patients, symptoms remain limited to

www.manaraa.com



the EOM, and this condition is termed ocular MG (oMG) (Conti-Fine, Milani, &
Kaminski, 2006).

Early, Myasthenia Gravis disease has incidence about 2-4 per million (Schon,
Drayson, & Thompson, 1996), but nowadays it is probably more than previously
expected. The spreading of the Myasthenia Gravis disease ranges between 0.015-
0.04%, this means that the number of Myasthenia Gravis diagnosed people in the
world's is 150 patients per million (Conti-Fine et al., 2006; Jayam Trouth, Dabi,
Solieman, Kurukumbi, & Kalyanam, 2012).

When we talk about the mortality of Myasthenia Gravis disease, early it has a big
rate such as the diagnosis was epidemiologically defined cohort was followed until
probably limited to the more severely affected patients 1985. Since these patients were

in part survivors of a with mortality rates of 30-40% (Oosterhuis, 1989).

The digital revolution has affected to the human life, which cannot be overlooked,
even sometimes difficult to keep up. It has been controlled in the social, economic and
cultural life style, also the economic development has become closely associated to

the ability of countries to keep pace with this rapid development.

In the addition of this great development, the role of technology in the life began
expanding little by little, and no longer the ‘technology' word strange to the general
public, it has entered into the education, the economy and the industry. Then stepped
in multiple areas such as medicine, engineering, earth sciences and space, until it has

become an essential part in armament and wars.

From the above, we can realize the value of information technology, and no
wonder of that because it was the secret behind the success of countries, and also the
development of these technologies has helped in the detection of a lot of facts and
opened the human eye on the hidden facts which was absent for years especially in the

field of medicine.

The semantic web technologies can be used in medicine field to solve some
problems such as representing and taking into account all inputs about one patient to
provide the best possible solutions about his disease, especially when these data be
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huge such as our case of Myasthenia Gravis disease. Also, the semantic web can
contribute of decision making such as diagnosing diseases, unlike traditional

technologies such as the Web.

The basic component of the Semantic Web, collections of information called
ontologies (Shadbolt, Hall, & Berners-Lee, 2006). An ontology has been defined as a
specification of a conceptualization consisting of a collection of concepts, properties
and interrelationships between concepts that can exist for an agent or a community of
agents. From our point of view an ontology is a set of terms of interest in a particular
information domain and the relationships among them. They can characterize
knowledge in an application or domain-specific manner (domain ontologies) or in a
domain-independent manner (upper ontologies). This set of terms and
interrelationships between them can exist and have been represented in a wide variety
of information artifacts such as thesauri, database schemas and UML models to name
a few (Vipul, Christoph, & Matthew, 2008).

This insight can help to build more powerful and more interoperable information
systems in healthcare and support the need of the healthcare process to transmit, reuse
and share patient’s data. Additionally, the reasoners considered a significant role in the
creating knowledge base, it can provide means to deduce new facts from existing facts
and axioms. Finally, users need means to pose questions to knowledge bases and
retrieve answers to those queries. Ideally, query processing over ontologies take the
meaning — as formally specified via logical axioms — into account when deriving

answers to a query (Suarez-Figueroa, GOmez-Pérez, Motta, & Gangemi, 2012).

So, the ontologies in medicine field are useful and effective approach of
representing enrich medical knowledge base and diagnosis recommendation systems.
Ontologies can help in Myasthenia Gravis disease through representing of patient
information and find a new relations between this information which can be useful to

diagnose the disease, proof a new symptoms and provide recommended treatment.

Most of the related work focused on building some general ontologies for several
diseases and not focusing on a specific diseases expect some type of common diseases

such as cancer and coronary artery diseases as a general too. There is no one — to our

www.manaraa.com



knowledge — used semantic web to serve a particular disease such as the Myasthenia

Gravis.

Patients suffer from a lack of interest from doctors and pharmaceutical
companies. Therefore, they suffer a lot before they are diagnosed correctly, that
certainly negatively affect to the psychological status of the patients, because the
uncontrolled of Myasthenia Gravis disease can increase the problem and can reach the

patients to the paralysis or the death.

The purpose of this research is to develop an ontology-based approach would help
doctors and patients to diagnose the Myasthenia Gravis disease, in addition to provide
a recommended treatments and recommended practices that may increase or decrease

the Myasthenia Gravis disease impact.

We firstly, reviewed the current related works that related to our research in the
same domain and the same problem, then we collected patient data to use it as

individuals in our own ontology of Myasthenia Gravis disease.

Subsequently we developed a prototype of the proposed approach that would
consist of several modules such as query module, reasoning module, diagnosing

module, and finally recommending treatments module.

These modules are connected and are dependable on the knowledge base
(ontology and instances of Myasthenia Gravis patients), the user of the proposed
system which is the doctors, can select patient's symptoms or query about the
Myasthenia Gravis disease. The system would help these doctors to decide if this
patient has a Myasthenia Gravis disease or not, then can provide a recommended
treatment for this patient through the enriched knowledge base that consists of the

ontology and various instances.
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1.2 Statement of the Problem

Myasthenia Gravis patients suffer from the lack of interest from doctors and
pharmaceutical companies before they are diagnosed correctly because of the rarity of
the disease, where doctors find it very difficult to diagnose this disease because its
symptoms intersect and overlap with other diseases.

So, there is a need to build an approach that employs semantic techniques to help
doctors to diagnose Myasthenia Gravis disease and to recommend appropriate

treatments.
1.3 Objectives
1.3.1 Main Objective

The main objective of this thesis is to develop an ontology-based approach to
diagnose the Myasthenia Gravis disease and to provide appropriate treatments that is
likely to be accurate, fast, and effective.

1.3.2 Specific Objectives
The specific objectives of the research are:

e To study some of the current disease diagnosing systems and how they
work and to determine their suitability as a basis for diagnosing the

Myasthenia Gravis disease.

e To collect data about the domain of patients, symptoms and diagnosis of

the Myasthenia Gravis disease.

e To build a domain-specific ontology related to diagnosing the
Myasthenia Gravis disease enriched with semantic relations between

patients, symptoms and treatments.

e To build a rich knowledge base about the Myasthenia Gravis disease and

patients based on the ontology.
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e To build a prototype of an ontology-based approach that uses the
knowledge base to diagnose the Myasthenia Gravis disease and

recommend appropriate treatments.

e To evaluate the ontology and the approach for accuracy and speed of

diagnosis and the effectiveness of the recommended treatment.
1.4 Research Significance

With the great spread of the known diseases all over the world, and the
appearance of a new types of disease every day, all of these diseases differ and vary
from each other on types, symptoms, diagnosis, treatment methods and drugs.
However, some of these diseases are similar in their symptoms making doctors face a
lot of difficulties in the diagnosis of these diseases especially these who are newly
practicing the medical profession or these who did not treat many patients infected
with the Myasthenia Gravis disease before.

Patients often suffer from illness before they are diagnosed correctly with the

Myasthenia Gravis disease, which may sometimes lead to paralysis or death.

Therefore, the importance of this research stand out by contributing to saving
patients' lives, and contribute effectively to mitigate and treat them the right treatment
at the right time. Also, helping doctors to diagnose these difficult diseases such as the
Myasthenia Gravis disease. Additionally, it will reduce the time required to diagnose
and the amount of unnecessary laboratory tests and unnecessary drugs needed for

treatments.

Furthermore, the cost for using our approach is very low. it only needs Internet
connection which is available everywhere now. It is also costless for patients compared
with patients frequently going to several doctors and pay for each one of them, let
alone the wrong treatment costs and the wrong drugs prescriptions, where the patient
has to pay an additional cost to treat himself again from new disease such as stomach

diseases, that may be caused by the wrong drugs.
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Moreover, the approach is likely to help in discovering an effective treatment
methods to the Myasthenia Gravis disease, and ends the suffering of patients of the

Myasthenia Gravis disease.

Additionally, ontologies play a critical role in representing knowledge through
representing objects and relations between them in a given domain. Therefore,
employing ontology in the medical domain is a significant topic. It is considered a very
useful and helpful for diagnosis recommendation systems. Ontologies can help in the
Myasthenia Gravis disease through representing patient information and finding new
relations between this information which can be useful to diagnose the disease and

provide recommended treatment.
1.5 Scope and Limitations

This research aims to develop an approach that helps doctors to diagnose only the
chronic, rare and neuromuscular disease called Myasthenia Gravis disease by
developing an ontology that will be specialized only on the Myasthenia Gravis disease

and it will not cover any other diseases.

The proposed ontology consists of symptoms, diagnostic methods, drugs or
surgical treatment and finally information about the patient such as geographic area,
country, weather, career, eating, mood, disease duration, practice sport and other
diseases and medical history of his family. Then we enrich the ontology with several
instances through patient information to be collected, leading to creating a knowledge

base for diagnosing and treatment recommending of the Myasthenia Gravis disease.

The approach will be realized through a prototype not a full system. The prototype
provides a proof of concept for the proposed approach and the expected results based
on the ontology are expected to improve the diagnosis and treatment of the Myasthenia
Gravis disease but as it is well known that final treatment of the diseases usually need
several experiments and time, and the final decision of the recommended treatment
will be for doctors only and we are not responsible for any risks to the patient resulting

from the use of our approach without consulting the Myasthenia Gravis doctors.
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The research also evaluates a preliminary evaluation, firstly, evaluate the
accuracy of the diagnostic process of the approach by entering information about a
number of persons who are infected with the Myasthenia Gravis disease and evaluate
the results. Secondly, we evaluate the accuracy of the recommendation treatments
process according to a human expert in Brian and Neurology by comparing his
recommended treatments of a Myasthenia Gravis patient case with the recommended
treatments of doctor who treated this case, then with the recommendations of the
approach which is recommended to treat the same patient case. Finally, we evaluate
the efficiency of the approach by comparing the speed of the processes with the

average delay in the diagnosis of patients using the conventional way.
1.6 Methodology

In this section, we will talk about the methodology of this research we will use to

achieve research goal by followed the next steps:
1.6.1 Literature Review

This step contains a reviewing of current related works that related our research
in the same domain and the same problem, especially in the field of human disease
diagnosis. Then we will discuss any proposed approach or ontology to indicate the

shortcoming in that researches.
1.6.2 Collecting of Information About Patients

We made a questionnaire and distributed it to a lot of local and international
Myasthenia Gravis patients, to collect information about patients themselves and
disease symptoms, disease diagnose and effective treatment. All of this will enable us
to build a rich knowledge base (ontology and instances) that can make us able to rely

on in building the proposed approach.
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1.6.3 Building the Ontology

Building and developing the proposed ontology with the help of a guide through
following the identified steps by Ontology Development A Guide (Noy &
McGuinness, 2001) and using the Protégé (Stanford Center for Biomedical Informatics
Research (BMIR), 2016) in building the ontology.

1.6.4 Creating Semantic Rules

A set of rules is defined to obtain specific information from the knowledge base
(ontology and instances) for diagnosing patients for the Myasthenia Gravis disease,
and obtaining recommendations for appropriate treatments.

1.6.5 Reasoning

Applying a reasoner to obtain new relations from existing ones. The reasoner is
able to identify the different types of ontological relations such as transitive,
symmetric, inverse and functional properties and use them to add new facts.
Additionally, applying the predefined rules in the previous step to obtain the desired
results, which is diagnosing the Myasthenia Gravis disease and providing an

appropriate recommended treatments for patients.
1.6.6 Developing A Prototype of the Proposed Approach

We developed an ontology-base prototype that can diagnosing the Myasthenia
Gravis disease and providing a recommended treatments to achieve the goals of this

approach.
1.6.7 Evaluating Proposed Approach

We evaluate the implemented prototype of the approach, to evaluate the accuracy
of diagnosing and recommending treatments of the of Myasthenia Gravis disease

according to a human expert in Brain and Neurology.
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1.7 Thesis Organization

The thesis consists of seven chapters: Introduction, Theoretical and Technical
Foundation, Literature Review, Myasthenia Gravis Ontology Development,
Diagnosing and Recommending Treatment for Myasthenia Gravis Disease, Results
and Discussion and finally the Conclusion and Future Work.

e Chapter 1 (Introduction): introduction to the research area, the
Myasthenia Gravis disease, research overview; including the problem,

the objectives, the scope and limitation of the research.

e Chapter 2 (Theoretical and Technical Foundation): describes the
theoretical and technical foundation underlying the research including
the Myasthenia Gravis disease, disease pathophysiology, signs and
symptoms, diagnostic methods, semantic web, ontology concepts,
ontology development and ontology tools.

e Chapter 3 (Literature Review): reviews several approaches and related
works that deal with diseases such as diagnosis, patient-records,
meaningful search, clinical decision support systems and healthcare

systems.

e Chapter 4 (Myasthenia Gravis Ontology Development): presents the
steps to develop the Myasthenia Gravis disease domain ontology, then it
presents the evaluation of the Myasthenia Gravis ontology.

e Chapter 5 (Diagnosing and Recommending Treatment for Myasthenia
Gravis Disease): presents and describes of the steps of analysing,
designing and developing the prototype of the approach. It presents the
structure of the proposed approach, collecting patients' data, creating
semantic rules, developing the parts of the prototype and finally system

functions.

11
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e Chapter 6 (Results and Discussion): presents the experiments
performed, the results, the evaluation and discussion of the proposed

ontology and the results.

e Chapter 7 (Conclusion and Future Work): presents the conclusions and

the possible future works.

12
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Chapter 2
Theoretical and Technical

Foundation
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In this chapter, we present the theoretical as well as the technical foundation of
the proposed approach, we talk firstly about the Myasthenia Gravis disease, then we
define the Semantic Web, including ontology and finally we enumerate the tools that

we used to develop the proposed approach.

2.1 The Myasthenia Gravis Disease

Myasthenia Gravis (pronounced /mai.ss 0i:.ni.a ‘gra:.vis/ (Walter, 2008)) is a
chronic autoimmune neuromuscular disease characterized by varying fluctuations of
weakness of the skeletal (voluntary) muscle groups of the body (National Institute of
Neurological Disorders and Stroke (NINDS), 2016).

The name of the disease comes from the Greek and Latin words meaning
"grave muscular weakness" (Myasthenia Gravis Foundation of America, 2016) and
the first time it is called with this name was by Thomas Willis in 1672 (Drachman,
1981).

The hallmark of the Myasthenia Gravis is weakness of the muscles that
increases during periods of activity and improves after periods of rest. The most
muscles vulnerable to this disease are the muscles that control eye and eyelid
movements, facial expression, chewing, talking, and swallowing are often (National
Institute of Neurological Disorders and Stroke (NINDS), 2016), but is not a condition
all of these symptoms to suffer from one patient.

Figure (2.1): Myasthenia Gravis disease affects the eyelid muscles (Puklin, Sacks, &
Boshes, 1976).

In about two-thirds of patients, the extrinsic ocular muscles (EOMSs) present
the initial symptoms as shown in Figure (2.1). The symptoms usually progress to the
other bulbar muscles and limb muscles, resulting in generalized MG (gMG). In about
10% of MG patients, symptoms remain limited to the EOM, and this condition is
termed ocular MG (oMG) (Conti-Fine et al., 2006) as shown in Figure (2.1).

14
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Early, Myasthenia Gravis disease has incidence about 2-4 per million (Schon
et al., 1996), but nowadays it is probably more than previously expected. The
spreading of the Myasthenia Gravis disease ranges between 0.015-0.04%, this means
that the number of Myasthenia Gravis diagnosed people in the United States of
America is 100 per million (Myasthenia Gravis Foundation of America, 2016), and in
the world is about 150 patients per million (Conti-Fine et al., 2006; Jayam Trouth et
al., 2012).

2.2 Disease Pathophysiology

Myasthenia Gravis disease affects humans in case of a disorder that causes
weakness of the skeletal muscles and occurs in the immune system. The disorder of
the immune system generates antibodies that attack, by mistake, the body's tissues.
Those antibodies in the Myasthenia Gravis disease attack a normal human protein,
targeting a protein called acetylcholine receptor or a related protein called muscle-

specific kinase (National Institutes of Health, 2015) as shown in Figure (2.2).

One of the components of the body's immune system is the Thymus gland cells
as shown in Figure (2.3). This Thymus gland in the Myasthenia Gravis disease has
large size and abnormal behaviour. It is thought that the Thymus gland is responsible
for the disorder of the immune system and may give wrong instructions to immune
cells which cause muscles weakness (National Institute of Neurological Disorders and
Stroke (NINDS), 2016; National Institutes of Health, 2015; Sathasivam, 2014).

2.3 Signs and Symptoms of the Myasthenia Gravis Disease

The symptoms that commonly appear on Myasthenia Gravis patients are
commonly intermittent and fluctuating in their impact. They may appear singularly or

two or more combined together in a fast sequence (Herrmann Jr, 1970).

15
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Figure (2.2): How the Myasthenia Gravis disease affects the muscles (Scherer,
Bedlack, & Simel, 2005).
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Figure (2.3): The anatomy of the Thymus (Jaretzki et al., 2000).
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The general symptom of the Myasthenia Gravis disease is weakness of the

muscles that increases during periods of activity and improves after periods of rest.

The most common symptom affect the muscles around the eye that may lead
droop the eyelid which is called ptosis (Herrmann Jr, 1970; Jayam Trouth et al., 2012;
Puklin et al., 1976) as shown in Figure (2.4). This symptom may make the patient to

appear sleepy.

Figure (2.4): The effect of the Myasthenia Gravis disease on the eyelid before and
after treatment (Jayam Trouth et al., 2012).

Also the patient suffers from double vision (Danchaivijitr & Kennard, 2004;
Herrmann Jr, 1970; Khreisat, 2011), this symptom leads to get worse when watching
television, reading or driving, particularly in bright conditions as shown in
Figure (2.5).

Figure (2.5): Vertical diplopia on the left eye cause double vision (Khreisat, 2011).

The Myasthenia Gravis disease may cause weakness of the muscles involved
in swallowing leading to swallowing difficulty (dysphagia). Typically, this means that

some foods and liquids may be left in the mouth after the swallowing process,
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additionally those foods and liquids may regurgitate from the patient nose
(velopharyngeal insufficiency) (Danchaivijitr & Kennard, 2004; Herrmann Jr, 1970).

Furthermore, the Myasthenia Gravis disease may cause weakness to the
muscles that move the jaw which cause difficulty chewing and speaking, in this case
speech may be slow and slurred, or have a nasal quality (Herrmann Jr, 1970; Nair,
Patil-Chhablani, Venkatramani, & Gandhi, 2014).

Also, the weakness of the muscles can reach the facial expression, that may be
affect the ability to close the mouth and causes snarling appearance when attempting

to smile. This symptom may make the patient appear sad (Herrmann Jr, 1970).

There are a lot of symptoms of the Myasthenia Gravis disease such as Paralysis,

but we preferred to enumerate the most common symptoms.

2.4 Diagnostic Methods of the Myasthenia Gravis Disease

The first diagnostic method is physical examination; a doctor may ask the
potentially affected patient to look at a fixed point for 30 seconds and to relax the
muscles of his forehead. This test makes the patient involuntarily use his muscles of
forehead and instead of focusing on the muscles of his eyelids. The doctor may ask the
patient to do some quick and hard movements with his hand, leg or all body to check
the stand of the muscles (Sathasivam, 2014).

The second diagnostic method is the Antibody testing (Anti-MuSK) which is
a test of the patient blood, but about 15% of the Myasthenia Gravis patients have tested

negative for the acetylcholine antibody.

The next method is office tests which is lying the patient and making a test
with an ice pack and Edrophonium tests, these tests lead to an improvement in strength

for the muscles.

The last one is Electromyography (EMG) which make a repetitive simulation
for the nerves and muscles to study the patterns of their response and behaviour

(Herrmann Jr, 1970; Myasthenia Gravis Foundation of America, 2016).
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Occasionally, all of these previous tests maybe negative or doubtful in someone
whose medical tests still seem to point to a diagnosis of the Myasthenia Gravis. So,
the diagnosing process needs a clinician who skilled enough to recognize the

Myasthenia Gravis disease and distinguish it from other diseases.
2.5 Semantic Web

One of the modern information technology techniques is known as “Semantic
Web”. The term was coined by Tim Berners-Lee for a web of data that can be

processed by machines (Shadbolt et al., 2006).

The first part of Berners-Lee vision for the Semantic Web was the turn the Web
into a truly collaborative medium, to help people share information and services and

make it easier to aggregate data from different sources and different formats.

The second part of his vision was to create a Web that would be understandable
and processable by machines. While humans can read and comprehend current Web
pages, Berners-Lee envisioned new forms of Web pages that could be understood,
combined, and analyzed by computers, with the ultimate goal of enabling humans and
computer to cooperate in the same manner as humans do among each other
(Sugumaran & Gulla, 2011).

The current web is a web of text and pictures. Such media are very useful for
people, but computers play a very limited role on the current web: they index
keywords, and they ship information from servers to clients. All the intelligent work
(selecting, combining, aggregating, etc.) has to be done by the human reader (Antoniou
& Van Harmelen, 2008).

Berners-Lee did not think of the Semantic Web as a replacement of the current
Web. It was intended as an extension for adding semantic descriptions of information
and services. Central to the Semantic Web vision is the shift from applications to data.
The key to machine procceable data is to make the data smarter (Sugumaran & Gulla,
2011).
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The Semantic Web would facilitate many things that are impossible on the current
web: Search would be no longer limited to simply looking for keywords, but could
become more semantic, which would include looking for synonyms, being aware of

homonyms, and taking into account context and purpose of the search query (Antoniou

& Van Harmelen, 2008).

The development of the Semantic Web proceeds in steps, each step building a
layer on top of another as shown in Figure (2.6). In building one layer of the Semantic
Web on top of another, two principles should be followed downward compatibility or

upward partial understanding (Antoniou & Van Harmelen, 2008).

User interface and applications

Proof
I Unifying Logic I
Ontologies: I I Rules: -
Querying: OWL RIF/SWRL g
SPARQL : g
Taxonomies:RDFS Q
o
S
Data interchange:RDF <
Syntax: XML

Figure (2.6): The semantic web layer (Antoniou & Van Harmelen, 2008; World
Wide Web Consortium (W3C), 2016).

The semantic web technologies can be used in medicine field to solve some
problems such as representing and taking into account all inputs about one patient to
provide the best possible solutions about his disease, especially when these data are

huge such as our case of the Myasthenia Gravis disease. Also, the semantic web can

contribute to decision making such as diagnosing diseases.
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2.6 Ontology

The basic component of the Semantic Web are collections of information called
ontologies (Shadbolt et al., 2006) that play a prime role in the process of information
exchange in various areas (Fensel, 2001a). Ontologies are developed in Artificial
Intelligence to facilitate knowledge sharing and reuse. More recently, the ontology
became widespread in several fields such as intelligent information integration,
cooperative information systems, information retrieval, electronic commerce, and
knowledge management (Fensel, Horrocks, Van Harmelen, McGuinness, & Patel-
Schneider, 2001). The main reason that make ontologies popular is being a shared
understanding of a domain that can be communicated between application systems and
humans (Fensel, 2001b).

So, ontologies in medicine are useful and effective approach for representing
enrich medical knowledge base and for diagnosis and recommendation systems.
Ontologies can help in the Myasthenia Gravis disease through representing patient
information and find new relations between this information which can be useful to
diagnose the disease and to provide recommended treatment and recommended habits
and practices that may increase or decrease the impact of the Myasthenia Gravis
disease.

2.7 Ontology Development

In this section, we present the methodology to be followed in building and
developing our proposed ontology. There exist various methodologies to guide the
development process such as the United Process for ONtologies (UPON) (De Nicola,
Missikoff, & Navigli, 2009), On-To-Knowledge (OTK) (Sure, Tempich, & Vrandecic,
2006), METHONTOLOGY (Fernandez-Lopez, Gomez-Pérez, & Juristo, 1997) and

much more.

There is no one “correct” methodology for developing ontologies, we chose the
Ontology Development 101: A Guide to Creating Your First Ontology (Noy &

McGuinness, 2001) as a methodology to build our proposed ontology because it
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describes an iterative approach to ontology development, starts with a rough first pass
at the ontology, then it revises and refines the evolving ontology and fill in the details.

The Ontology Development 101consists of the following steps:

Determine the domain and scope of the ontology.
Consider reusing existing ontologies.

Enumerate the important terms in the ontology.
Define the classes and the class hierarchy.
Define the properties of classes - slots.

Define the facets of the slots.

Create instances.

O N o g bk~ W Dd P

Ontology evaluation.

2.7.1 Determine the Domain and Scope of The Ontology:

In this step, we starting the development of our proposed ontology by defining
our domain and scope. That is, answer a lot of basic questions such as what is the
domain that the ontology will cover? For what we are going to use the ontology? For
what types of questions, the information in the ontology should provide answers? will
use and maintain the ontology? (Musen, 1998).

2.7.2 Consider Reusing Existing Ontologies:

A lot of ontologies are already available in electronic form and can be imported
into an ontology-development environment that you are using form a several libraries
of reusable ontologies on the Web and in the literature, such as the Ontolingua
ontology library and the DAML ontology library. So in this step we will decide if we
can reuse an existing ontology to interact with in our proposed approach or not
(Simperl, 2009).
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2.7.3 Enumerate the Important Terms in the Ontology:

In this step, we will write a list of all terms we would talk about in the proposed
ontology, list of all properties of those terms without worrying about overlap between

properties among the terms.
2.7.4 Define the Classes and the Class Hierarchy:

This step and the next one is the most important steps in the ontology design
process, where we will develop the hierarchy of the class and defining to be ready to

define the properties in the next step.

There are a three ways to design the class hierarchy, the top-down development
process which starts with the definition of the most general concepts in the domain and
subsequent specialization of the concepts. The second way is the bottom-up
development process which starts with the definition of the most specific classes, with
subsequent grouping of these classes into more general concepts. The last one is
combination development process which is a combination of the previous two
approaches, top-down and bottom-up (Baraka & Dalloul, 2014; Roussey, Pinet, Kang,
& Corcho, 2011).

2.7.5 Define the Properties of Classes - Slots:

The classes alone will not provide enough information to answer the questions
we defined in Section 2.7.1. So, we have to define a list of the properties of these
classes. Additionally, we must determine the domain and the range of each property
in that list.

2.7.6 Define the Facets of the Slots:

The slots that we defined in the previous step can have different facets to describe
its value type, allowed values, the number of the values, and other features of the

values that slot can take.
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2.7.7 Create Instances:

The last step in developing the ontology is creating individual instances of all
classes in the hierarchy. This step could be applied by choosing a class, creating an

individual instance of that class, and finally filling in the slot values.
2.7.8 Ontology Evaluation:

There are a several approaches to the evaluation of the ontologies which
depending on what kind of ontologies are being evaluated and for what purpose. The
most approaches for evaluating the ontologies are categorized by the following
categories:

e Comparing the ontology to a “golden standard” which may itself be an

ontology.
e Using the ontology in an application and evaluating the results.

e Comparing the ontology with a source of data about the domain such as a
collection of documents to be covered by the ontology.

e Evaluating by a human who try to evaluate how well the ontology meets a
set of predefined criteria, standards, requirements, etc. (Brank, Grobelnik,
& Mladenic, 2005).

An overview of approaches to ontology evaluation are shown in Table (2.1).

Table (2.1): An overview of approaches to ontology evaluation (Brank et al., 2005).

Golden  Application Data- Assessment

e Standard -based driven by humans

Lexical, vocabulary, concepts, X X X X
data
Hierarchy, taxonomy X X X X
Other semantic relation X X X X
Context, application X X
Syntactic X X
Structure, architecture, design X
24
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The Golden standard evaluation could be in fact another ontology, or it could be
taken statistically from a corpus of documents or prepared by domain experts. The
lexical content of an ontology can also be evaluated using the concepts of precision
and recall which the precision is the percentage of the ontology lexical entries that also
appear in the golden standard, relative to the total number of ontology words. Recall
is the percentage of the golden standard lexical entries that also appear as concept
identifiers in the ontology, relative to the total number of golden standard lexical
entries (Brank et al., 2005; Kao & Poteet, 2007).

The evaluation by an application which using the ontology in an application or a
task. The outputs of the application, or its performance on the given task, might be
better or worse depending on the ontology used in it. We can apply this evaluating
method may applied simply by plugging them into an application and evaluating the

results of the application (Brank et al., 2005).

The Data-driven evaluation where evaluating the ontology by comparing it to
existing data such as a collection of textual documents about the problem domain to

which the ontology refers (Brank et al., 2005).

The Assessment by human's evaluation can done by humans who try to assess
how well the ontology meets a set of predefined criteria, standards« requirements (Poli,
Healy, & Kameas, 2010).

2.8 Ontology Tools
2.8.1 Web Ontology Language

The Web Ontology Language OWL is a language for defining and instantiating
ontologies on the Web. An OWL Ontology describes a domain in terms of classes,
properties and individuals and may include rich descriptions of the characteristics of
those objects. OWL ontologies can be used to describe the properties of Web resources
(Bechhofer, 2009).

Web ontologies that designed for use by applications that need to process the

content of information instead of just presenting information to humans. OWL
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facilitates greater machine interpretability of Web content than that supported by
XML, RDF, and RDF Schema (RDF-S) by providing additional vocabulary along with

a formal semantics (McGuinness & Van Harmelen, 2004).
2.8.2 Protégé Tool (version 5.0.0)

An open-source and free editor for ontologies documents and framework for
building intelligent systems. It is supported by a strong community of academic
"Stanford University" (Stanford Center for Biomedical Informatics Research (BMIR),
2016). We decided to use Protégé to build our knowledge based for the Myasthenia
Gravis disease.

We chose the Protégé tool among the various tools available for developing
ontologies to design and build the previous proposed ontology, then we run a reasoner
to obtain a new knowledge such as new symptoms or effective treatment, and finally

must use an ontology query language such as SPARQL.
2.8.3 SPARQL Query Language

The SPARQL Protocol and RDF Query Language (SPARQL) is a query language
and protocol for RDF that convey SPARQL queries from query clients to query
processors and returning the query results to the entity that requested them
(Prud’Hommeaux & Seaborne, 2008).

We used the SPARQL to returning the results of a queries and show it to the end

user.
2.8.4 Apache JENA Semantic Framework

An open source Semantic Web framework for Java programming language, used
for building an application of Semantic Web additionally it provides an API to extract
and write data from and to OWL files. The OWL files are represented as an abstract
"model”. A model can be sourced with data from files, databases, URLs or a

combination of these. A model can also be queried through (Apache JENA, 2015).
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We used JENA framework (Apache JENA, 2015) as inference engine that interact
with the proposed ontology by running a lot of queries and rules, then getting various

results to answer users' inquiries that come from the web page (JSP).
2.8.5 JENA Reasoner

The reasoner is a part of software can infer logical consequences from a set of
assured facts or axioms. The concept of a semantic reasoner generalizes that of an
inference engine, by providing a richer set of mechanisms to work with. The first-order

predicate logic used by a lot of reasoners to carry out reasoning (Apache JENA, 2016).

We used the JENA reasoner (Apache JENA, 2016) to applying a lot of web
semantic rules and obtain a new facts that will help to achieve the goals of our research
which is diagnosing the Myasthenia Gravis disease and providing a recommended
treatments, recommended habits and practices that help to improve the Myasthenia
Gravis disease and finally recommended habits and practices that may increase the
impact of the Myasthenia Gravis disease to avoid it by the patients.

2.8.6 Java Server Pages

Java Server Pages is a technology that helps software developers to create
dynamically generated web pages, or other document types. Released in 1999 by Sun
Microsystems, JSP is similar to PHP and ASP, but it uses the Java programming
language (Oracle, 2015) to write the code of the web pages.

JSP technology enables us to mix regular, static HTML with dynamically
generated content from servlets (Hall, 2001). To deploy and run Java Server Pages, a
compatible web server with a servlet container, such as Apache Tomcat or Jetty, is
required.

We used JSP to design a web pages that interact with the JENA interface (Apache
JENA, 2015) which in turn interact with the proposed ontology.
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In this chapter, we review several approaches that deal with diseases such as
diagnoses, patient-records, meaningful search, clinical decision support systems and
healthcare systems. We classify related works into several sections according to the
above topics. After the presentation of every research we write a discussion about it to

show its relation to our research.
3.1 Ontologies Developed for Managing Patient Information

We know that this section is not on the care of the domain of our research, but we

include it to learn about representing patient information in the ontology.

Bayegan, Nytrg and Grimsmo (2002) presents a practical approach for improving
an existing patient-record architecture. They extend an existing patient-record data
model with a level of knowledge; knowledge that enables the patient-record system to
explain cases in the care process and provide appropriate means for ranking

information according to its relevance in these care cases.

They extend the current data model with means to explain cases, knowledge about
clinicians work and needed information, and the means to rank information according

to its relevance in these care cases.

They define fundamental concepts, properties, and interrelationships by using the
ontologies in a specific domain. They present an ontology that provide a three
necessary features for a future helpful patient-record system: a family-care workflow
process, a problem-oriented patient record, and identify related information to the care

process and medical problems.

They propose knowledge level through a two-layer framework for a problem-

oriented patient record, a fact layer and a knowledge layer as shown in Figure (3.1).
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knowledge model

facts level

knowledge level

relevance model

relevance—ranking level

ranked information
relevant knowledge

Figure (3.1): Relationship between the knowledge model and the relevance model
(Bayegan et al., 2002).

They develop three independent ontologies: Process Ontology, Content
Ontology and Information Ontology or Patient Record Ontology. The first one defines
the family-care workflow process, activities, and any interaction with the patient-
record system. The second one is a bridge between the Process Ontology and the
Information Ontology which joins concepts in the Process Ontology with concepts in
the Patient Record Ontology through its set of care act types. The last one defines the
underlying information model of the patient-record system. It represents patient data
and supports a problem-oriented view of it.

These proposed ontologies deal with various diseases not a specific one such
as the Myasthenia Gravis disease, which means it takes a general trend not a specific

one.
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Dung and Kameyama (2007) presents an ontology-based health care
information extraction system called VnHIES (implemented in Vietnamese language).
They develop two algorithms; semantic elements extracting algorithm and new
semantic elements learning algorithm for extracting semantic words. The first
algorithm extracts concepts, descriptions of concepts, pairs of concepts and description
and names of diseases in health care information domain from Web pages. Those
extracted semantic elements are used by the second algorithm to provide suggestions
which might contain new semantic elements to use it later by domain users to enrich

the ontology.

After the extraction process for semantic elements, they apply a document
weighting algorithm to get document summary information according to all extracted
semantic words. Then store this information in a knowledge base which contains
ontology and database in order to be used later in other applications. VnHIES can be
uses in many health care information management systems such as medical document

classification, health care information retrieval system.

This research attempts to extract a lot of information from the web pages and
adds it to the ontology to enrich it and to use it when needed. It has nothing to do with
diagnosing the diseases.

Miyoshi, Ferreira and Felipe (2009) develops of an Electronic Patient Record
(EPR) with is a computerized repository of all patient health care information by
designing and implementing an ontology. It uses the UMLS Semantic Network as an

upper-level ontology based on a clinical data structure.

The EPR contain a section that stores the whole history of the patient’s clinical
conditions, that section is called Clinical Evolution Record (CER). This research
focuses on some problems about the complexity and the heterogeneous of information
stored in CER, and in most health institutions it is written by hand and stored in paper

format.

They propose a structure of CER to organize the information and reduce its

complexity by identifying filling patterns through the analysis of medical records and
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interviews with physicians, but this reduction of complexity is not enough to achieve
semantic interoperability. Because of that they propose an ontology to make that
information machine interpretable and then use it as a semantic connection and

exchanging information between two different health systems.

Also, this research does not focus on a specific disease and all its focus on
semantic communication between systems, and does not come out with results related
to medicine or beneficial to diagnosing diseases, but it facilitates the task of doctors

and managers to manage medical centres.

Igbal, Shepherd and Abidi (2011) develops an ontology to represent knowledge
for Electronic Medical Records (EMRs) and achieve semantic interoperability
between systems of healthcare information and to make decision support systems
better.

They propose an ontology-based EMR for Chronic Disease Management by
customizing the W3C Computer-based Patient Record ontology (Ogbuji, 2011) with
concepts and attributes from Western Health Info structure Canada chronic disease
management model (Western Health Information Collaborative (WHIC), 2005). They
find that ontology is able to represent knowledge about chronic diseases.

This research is customized an existing ontology based on the standards of
Canada. We try to use their ontology with the Myasthenia Gravis disease but it does
not fit because the Myasthenia Gravis disease has unknown causes, the treatment

varies from patient to patient, and symptoms vary from one patient to another.

3.2 Ontologies Developed for Various Diseases

Hadzic, Chang, Wongthongtham and Meersman (2004) describes an
enhancement for searching meaningfully and quick information sharing by
implementing Disease Ontology based on Grid Middleware which works as an
intelligent search engine through receiving customers' requests and finding services or
service providers for them. They propose exchanging information by Grid Middleware
to get accessible information beyond web content, then giving users the correct

information. They obtain knowledge from ontologies of medical issues, health matters,
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disease factors, DNA, etc. Additionally, they record who is doing research on the
medical field, work done and up-to-dated research, needed web database and its
content, distinguishing what is the valuable and invaluable content and how it fits into
specific disease knowledge and how it can be accessed and finding relation between

works.

Grid Middleware is used to enhance searching processes. They obtain
information about diseases from various ontologies then let the users search on that
information and extract the desired information for a specific disease, but it does not

support diagnosis of diseases.

Schriml et al. (2012) proposes Disease Ontology (DO) database which later
become the well-known ontology for diseases available at (http://disease-
ontology.org). It is considered a universal knowledge base of 8043 inherited,
developmental and acquired human diseases. DO is based on a graph database. It
allows users to query using full-text contextual search for name, synonym, definition,

etc.

The system has a rich knowledge for with considerable number of diseases, it

purposes provides a lot of information for diseases but does not diagnose them.

Mendoncga, Rosa, Oliveira and Teixeira (2012) develops an ontology as a
workflow to enhance search and advanced queries, because the health related
information is distributed across different locations, that makes gathering, structuring

and managing information very difficult.

The developed ontology makes information available through search by the

health professionals, students and researchers.

It allows to gather annotations during the document processing, after that it
stores its semantic index using the published information on the Web. That means it
has to use a Web crawler to retrieve and create a list of selected documents that will
be used to build semantic collection.
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They develop a platform for the searching process that is able to present most
relevant documents as a result for advanced user's queries as shown in Figure (3.2).

Then they take the neurologic diseases as a case study.

...........................

Internet
G UDD NEm
‘#M © |
: Processing Pipeline —
[ Semantic
Index

E - o SearchAPI
: Search Engine Annotators

------------------------------------------------------------------------------------------------------

Web SPARQL [
Service endpoint

C'\ SearchView | <

Query API

Knowledge Base /

Figure (3.2): Search platform architecture (Mendonga et al., 2012).

They use the ontologies to facilitate the semantic search and query processes.
It extracts data, but does not come out with results for a new specific diseases. It

facilitates the task of doctors when they need information about any disease.

3.3 Diagnosis Systems Without Using Ontologies

We have selected a one system as a sample of systems that are represented the
patient's information and diagnosed diseases without using ontologies to highlight the

benefits from using ontologies in the medical field.

Luculescu and Lache (2008) presents a new diagnoses system concerning the
diagnosis of visual diseases. The system combines aspects from Biosystems (human
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visual system), image acquisition and processing (medical imaging), artificial
intelligence techniques (neural networks) and information management (databases).

Their system is called Computer-Aided Diagnosis (CADXx) system, which
identifies eyes macular diseases accurately. They use databases to store the images
with patient personal information, treatments and diagnosis information. The software
includes image processing modules, databases and artificial neural networks for

recognizing images of new diseases.

Computer-Aided Diagnosis reduces the doubt level of the doctor in some
diseases, improves the accuracy of initial diagnosis of diseases, allows monitoring the
health status of the patient during new treatment methods, and finally diagnoses
database store digital images to be used later in research, medical practice and

specialized teaching.

The system does not use ontology but instead uses artificial neural networks.
Ontologies in medicine are useful and effective for representing rich medical
knowledge base and diagnosis recommendation systems. Ontologies can help in the
Myasthenia Gravis disease through representing patient information and find a new

relations between these information.

3.4 Ontologies Developed in Medicine for Specific Diseases

Binfeng, Xiaogang, Chenglin and Qian (2007) proposes an ontology that
provides a primary framework of semantic web and artificial intelligence. Their

approach presents a method for medical knowledge base.

Their approach proposes an ontological structures including ontology of
Chinese traditional medical and ontology of Western medicine. They combine the
current medical knowledge by applying National Knowledge Infrastructure (NKI)
frame language to the proposed system, and build the category of Coronary Heart

Disease (CHD) and other relevant categories.

The system improves the feasibility, expansibility and reusability by
combining several ontologies to enhance the medical services. But it does not deal
with a specific disease.
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Alfonse, Aref and Salem (2014) discusses the technical parts of some of
ontology-based medical systems for cancer diseases. Additionally, they develop an
ontology-based system for cancer diseases knowledge management. Patients, students
and doctors can use the proposed system to know about the type of the cancer, the
stage of the cancer and the treatment. They claim that the accuracy of the proposed
system with cancer diseases classification is 92%.

The proposed ontology-based system deals with several types of cancer
diseases but it is only a cancer diseases classification system not a diagnoses system.
In our case, we propose an ontology-based approach to help doctors to diagnose the
Myasthenia Gravis disease and provide a recommended treatment for each patient.

Abidi (2007) develops a semantic web clinical decision support system
(CDSS) to support family doctors to provide follow-up care for the breast cancer
disease. The approach includes a breast cancer follow-up Clinical Practice Guideline
(CPG) which is disease-specific recommendations to help doctors to make a decision
in accordance with symptoms. The clinical practice guideline lead to creating a breast
cancer ontology. Which models the knowledge inherent within the breast cancer
follow-up clinical practice guideline. This ontology is considered as the knowledge

source to determine specific recommendations of patient.

Since this approach deals with the breast cancer disease with different
objectives than ours. But it can help doctors in making a decision for each patient
individually, their ontology is considered as a knowledge source to determine patient-
specific recommendations. But in our case, we propose an ontology-based approach
to help doctors for diagnosing the Myasthenia Gravis disease and recommending

treatments for the patients.

3.5 Ontologies Developed for Diagnosing Diseases

Mohammed, Benlamri and Fong (2012) suggests that medical ontologies are
valuable and effective methods of representing medical knowledge and much stronger
than biomedical vocabularies. Every disease has a lot of symptoms, but there are no

ontologies that combine diseases and symptoms except for some simple proposed
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models. However, well establish ontologies for diseases and for symptoms were
already developed independently.

They propose an alignment algorithm to combine the diseases ontology
(DOID) with the symptoms ontology (SYMP) to create a diseases symptoms ontology
that can be suitable to any number of diseases and symptoms. The DOID ontology
started in 2003 as part of the NUgene project (http://disease-ontology.org/). It is
currently a standard ontology for categorizing disease only. The SYMP ontology
developed in 2005 by the Institute for Genome Sciences (IGS) at
(https://bioportal.bioontology.org/ontologies/SYMP/). 1t includes more than 900

symptoms.

The previous two ontologies are empty and can be used as a container of any
disease, that means it can help people who are not doctors, and yet dealing with the

disease, to help them in the classification of disease and symptom.

The proposed ontology is very huge, and cannot be use in one specific disease

such as the Myasthenia Gravis disease.

Rawte and Roy (2015) develops an ontology based expert system to diagnose
thyroid diseases. This ontology make it easy to perform knowledge representation by
any domain experts and non-experts. They develop an ontology for thyroid diseases,

symptoms and diagnosis using expert system.

The study is beneficed for us, but it talks about a different disease. We try to
use their ontology with the Myasthenia Gravis disease but it does not fit because the
Myasthenia Gravis disease has unknown causes, the treatment varies from patient to

patient, and symptoms vary from one patient to another.

Hadzic and Chang (2005) discusses an ontology-based system and approach
that provides interoperability support for research in and diagnosis of human disease.
The proposed approach combine a prototype for a Generic Human Disease Ontology
including common general information for human diseases. This proposed approach
represents the information in four ‘dimensions’: disease types, symptoms, disease

causes and finally providing the treatments for the disease.
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The goal of the proposed ontology is studying complex disorders caused by
many different factors at the same time. They explain how this generic human disease
ontology helps to produce specific human disease ontologies to help doctors and

medical researchers.

This research is similar to our research, but according to their claim, it can be
used for all diseases, we try to use their ontology with Myasthenia Gravis disease but
it does not fit because the Myasthenia Gravis disease has unknown causes. The
treatments vary from patient to patient, and symptoms vary from one patient to

another.

Al-Hamadani (2014) presents an expert system named CardioOWL, that is able
to diagnose any type of coronary artery diseases and suggests a suitable treatment such

as drugs and/or other needed surgery for patients.

CardioOWL depends on ontology knowledge about the symptoms that are
apparent on the patient to build the knowledge base and then be able to use Semantic
Web Rule Language (SWRL) to conclude the necessary treatment, whether drugs or

surgery.

The research talks about a specific disease differs in causes, symptoms and
treatments methods from the Myasthenia Gravis disease. we try to use their ontology
with Myasthenia Gravis disease but it does not fit because the Myasthenia Gravis
disease has unknown causes. The treatment varies from patient to patient, and

symptoms vary from one patient to another.

3.6 Summary

Most of the related work focuses on building some general ontologies for
several diseases and does not focusing on some specific disease except for some type
of common disease such as cancer and coronary artery diseases in a general sense.
There is no research — to our knowledge — uses ontologies to serve a particular disease
such as Myasthenia Gravis, which it is totally different from all the diseases in
symptoms, diagnosing and the treatments methods that non-constant which varies

from person to person and treatment that varies from one patient to another.
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We try to use previous ontologies and customize it to suit the Myasthenia
Gravis disease, but they do not fit because the Myasthenia Gravis disease has unknown
causes, the treatment varies from patient to patient and symptoms vary from one

patient to another.

Because of that we find ourselves having to develop a specific ontology for the
Myasthenia Gravis disease to help doctors and patients to diagnose the Myasthenia

Gravis disease and provide recommend treatment.
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In this chapter, we present the steps to develop the Myasthenia Gravis disease
domain ontology to be used as a basis to diagnose the Myasthenia Gravis disease and
provide recommended treatments. Additionally, we present the evaluation of the

Myasthenia Gravis ontology.

4.1 Introduction

Building the ontology is very significant in our approach to diagnose the
Myasthenia Gravis disease and provide recommended treatments; the ontology content
is relevant to medical domain and is collected from a number of patients from a
questionnaire sent to a lot of local and international Myasthenia Gravis patients with

supervision of a domain expert.

We chose the Protégé (Stanford Center for Biomedical Informatics Research
(BMIR), 2016) tool from the various tools available for developing ontologies to
design and build the Myasthenia Gravis ontology with the help of a guide through
following the identified steps by Ontology Development Guide (Noy & McGuinness,
2001):

Determine the domain and scope of the ontology.
Consider reusing existing ontologies.

Overview of the ontology.

Enumerate the important terms in the ontology.
Define the classes and the class hierarchy.
Define the properties of classes - slots.

Define the facets of the slots.

Create instances.

© o0 N o g bk~ w DR

Evaluating (testing) the ontology.
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4.2 Determine the Domain and Scope of the Ontology

The first step to start the development of the ontology must be defining its
domain and scope. This can be done by answering several questions:

1. What is the domain that the ontology will cover?

The domain of the ontology is diagnosing the Myasthenia Gravis

disease and providing appropriate treatments.
2. What is the use of the ontology?

The ontology is to provide a knowledge base consisting of symptoms,
diagnostic methods, drugs or surgical treatments, drug names and information
about patients such as geography of area, country, weather, career, eating,
mood, disease duration, playing sports, other diseases and medical history of
his family. Additionally, consist several instances through collected patient

information.

It will be used in a system to make diagnoses of the Myasthenia Gravis
diseases and to provide a recommended treatments and recommended practices

that may increase or decrease the impact of the Myasthenia Gravis disease.

3. What types of questions the information in the ontology should provide

answers?

The ontology would provide valuable answers for questions that are

related to Myasthenia Gravis disease, such as:

1. What are the symptoms of the Myasthenia Gravis disease?

2. How can we diagnose the Myasthenia Gravis disease (diagnostic
methods)?

3. What are the treatment methods of the Myasthenia Gravis disease?

4. What are the drugs to a void by the patients of the Myasthenia Gravis

disease?
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5. What are the drugs that can reduce the impact of the Myasthenia Gravis
disease?
6. What are the recommended treatments of a particular patient?

7. s a particular patient having the Myasthenia Gravis disease?
4. Who will use and maintain the ontology?

The ontology will be available on the web to provide a new approach
to helps doctors to diagnose the Myasthenia Gravis disease and provide
appropriate treatments for the patients. Additionally, the patient can use and
benefit from the approach through query for the symptom, drugs to avoid,
treatment methods and diagnosis methods. But as it is well known that final
treatments to diseases usually need several experiments and time, the final
decision of the recommended treatment will be decided by doctors. Therefore,
we are not responsible for any risks to the patient resulting from the use of our
approach without consulting the Myasthenia Gravis doctors.

4.3 Reusing Existing Ontologies

With the widespread of the semantic web, there are a lot of available
applications that use and depend on ontologies. However, unfortunately we did not
find any of them that can serve a particular disease such as the Myasthenia Gravis
disease, which is very different from all the diseases in symptoms, diagnose and

treatments which are non-constant and varies from patient to patient.

We have tried to use the standard existing ontologies such as the Disease
Ontology (DOID) (Schriml et al., 2012) and the Symptoms Ontology (SYMP) and
customize it to suit the Myasthenia Gravis disease but they did not fit because, as
mentioned, the Myasthenia Gravis disease has unknown causes, the treatments varies

from patient to patient, and symptoms vary from one patient to another.

Because of that, we need to develop a specific ontology for the Myasthenia
Gravis disease to help doctors and patients to diagnose the Myasthenia Gravis disease

and provide recommended treatment.
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4.4 Overview of the Ontology

We developed a specific ontology for the Myasthenia Gravis disease that
consist of symptoms class divided into body parts such as head, upper limbs, lower
limbs, abdominal, back and general symptoms. Then the diagnostic methods class, the
treatment class divided into surgical, drugs, physiotherapist, psychiatric and
alternatively medicine. Then the patients class that consists of information about the
patients such as geography of area, country, weather, career, eating, mood, disease
duration, practice Sport, other diseases and medical history of his family and other
information. The final class is the drugs to avoid by the patient of the Myasthenia
Gravis disease. The ontology metrics are shown in Table (4.1) and the main classes in
the ontology are shown in Figure (4.1).

Table (4.1): Ontology metrics.

Domain and scope of the The rare and chronic
ontology Myasthenia Gravis disease

Axiom 3243

Logical axiom count 2670
Declaration axioms count 532

Class count 78

Object property count 55

Data property count 19

Individual count 368

Figure (4.1): Main classes in the Myasthenia Gravis ontology.
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4.5 Enumerate the Important Terms in the Ontology

In this step, we add terms and properties for these terms by studying the
Myasthenia Gravis disease and its diagnosis, and through analyzing the structure of
the disease and symptoms. The enumeration of these important terms to use it in the
creating of the classes in our proposed ontology. The following questions guides our

brain storming activity to determine the terms:

1. What are the main terms that we want to talk about?

The main terms we talk about are the Myasthenia Gravis disease, patients,
personal information about patients, symptoms, country, weather, diagnostic methods
of the disease, treatments, drugs, jobs, foods, sports and medical history of the patient
family.

2.  What are the properties of these terms? What is needed to be said about

those terms?

The ontology terms and its properties in Arabic and English languages are shown

in Table (4.2).

Table (4.2): The Myasthenia Gravis ontology terms and its properties.

. : Termin Term Property in L .
No. Term in English : : Property in
Arabic English :
Arabic
Sex aall
Marital Status Loelaia ) Al
Blood Type pall dluad
Has Hobbies 4 sp 4l
Live In e (A Sy
1. Patients = Job & Jeny
Practice Sport Al el
Same Patient ady
Diagnosed By A Al o
Diagnosed Through DS (e Al
Has Allergy for olad dsliea 40l
2. Medical Tests dpbll cla il Made Medical Tests uhaaf: e

Ol LaCN Zyl_ﬂbl
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Term
Property in
Arabic

Termin Term Property in

No. Term in English Arabic English

Disease Status

uaall Al

Stabilizeine . Decrease MG e Oy
situation R
Increase MG &R s ral
Has Symptoms After
Diagnosed il axy
Has Symptoms sl La
Symptoms before Diagnosed i) g8
Has Continuous N
Symptoms S s
Has Rare Symptoms U e
Has Side Effects s Gl e
Has Effective il 53l
Drugs Material _
Drugs to Avoid Jshaasl g
Has Taking Way Jstall 4 )l
Has Unit Dosimetry  4e_all (uldsas
Used treatments zole aadiul
Proposed Treatments T rs e
Drugs decrease the de Gady jady
Treatments MG Sle jaal)
Drugs increase the de ¢ s pady
MG Sle ey
Using treatments gle aaddiny
Has Weather ol s
Consist of Cities Sle gsinidl
Address Belong to Country U & (20
. dabaial) dxnla
Has Natural Region Al jaal
Synchronized with & oAl Gl 35
Disease DAl Ua e ek
: Disease Causes A5 o el s
Il?]'fsoer""rzzﬂon another Disease ) )a\
Family Disease Alilall & (a 5e
Disease Increase the = e Sisn oa
MG o5
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4.6 Define the Classes and the Class Hierarchy

We developed a specific ontology for Myasthenia Gravis disease that consists

of the classes shown in Table (4.3).

Table (4.3): The classes and subclasses in the Myasthenia Gravis ontology.

No.

10.

11.

12.

13.

14.

15.

BRE 3J|_t|5|

Class Name

Diseases

Immune
system disease
Patients

Symptoms

Limbs

Lower Limbs

Upper Limbs

Lower Part

Upper Part

Back

Head

Eye

Tongue

General
Symptom

Diagnostic
methods

Arabic Class

Name
Ul
BrENEEgY
Aclidl
R

ol yal el
<l ylaY)

adand) Gl Y
A slall Gl LY
Sl ¢ 3all
skl ¢ 3all
ekall

o

o)

ol

Sub Class

Of
Thing

Diseases

Thing

Thing

Symptoms

Limbs

Limbs

Symptoms

Symptoms

Upper Part

Symptoms

Head

Head

Symptoms

Thing

47

Description

Represents the diseases

Represents the disease of
the Immune System
Represents the patients

Represents the symptom
of the Myasthenia Gravis
disease

Represents the symptoms
that appear on the limbs
Represents the symptoms
that appear on the lower
limbs

Represents the symptoms
that appear on the upper
limbs

Represents the symptoms
that appear on the lower
part of the human body
Represents the symptoms
that appear on the upper
part of the human body
Represents the symptoms
that appear on the human
back

Represents the symptoms
that appear on the human
head

Represents the symptoms
that appear on the human
eye

Represents the symptoms
that appear on the human
tongue

Represents general
symptom of the human
body

Represents the diagnostic
methods of the
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16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Medical tests

Jobs

Sport

Food
Dairy

Proteins

Fats and
sweets

Vegetables
Fruits
Starches

Treatment

Herbs

Drugs

Nerves drugs

Mestinon

Pyridostigmine

Heart drugs

Metalyse

oLty

i 5l

oy slall 5 o saall
g padll

48| 5dl)

lac

Mestinon

Pyridostigmine

i)

Metalyse

Diagnostic
methods

Thing

Thing

Thing
Food
Food
Food
Food
Food
Food

Thing

Treatment

Treatment

Drugs

Nerves
drugs

Nerves
drugs
Drugs

Heart drugs

48

Myasthenia Gravis
Disease

Represents the medical
test that the MG disease
did

Represents jobs that can
the patients work
Represents the sports that
can be practiced by the
patient

Represents the foods that
can be eaten by the patient
Represents the dairy as
part of the foods
Represents the proteins as
part of the foods
Represents the fats and
sweets as part of the foods
Represents the vegetables
as part of the foods
Represents the fruits as
part of the foods
Represents the starches as
part of the foods
Represents the treatment
of the MG disease
Represents the treatment
of the MG disease by
herbs

Represents the treatment
of the MG disease by
drugs

Represents the drugs that
used to treat the
neurological diseases
Represents the drugs that
belong to Mestinon drugs.
Represents the drugs that
belong to Pyridostigmine
drugs.

Represents the drugs that
used to treat the heart
diseases

Represents the drugs that
belong to Metalyse drugs.
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34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Vaccinations

Reduced
immunity
drugs

Cellcept

Imuran

NSAIDs

Cortisone

Prednisolone

Food
Supplements

Potassium

Iron

Zinc

Vitamin

Vitamin A

Vitamin B

Vitamin C

Vitamin D

dclia mdda

Cellcept

Imuran

Ll cilalizaa

Cortisone

Prednisolone

anlae Y

a sl 52

REREN

Drugs

Drugs

Reduced
immunity
drugs
Reduced
immunity
drugs

Drugs

NSAIDs

NSAIDs

Drugs

Food
Supplements

Food
Supplements
Food
Supplements

Food
Supplements

Food
Supplements

Food
Supplements

Food
Supplements

Food
Supplements
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Represents the
vaccinations list as part of
the drugs

Represents the drugs that
used to reduced immunity
diseases

Represents the drugs that
belong to Cellcept drugs.

Represents the drugs that
belong to Imuran drugs.

Represents the drugs that
used to treat the
infections.

Represents the drugs that
belong to Cortisone drugs.
Represents the drugs that
belong to Prednisolone
drugs.

Represents the food
supplements list as part of
the drugs

Represents the potassium
as part of the food
supplements

Represents the iron as part
of the food supplements
Represents the zinc as part
of the food supplements
Represents the vitamin list
as part of the food
supplements

Represents the vitamin A
as part of the food
supplements

Represents the vitamin B
as part of the food
supplements

Represents the vitamin C
as part of the food
supplements

Represents the vitamin D
as part of the food
supplements

www.manaraa.com



50.

51.

52,

53.

54.

55.

56.

S7.

58.

59.

60.

61.

62.
63.
64.

65.

66.

67.

68.

69.

Vitamin E

Calcium

Magnesium

Psychiatric
treatment

Surgical

Physiotherapist

Preventive
treatment

Drugs
information

Side Effects

Effective
Material
Drugs Taking
Way

Drugs unit
dosimetry

Disease status
Allergy
Drugs Allergy

Animal
Allergy

Food Allergy

Personal
Information

Gender

Marital status

Pt

e}mg.\s\.o

b e

“

s
Oe Slaslea
JETR!

dila Ll e
PRPEI| N
Jstall 44y )l

Ao jall Gl sas
e yall Al
gl

a5l

il g

dala

add Al glea
il

LeLaa¥) Allal)

Food
Supplements

Food
Supplements

Food
Supplements

Treatment

Treatment

Treatment

Treatment

Drugs

Drugs
information
Drugs
information
Drugs
information
Drugs
information

Thing
Thing
Allergy

Allergy
Allergy

Thing

Personal
Information
Personal
Information

50

Represents the vitamin E
as part of the food
supplements

Represents the calcium as
part of the food
supplements

Represents the magnesium
as part of the food
supplements

Represents the Psychiatric
treatment.

Represents the treatment
of the MG disease by
surgical operations
Represents the treatment
of the MG disease by
Physiotherapist
Represents the treatment
of the MG disease by
prevention treatment
Represents all information
about the drugs
Represents the side effects
of the drugs

Represents the effective
material of the drugs
Represents the taking way
of the drugs

Represents the unit
dosimetry of the drugs
Represents the disease
status

Represents the allergy list

Represents the allergy
from the drugs
Represents the allergy
from the animal
Represents the allergy
from the foods
Represents the personal
information of the patient
Represents the gender of
the patient

Represents the marital
status of the patients
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Arabic Class Sub Class

Class Name Name of Description
. Personal Represents the address of
, ) giall ) )
70. | Address ol Information  the patients
71. Country gl Address Represents the country list
Represents the state of the
72. Weather ikl Address weather at the city where
the patient lives
73. City | Address Represents the cities list as
part of the country
. dakaial) daph Represents the natural
74. Natural region 38l jial Address region of the city
75, Hobbies el Personal_ Represents hobbies list
Information
76. Blood Type BTN Personal_ Represents blood types list
Information

After the class identification process resulted in Table (4.3), we must design
the class hierarchy of the ontology (as shown in Figure (4.2)) — by the three known

ways to develop the class hierarchy. We chose and apply the Top-Down approach.

The Top-Down approach starts from the most generic concept and build a
structure by specialization. The ontology is built by determining first the top concepts
and by specializing them. The top concepts can be chosen in a foundational ontology
(Roussey et al., 2011).

4.7 Define the Properties of Classes - Slots

The previous step built the classes of the ontology. But those classes alone will
not provide enough information to answer the competency questions from Step 1 such
as diagnosing the Myasthenia Gravis disease. So, we have to define a lot of the
relations between those classes which is the properties of the classes to achieve our
goals of this approach. Object properties are shown in Table (4.4) and the data
properties are shown in Table (4.5).
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Class hierarchy: | oyl

DIEET

v & owl:Thing )
Vo 8 il el
NP

e B eGal
B ssd_ejad
‘._ eU‘UJ"

P '.'.‘1"'_"

[»]

L]l

[ Synchronising

Figure (4.2): The class hierarchy of the Myasthenia Gravis ontology.

Table (4.4): The object properties of the ontology classes.

Object properties  In Arabic Domain

Stabilize the . ) . .
1. i . Al ) et
situation BIFC Patients Thing
2. Disease status ol Al Patients  Disease status
Al - ] )
gh ([ DecreaseMG == Ppatients Thing
(Known) (“sme o )
sl ) )
4, Increase MG TP Patients Thing
(Known) (Ssome )
5. Decrease MG el 25y Patients Thing
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10.

11.

12.

13.
14.
15.

16.
17.
18.

19.

20.
21.
22.

23.

24,

25.
26.
217.

28.
29.
30.

31.
32.
33.
34,

Increase MG
Symptoms

Known Symptoms

Has Symptoms

Has Symptoms After
Diagnosed

Has Symptoms
before Diagnosed
Has Continuous
Symptoms

Has Rare Symptoms
Drugs

Has Side Effects
Has Effective
Material

Drugs to Avoid

Has Taking Way

Has Unit Dosimetry

Treatments

Used treatments
Proposed Treatments
Drugs decrease the
MG

Drugs increase the
MG

Using treatments
Address

Has Weather

Consist of Cities
Belong to Country
Has Natural Region

Enter Hospital
because
Medical Tests

Made Medical Tests
Has Allergy for

& s s ady

ual e

o=l

Gn il

ual el

Uil aey

il 3

Jaaa i e

L e

ylaal)

s (el

Ulasall 3alall

JJLM ;\ji

SPEEOPR

el Bas

ic

ol

G)&: ed';im\

Q\.c‘)_; BJLD

de ¢ g Hroy

Q\.c‘)_; BJL_L}

O saadl

wahal) Al

‘;L ‘_5‘5334 U}A

gy Al H2e

4l jial
RN | R PR

dlall il gadll

NESEEIVENPE

53

Patients
Disease

Disease
Patients
Patients
Patients

Patients

Patients
Patients
Drugs

Drugs
Disease

Drugs

Drugs

Patients
Patients
Patients

Patients

Patients
Patients
City
Countr

y
City

City

Patients

Patients

Patients

Thing
Symptoms

Symptoms
Symptoms
Symptoms
Symptoms

Symptoms

Symptoms
Drugs
Side effects
Effective
Material
Drugs
Drugs taking
way
Drugs unit
dosimetry
Treatment
Treatment
Treatment

Drugs

Drugs

Treatment
Weather
City
Country

Natural region

Disease

Medical tests

Allergy
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#  Object properties In Arabic Domain
35 Pfersotqaltlnformatlon Syl Patients
of Patien Tl
36. Sex cial) Patients Gender
37. Marital Status dLelaa¥l Al Patients  Marital status
38. Blood Type pall dduad Patients ~ Blood Type
39. Follow Diet 40l s 41 Patients Foods
40. Has Hobbies 4l a4l Patients Hobbies
41. Live In 4 4 Sy Patients City
42. Job & ey Patients Jobs
Practice Sport daly) Gl :
43. ,
Before MG sl Jd Patients Sport
Practice Sport After 4=l ool .
44, MG Sl s Patients Sport
. . e Gl .
45. Disease Information =~ shee Patients
ol
. . 2 yall (el 3
Synchronized with > ) . .
46. —° ’
Disease :):if Useb e Patients Disease
47. Diagnosed By Aadll B Patients Disease
48. Di e Aa il o . Diagnostic
8. Diagnosed Through i Patients methods
i 22 yall . .
g (DEEEES (Celss Rl Patients Disease
another Disease Aloas
50. Family Disease Al 8 4= e Patients Disease
Disease Increase the e yis e . .
51.
MG o Patients Disease
52. Disease Status el s Patients  Disease status
53. Same Patient Ay Patients Patients
Table (4.5): The data properties of the ontology classes.
N[} Data properties In Arabic Domain Range
1 | Inf ion of Pati ol e slae : iteral
. Personal Information of Patient A 2l Patients  Litera
2. Patient Name axY) Patients  String
3. Patient First Name JsY) au) Patients  String
4.  Patient Last Name Yl auy) Patients  String
5. Patient Length Jshll Patients  Integer
6.  Patient Age el Patients  Integer
7. Patient Job Ligall
8.  Work Hours Jeadl el e Patients  Integer
9.  Patient weight 050 Patients  Integer
54
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10.
11.
12.
13.
14.
15.

16.
17.

Patient email RPN RYET Patients
Drink Alcohol Jdasll L Patients
Smoking A% Patients
Patient Phone aila Patients
Drug Addict G i ety Patients
; ; e Al ]
Disease Information o= sl Patients
o=l
o e e u
Diagnosed for o Patients
g W
Sick for o2l e Patients

String
Boolean
Boolean
String
Boolean

Literal

Integer

Integer

Example of ontology properties is the properties of the Myasthenia Gravis

ontology which is shown in Figure (4.3), and the properties of patient (individual)
P001 shown in Figure (4.4).

4.8 Define the Facets of the Slots

Many of the facets was adopted during the development of the ontology, that

adds a lot of restrictions on values we can enter to the ontology. These restrictions

include the allowed values, the cardinality (the number of values) and other features.

for example:

In our research, all of slots' values are string using UTF-8 (Arabic Language),

1. Value type: describes what types of values can be filled in the slot such as:

a. String: we used this for the classes, the object properties, the

data properties and the individuals such as the class "patient”

(in Arabic "= _»") the object property "made_medical_tests"

(in  Arabic "iub Glamd Jee')  the

data  property

"patient_first_name" (in Arabic "ds¥! ~¥1") and finally the

symptoms individual "eyelid_drooping_symptom™ (in Arabic

"o sial_elail "),
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Figure (4.3): The properties of the classes of the Myasthenia Gravis Ontology.
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Figure (4.4): The properties of the patient POOL.

Figure (4.5) shows how object properties look like in the Protégé tool and
Figure (4.6) shows how data properties look like in the Protégé tool.

BRI

o AR i)

2 P

moe sl By m s
[ e

[ Bl

Y-l 53.-.1&

o VAT Aglea bgal
V- [ il | e gl i s

Vo mm s F g

["] Synchronising

Figure (4.5): Object properties as shown in the Protégé tool.
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p ;ﬂ Ascerted -
v mowl:topDataProperty

[ Synchronising

Figure (4.6): The data properties as shown in the Protégé tool.

b. Number: we used this for some data properties with a numeric
values such as "weight" (in Arabic "cs") and "age" (in Arabic
" »all") as integer data type as shown in Figure (4.7).

c. Boolean: we used this for yes—no flags. For example, "smoking" (in
Arabic "¢ax"), "drink_Alcohol" (in Arabic "JdsS L") and
"drugs_addict" (in Arabic "<lxe i) as  shown in

Figure (4.7).
Domains (intersection) Domains (intersection) Domains (intersection)
ey e L I
Ranges Ranges Ranges
@ xsd:integer © xsd:boolean  xsd:string

Figure (4.7): Examples of varius data types of the literal.
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2. Allowed values: This represents values allowed for different properties.

Such as the property "has_hobbies" (in Arabic "4)s <.") has allowed

values form the "hobbies" (in Arabic "Ll s!"") and "sports” (in Arabic

"aaly IM) classes.

3. Cardinality: A property can have single value or multiple values.

Cardinality defines how many values a property can have. Such as the

property "sex" (in Arabic "u«ial") has exactly one object form “"male™ (in

Arabic "_S3") and "female" (in Arabic "5") as show in Figure (4.8).

4.9 Create Instances

In this step, we created the individual instances of all classes in the hierarchy of

the ontology to enrich it. The created individuals in our ontology represent the chosen

sample of the Myasthenia Gravis patients which is used to diagnose patients and give

a recommended treatment for each patient. We used it for the ontology evaluation. For

example, we created individuals in the "sports” (in Arabic "4xb ") class such as
"swimming" (in Arabic "=Ld™), "run™ (in Arabic "¢_=1") and "football" (in Arabic

Madill 5 S"),

e _asda only zhad

Ada oxl @l only dsla_ &l s
el Ry s only el _oal s
ol pxacthy 1 g

weiadl pnly oaad

Aslay) Al exactly 1 aslaay Al
Ayl Aol gnly Ay Adad

Adll el only Aedll sdad
Ao g g pd_oal § only ol
fai & only ol sl

Ba e il @ only pessell 55
gl only el _3a
Al_gap o g only osl i

JiEl Ak pnly JiE Ak

o)y i only gl _gsl sl
pesl_JE ga g only gapd_ye m
Hama_m e only gapl_e) gl
s_gage only gasd_gsl el

A z¥e only gyad

Ak Cheagad e QMY Al S gadl!
adll dlect pyacthy 1 s ild
pall_Alecd Oy pall Adesd

Wad dslea sadl gnly dswbea

Pad Abea dudl GOITIE Admiea

Mg sl only <l gl

Al sd some Skl
A& i only oal el

R _ s fp omse only gl

A pdl ek R only &l E Ragy

Figure (4.8): Examples of cardinality.

B heea ai Oy pasd

e padies only gl

R o oo only A

i DY i

e gp Ru] e el eloonly £E
Se g Rl s s el oonly S
of s only op

& Jes some
Rl by e e Oy e
Rl R e SOME AL
Rl JE Al el only Asu g

il JE Aedly e e SOME A dl

In our ontology, we defined around 368 individuals that are representing all

ontology concepts including 60 patients and a lot of their personal patient information,

16 diseases, 37 symptoms, 10 sports, 17 types of foods, 67 treatments, 41 individuals
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to represent information about the treatments, 20 diagnostic methods and other

individuals. An example of patients' instances is shown in Figure (4.9).

<6 MG (http://www.semanticweb.org/Mssatari/ontologies/2015/8/MG#) : [C\Users\mssat\OneDrive\cluitwall\NetBeansProjects\MG...  — O *

File Edit View Reasoner Tools Refactor Window Debugger Ontop Help

| # MG (http://www.semanticweb.org/Mssatari/ontologies/2015/8/MG#) 'H Search... |
Individuals by class « DLQuery x| SWRLTab x| OntoGraf x| Debugger * | SPARQL Query x| Rules x| OWLVEZ
Active Ontology % | Entities * | Classes. * | Object Properties * | Data Properties *
Class hierarchy: | noys M= i Usage

@@ @ . Annotations: PO02

Annotations

rdfs:comment

MBEE § Property assertions: POD2

Types Object property assertions 4
O esr W Al ) pded Aak Slead e

Wi dalgll e SR

Same Individual As L e e R o
e R e

Different Individuals el Slaa SR A g e
m:d it O_Positive [A—ﬁ-{
- =T

AN sl g pdice
Wl el e el w e
WAl ) e e
mzY¥e_siies Mestinon_60mg_6H
WAl Sl ElEA e rged al
WSagady G aps g g s

[4]

e g geal el

Reasoner active || Show Inferences

Figure (4.9): Example of ontology instances.

We used Google documents to publish a questionnaire for collecting huge
information about the patients and their Myasthenia Gravis disease. An example of a

patient information is shown in Table (4.6).

Table (4.6): An instance of Myasthenia Gravis patient.

Patient Instance: P001
Data Properties

Domain Values
Elztrlr?:t AL JsY) au) Samer gR
Patient Length = Jskl 175 175
Patient Age ezl 31 31
Work Hours Jeall ilelu 22 10 10
Patient weight o) 91 91
Drink Alcohol  Jsesllc s False False
Smoking A False False
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False
3

14

Object Properties

Drug addict Gl ade Sl

Diagnosed for (el sl & )l

(in years) (& by

Sick for (in sl e

years) (<) sl
Domain

Disease status Ul Al

Decrease MG oo Oy iy

Increase MG &e o g iy

Has Symptoms

After Being Uil aey (4 e

Diagnosed

Stable

Massage
Sleeping
Psychological
comfort

Weather changes
Bathing with cold
water

Weight loss herbs
Flue

Diarrhea
Psychological
tension
Swimming

Lite Sports

High
temperatures
Walking

Reading

Eyelid dropping
Shoulders pain
Nick pain

Poor memory
Upper back pain
Feeling sick
Middle back pain
Muscle weakness
when exertion
Insomnia

61

False

14

Values

- e

5 Al

zldll

el

Al a5

okl Ll

4 Ll Al

Os) caids e
|y
Sl

il il

Aaled)

dadd by
sl cla gl
Al

3ol Sl

SSY) b Y

E-B P JPOY

5 SIAN Caraa
el el b oY)
sleWl el

selall by Y

dae Jh die 248l il
P B
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Has Symptoms
before Being
Diagnosed

Has
Continuous
Symptoms

Has Rare
Symptoms

Using
treatments

Used
treatments

Made Medical
Tests

Sex
Marital Status
Blood Type

Has Hobbies

Lives In

el J8 (a e

2L = e

G)«: FR ]

Gk Cilam gad Jae

ouindl
Lelaay) Al

4l sa 40l

Rt b (Sen

Eyelid dropping
Shoulders pain
Nick pain

Poor memory
Upper back pain
Feeling sick
Middle back pain
Chest pain
Muscle weakness
when exertion
Insomnia

Eyelid dropping

Paralysis of the
lower limbs
Unstable walking
Shortness of
breath

Belly pain

Lower back pain
Mestinon_60mg_
6H
Imuran_50mg_12
H
Pyridostigmine_6
0_8H
Pyridostigmine_6
0_6H
Pyridostigmine_6
0 _12H

Omega-3
Honeymore
Omega-3-6-9
EMG Negative
Blood test
Negative
Thymus tumor
Negative

Male

Married
O_Positive
Reading
Swimming
Arabic
Calligraphy

Gaza
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Osiall elas )
YD & )

B0 Y

3,81l Canaa

Se el i
sbeWl )l
Dl By 8 oY
aall s LY

dae JY e aadl
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&)

Osiall elad )

e G,k Jls
il )il o
ol (A Gua (a e
bl (8 WY (e
alall Jal & QY1 (e
J

Mestinon_60mg_6H

Imuran_50mg_12H
Pyridostigmine_60_8
H
Pyridostigmine_60_6
H
Pyridostigmine_60_12
H

Omega-3

Honeymore
Omega-3-6-9

il Ol Ladass
oa sl e aall jani
Ju A gatlll saal) adoad
7

K3

T

O _Positive

Tw\‘)ﬂ\

Aalud)

2l bl

- v
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Job & e Employee alh g

‘s Swimming dalud)
AN Loy .
Practice Sport dﬂ;‘\’) oo Kung Fu A S
<= Nunchaku Skl
. Eyelid dropping camdl
_I[?;largor:josr? d YA (e il Locking at ﬁu_d J‘Z\S
g movement hand R
Disease Flue T
. . | 3 lavy)
Increase the sl e Sismoase  Diarrhea Lﬁf;‘
MG

4.10 Evaluating (Testing) the Ontology

In this section, we use the Description Logic Query (DL-Query) and the
SPARQL Protocol and RDF Query Language (SPARQL) to evaluate the ontology as
stated in Section (2.7).

We present several examples to answer some questions that are asked in the

development process in Section (4.2).

Example 1:

e The question: Who are the patients (instances) diagnosed for the Myasthenia

Gravis disease?

e Reasoner: HermiT 1.3.8.413.

e Query type: DL-Query.

o The query: o=« and & 4asdivalue gas_casl

e The result of the query is shown in Figure (4.10) which returned all the patients
who are diagnosed for the Myasthenia Gravis disease.
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Query (class expression)

ezt AN eaas o yalue @il oa,

| Execute | | Add te ontology

Query results

3

Instances (23) '« [ ] Direct superclasses
#P0D20 [ Superclasses
#P0D24 || Equivalent classes
#P002 [ Direct subclasses
#P013 o

PD12
: Instances
POOD1

®P023
®P022
#®P011
®P021 L]
#P010
®P017
#P006
#P016
#P005

[«]

["] Synchronising

Figure (4.10): Query for all patients diagnosed for the Myasthenia Gravis disease.

Example 2:

e The question: Is the patient with name "x=s" diagnosed for the Myasthenia
Gravis disease?

e Reasoner: HermiT 1.3.8.413.

e Query type: DL-Query.

e The query: = and Jds¥_a¥ value "xess" and i & value @ibasll oa

e The result of the query is shown in Figure (4.11) which returned the diagnosing
of the patient with name "esx",
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< *

Query (class expression)

s and Js¥ a7 vallle "i2" and 4wass o value
itbzaall na g

| Execute | | Add to entology |

Query results
Instances (1) [ ] Direct superclasses
& PO01 0 [ | Superclasses

[| Equivalent classes
[ | Direct subclasses
[ | Subclasses
Instances

[ Synchronising

Figure (4.11): Query for diagnosing the patient with name "esx",

Example 3:
e The question: Who are the patients with blood type O+?
e Query type: DL-Query.
e The query: o= and sl iluaivalue O_Positive
e The result of the query is shown in Figure (4.12) which returned all patients
with blood type O+.
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< *

Query (class expression)

= and 20 2e=t yalue O_Positive

| Execute | | Add to entology

Query results
Instances () || Direct superclasses

®P024 || Superclasses
4roo2 [| Equivalent classes
$PO013 || Direct subclasses
P12 || Subclasses
$roat Instances
$P0O11
$P021
& P0O10
& P0O0O3

[ Synchronising

Figure (4.12): Query for all patients with blood type O+.

Example 4:
e The question: What is the symptoms of the Myasthenia Gravis disease?
e Query type: SPQRQL.
e The query:

PREFIX abc: <http://www.semanticweb.org/Mssatari/ontologies/2015/8/MG#>
SELECT ?symptom
{ WHERE
¢ abc:dlaall (a5 abciom el A8y e (al o) 2symptom }
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e The result of the query is shown in Figure (4.13) which returned the symptoms

of the Myasthenia Gravis disease.

4 x

SPARQL query:

PREFIX rdf: <http:/fwwavow3org/1999/02/22 - rdf -syntax-ns&>

PREFIX owl: =http:/fwww.ow3.org/ 2002707 owlE>

PREFIX rdfs: <http:/www.w3.org/2000/01/rdf-schema®>

PREFIX xsd: <http:/fwwwow3,0rg/ 2001/ XML chema®>

PREFIX abc: <http:/fwww.semanticweb.org/Mssatari/ontologies/2015/8/MG#>

SELECT Fsymptom
WHERE {
aboollasll_ ey abo ogall dogyma_ sl Tsymptom
} - -
symptom L
ossll elatyl = e =

gl e

el 2 gem = e

LG Al e

d Pf e = p
sl pS e

appaa gl Ju omo o) sl e
el E s s

adEl Mt Aipmia g

dagl malle 2 et e

el it s

4]

[ Synchranising

Figure (4.13): Query for the symptoms of the Myasthenia Gravis disease.

Example 5:
e The question: What are the symptoms that the patient "P001" suffered from
before and after being diagnosed for the Myasthenia Gravis disease?

e Query type: SPQRQL.
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e The query:

PREFIX abc: <http://www.semanticweb.org/Mssatari/ontologies/2015/8/MG#>
SELECT Distinct ?symptom
{ WHERE

abc:P001 abct papidll Ji a e:symptom.

abc:P001 abc:pasiall ax (e P7symptom .}

e The result of the query is shown in Figure (4.14) which returned the symptom
patient PO01 suffered from before and after being diagnosed for the Myasthenia

Gravis disease.

PREFIX rdf: <http:/fwwwow3.org/19%99/02/22-rdf-syntax-ns#=

PREFIX owl: <http:/www.ow3.org/2002/07/ owl#>

PREFIX rdfs: <http:/fwww.w3.org/2000/01/rdf-schema#>

PREFIX xsd: <http:/wwnwow3.org/ 2001/ XMLSchema® >

PREFIX abc: <http:/fwww.semanticweb.org/Mssatari/entologies/2013/8/MGE=>

SELECT Distinct Isymptorm
WHERE {

abc:PO0T abe: pousedill_ s, e Tsymptom
aboP001 abojeausdnil] =y ige Tsymptom .
1

symptom

el fat pe o

["] Synchronising

Figure (4.14): Query for the symptoms patient PO01 suffered from before and after
being diagnosed for the Myasthenia Gravis disease.

Example 6:

e The question: What are the age averages of the patients?

e Query type: SPQRQL.
e The query:

ol Lalu Zyl_ﬂbl "
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PREFIX abc: <http://www.semanticweb.org/Mssatari/ontologies/2015/8/MG#>
SELECT (AVG(?age) AS ?avg)
WHERE {

fpatient abct _«=l::age. }

e The result of the query is shown in Figure (4.15) which returned the age

averages of the patients.

4 *

SPAROL queny:

PREFIX rdf: <http:/www.w3.o
PREFIX s <http:
PREFIX e http:
PREFIX < http:/
PREFIX abc: <http://

Lz
"30.583333333333333333333333" "~ <http://www.w3.

[ Synchronising

Figure (4.15): Query for the age averages of the patients.
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4.11 Summary

In this chapter, we have stated the development and evaluation process of the
Myasthenia Gravis disease ontology. We have explained all steps followed to build
the ontology. Firstly, we identified the domain and the scope of the ontology, then we
defined the terms and their properties. We have used the ontology development
protégé tool to implement the ontology, then we have added instances to the ontology
to create a reliable knowledge base, therefore explained some of the factors that are
related to the values of some properties. Finally, we have presented an evaluation of
the Myasthenia Gravis disease ontology and proved that the ontology has answered all

questions and returned the correct results.
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5.1 Introduction

In this chapter, we present and discuss the steps of analysing, designing and
developing the ontology-based approach for diagnosing Myasthenia Gravis disease
and providing recommended treatments include the ontology development to be used
as a knowledge base for the proposed approach.

We first talk about the description of the overall system structure, then
secondly, we explain the development process and enumerate its various steps which
are followed to achieve the goals of the proposed approach, we describe these steps in
details in separated sections:

1. Collecting data: We design a questionnaire to collect information about the
Myasthenia Gravis disease and the Myasthenia Gravis patients to enrich

the ontology and therefore creating a knowledge base.

2. Building the ontology: we described how we build the ontology with the
help of a guide through following the identified steps of (Noy &
McGuinness, 2001):

a. Determine the domain and scope of the ontology.

b. Consider reusing existing ontologies.

c. Enumerate the important terms in the ontology.
d. Define the classes and the class hierarchy.

e. Define the properties of classes - slots.

f. Define the facets of the slots.

g. Create instances.

h. Evaluating (testing) the ontology.

Full details about the development process of the Myasthenia Gravis

ontology are found in Chapter 4.

3. Creating semantic rules: we define a set of rules for diagnosing the
Myasthenia Gravis disease, checking the similarity between patients on the
Myasthenia Gravis ontology and recommending appropriate treatments for
the patients. They help us to achieve the goals of our approach which is

diagnosing the Myasthenia Gravis disease and providing recommended
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treatments for the patients, then to help us for correcting the approach
results to obtain acceptable rate.

4. Reasoning: we apply an ontology reasoner we have chosen from the
various reasoners such as HermiT, Pellet or FaCT++ reasoners on the
ontology to get new facts that help to obtain the desired results from the
knowledge base.

5. Developing a prototype for the proposed approach: we develop a system to
achieve the goals of the proposed approach which consists of three parts as
follows:

a. Knowledge base Interface: we use JENA framework (Apache
JENA, 2015) to develop this interface which will interact with the
proposed ontology by running several SPARQL queries and extract
results from that ontology.

b. User Interface: the role of this interface is to send the various users'
requests of information about the Myasthenia Gravis disease to the
knowledge base, then receives the results and displays them on a

web page to be used by the end user.

5.2 The Structure of the Proposed Approach
The structure of proposed system consists of the following modules as shown
in Figure (5.1).

1. The Myasthenia Gravis Disease Knowledge Base: the core of our
proposed approach is the ontology which consists of two parts. The first
part is the proposed ontology; the second one is represented by the
instances that are inserted into the ontology to make it as enriched
knowledge base of the Myasthenia Gravis symptoms, habits and practices
that may increase or decrease the impact of the Myasthenia Gravis disease,
diagnostic methods, treatments methods, recommended treatments and

several patients' information.
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User Interface 5 Knowledge Base Interface

Searching about
»  Myasthenia » Querying Module |
Gravis
T )/
W 7 R - Diagnosing _| Recommending Kn(g:;lte;i;gs B:se
ymp Module "| Treatments Module (Ontology
I | Domain
Expert

O Y

: Reasoning
= Remlts Module
)

Figure (5.1): Proposed system architecture.

2. Querying Module: using this module, we can answer very specific
questions about the Myasthenia Gravis disease that would be difficult to
answer by looking at ontology directly. We can use SPARQL queries to
extract, filter, calculate and summarize knowledge from the proposed

ontology.

4. Reasoning Module: this module receives several rules from the
Diagnosing module and the Recommending Treatments module, then it
applies these rules to the ontology, finally run the JENA reasoner (Apache
JENA, 2016) on the ontology to get new facts and relations. These facts
can be queried through the Diagnosing module and the Recommending

Treatments module by interacting with the querying module.

5. Diagnosing Module: this module receives selected symptoms from the
user through the user interface then decides if the patient is infected with
the Myasthenia Gravis disease or not by sending some specific diagnosing
rules to the Reasoning module to apply and run them on the ontology, then
using the Querying module to get the results from the ontology, finally it

sends these results to the end user by displaying it on the web page.
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6. Recommending Treatments Module: this module provides the
recommended treatments through the knowledge base for each patient
gradually starting from the body rest, drugs, surgery and other treatment
methods. This means the treatment recommendations are determined based
on how bad the condition of the patient and being compared to similar

cases.

7. User Interface: the role of the user interface is to send the users' inputs
such as symptoms to the knowledge base interface, and then receive the
results that output from the knowledge base interface such as a query results
or diagnosing the disease, then arranges, coordinates and displays it

appropriately on a web page to be ready to use by the user.

The inputs of the proposed approach are symptoms and queries about
information of the Myasthenia Gravis disease. The output is diagnosing status,
recommending treatments if the patient is infected by Myasthenia Gravis disease and

finally the results of the requested queries that are sent before by the user.

We can see how the proposed approach works from the flow chart diagram
shown in Figure (5.2).
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Select Searching
Symptoms and Querying
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Diagnosing Reasoning Querving
Module | | Module | | Module
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Diagnosing i Recommending Knowledge
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(Ontology +
Instances)

No

il

End

Figure (5.2): System flowchart.
Based on the flowchart, the user can:

e Select symptoms as input to the system which transfers these inputs to the
Diagnosing module which decides if the patient who suffers from the
selected symptoms is infected with the Myasthenia Gravis disease or not
by applying specific diagnosing rules to the ontology, then using the
Querying module to interact with the ontology and get results.

e If the patient is not infected by the Myasthenia Gravis disease, the result
will appear immediately. But if he is infected, the Diagnosing module
transfers all patient information to the Recommending Treatments module
which provides the recommended treatments based on the ontology

ol Lalu Zyl_ﬂbl ’
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through the knowledge base for this particular patient through comparing
his case to a similar stable known cases in the knowledge base, then the
results will appear.

e Also, the user can search and query about the disease such as reviewing the
Myasthenia Gravis symptoms, diagnostic methods, treatment methods and
other information. The system transfers the requested queries to the
Querying module which queries the ontology using SPARQL queries and

retrieves the results.

5.3 Collecting Patient Data (Making the Knowledge Base)

We made a questionnaire and distributed it to a number of local and
international Myasthenia Gravis patients, to collect information about patients, disease
symptoms, disease diagnoses and effective treatments. This enables us to build a rich

ontology and knowledge base as a basis for building the proposed approach.

We used Google Forms (Google Inc., 2016) to design this questionnaire. It was
difficult to find and reach the Myasthenia Gravis patients around the world because of
the rarity of the Myasthenia Gravis disease. We contacted these patients to guide them

to fill the questionnaire.

We have divided the questionnaire into several parts to facilitate the filling
process for the patients, it consists of the following sections:

e A front page and introduction.

e The personal information of the patient.

e The disease history of the patient, diagnostic process and the
symptoms.

e The treatments and drugs taken for the Myasthenia Gravis disease.

o Eaten foods and the Myasthenia Gravis disease.

e Played sport and the Myasthenia Gravis disease.

e The thymus gland and the adenectomy surgical of it.

e Other treatments as herbs and the Prophet Muhammad medicine.
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After collecting patients' data, we arrange and prepare the data to be entered to
our proposed ontology to become ready for use as a knowledge base.

Figure (5.3) shows the front page of the questionnaire; all parts of the

questionnaire can be found in the Appendix.

elizaall (g uta pal B

1 \

. 4 £ -~ 5 t g < TP <4 2. X SN \ £ PP
ado jitlegal pad¥l 2 3all; ol g ST claglon ) Jgom sl st sa il Sctams | Ll g o el il

sl by

o il ?mJ,e-.;L;_ Lnu\_ﬁ;u«..m\..dsoiwsn 3 gl a8 g
ey X 2 I |
Cuhucj);uaa:\muuu:m ¢|..u uL

Glun gy LS Al Hall Gy (al 2
4.8y

-

\ g 7"\"”‘;

Figure (5.3): The front page of the quesfionnairé.

78

www.manaraa.com



5.4 Building the Ontology

Building and developing the proposed ontology is done based on Ontology
Development 101: A Guide to Creating Your First Ontology (Noy & McGuinness,
2001) and using the Protegé tool (Stanford Center for Biomedical Informatics
Research (BMIR), 2016) among various tools available for developing ontologies. The

details of the ontology building process are found in Chapter 4.

5.5 Creating Semantic Rules

A set of rules is defined to obtain specific information from the knowledge
base for diagnosing patients for the Myasthenia Gravis disease, and obtaining
recommendations for appropriate treatments for each new patient by comparing his
case with other stable cases in the knowledge base which have been diagnosed
previously for the Myasthenia Gravis disease and suffer from the same symptoms and

live a stable life.

We have chosen the JENA rule language among the various sematic rule
languages such as SWRL to create the desired rules that we used in our approach. For

example, one rule from the rules for diagnosing the Myasthenia Gravis disease is:

1. [(?patient  Lae_dd gl sae ead )l (gall)

2. (Ppatient = ase JE el sae_osd elell),

3. (Ppatient  L=se_Jd pansl oaoe il 3l vie Jy gl s sea)
4. ->

5. (Ppatient = & 4eapads OBy CBleaall)]

The rule states that: all patient individuals with the symptoms individuals
"eyelid dropping" (in Arabic "¢l sla3,1™), "feeling sick” (in Arabic "sbe YL ) = 2l")
and "Muscle weakness when exertion" (in Arabic "ssexe sl J3 2ie 323l dl") are

diagnosed for the Myasthenia Gravis disease.

The set of rules to check the similarity between patients having the same

symptoms are:
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1. [(?patientl oale_dd =il 2symptoml),
2. (?patient2 ajse JE paidl 2symptoml),
3. (?patientl o=, _dd saxsidll 2symptom2),
4. (?patient2 o=,e Jd pasill 2symptom2),
5. (?patientl o=,e_dd saxsidll 2symptom3),
6. (?patient2 =,e_Jd saxidll 2symptom3),
7. (Ppatientl o=,e_dd saxddll 2symptomd),
8. (?Ppatient2 _ase JE panidl 2symptomd),
9. (?patientl Case JE paidll 2symptomb),
10. (?patient2 ase Jd peaddll 2symptom5),
11. (7patient2 o=l A 5 i),
12. notEqual(?patientl,? patient2),

13. notEqual(?symptom1,?symptom2),

14. notEqual(?symptom1,?symptom3),

15. notEqual(?symptom1,?symptom4),

16. notEqual(?symptom1,?symptom5),

17. notEqual(?symptom2,?symptom3),

18. notEqual(?symptom2,?symptom4),

19. notEqual(?symptom2,?symptom5),

20. notEqual(?symptom3,?symptom4),

21. notEqual(?symptom3,?symptom5),

22. notEqual(?symptom4,?symptom5),

23. ->

24. (?patient2 4 ?patientsl)],

These rules state that: if patientl has the same five symptoms of patient2 and
all five symptoms differ from each and the case status of patient2 is "stable” (in Arabic
"3 i), then the case of patient2 is similar to that of patientl.

The set of rules that provides the recommendation of appropriate treatments
are:

[(?patientl type 2 ),
(?patient2 type a8 ),
notEqual(?patientl,? patient2),
(?patientl i ?patient2),
(?patientl 333 z3le ?treatment),
(Ppatientl =iy (meaiy ae ?treatment),
(?patient] px3iwy =3le ?treatment2),
(?patient]l =iy (esdy ae ?treatment?),
(?treatment3 type alEall),

. (?patient] pa3iuy z3le ?treatment3),

. (7patientl =iy (sl ae ?treatment3),

. (Ptreatment4 type  alaall),

. (?patientl s33iw #3le ?treatments),

. (?patientl =dy (mady ae ?treatmentd),

. (?patientl a <)l Aa 3 i),

©WoNOR~WDN R

R el
A WNPRFEPO

[N
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16. (?treatment3 type ?class3),

17. (?treatment4 type ?class4),

18. notEqual(?treatment,?treatment2),
19. notEqual(?treatment3,?treatment4),
20. notEqual(?class3,?class4),

21, ->

22. (?patient2 z3\e_z i ?treatment?2),
23. (?patient2 z3\e_z i ?treatment3),
24. (?patient2 z3\e_z i ?treatments),
25. (?patient2 z3\=_z s ?treatment)]

These rules state that: if two different patient individuals are members of the
ontology class "Patients" (in Arabic "=_<") and one of them takes different
treatments for the Myasthenia Gravis disease and feels better with these treatments,
and the case status of patient2 is "stable" (in Arabic "3_s."), then these different

treatments are proposed the other patient.

We add these rules to the ontology using the Protégé tool as shown
in Figure (5.4).

-Qg MG (http://www.semanticweb.org/Mssatari/ontologies/2015/8/MG#) : [C\Users\mssathOneDrivel ol iiiwal\NetBeansProjects\MGweb'\assets\ Ne
File Edit View Reasoner Tools Refactor Window Debugger Ontop Help

- @ MG (http://www.sermanticweb.org/Mssatari/ontologies/2015/8/MG#)
Active Ontology = | Entities = | Classes = Object Properties = Data Properties = | Individuals by class = DL Query = | OntoGraf = SWRLTab

Rules
pesl U8 gae(X, pedil 8 g (AL BED B G (P, medB S (A sl Jd S sl ol gm (X, Sk oRy)
e 3R e (7%, pesdil U2 Gap (0dE e G (X A 8 (Al gl pae (2, Soad_cay)
ik Slagad des (P sl @0 (gl cHladl pdl pead (Tog, Sl gag)
el 3 ga (P, oedddl dE gap (Rl ow i p (X, el @ <o (elefly el e (3%, Skl oay)
el 3 ga (P, oedddl d& gap (A Aeied_ ok s (X, Aesd & < (Wl el g (7%, Skl o2y)
el JE e (2%, pesdil_JE e e (R sm omp (7K, sedd G (s el e (23, Sod_cag)
i) JE gae(?X, peadll 38 e (oal_sldi) e (?X, il & 0 (aga_gl d s5 sl ol gags (2, Sed_gag)
el JE oae(?pl, PSYymp), o=l g8 s =(?p2, Psymp) > «s(?pl, ?p2)
e R e (P, pesni_JE Gap (o E e e (X, Aend B (AWl el e (2K, Sad_0ay)
Ceadll 4R (P, oesi_JE Gae ,(Rd_B_od e (X, aesl 8 (ol Jh S5 sl ol e (X, SOlad_0sy)
Cealll 3R GaE(PX, oesi_JE i (0d o Bl ne (P ead 8 (sl d S sl ol gae (P, Sd(ay)
It e A R ey € e G LN DTV € AR )
el 3 Ga (P, pesiil 32 g (SR pea (7, Aesd S oo (eey ol page (2SS oag)
Ak Slagad Jan (PN, deeiel a0 () Aampedlll il add (Px, Sl i)
ol 38 g (X, oedil JE ga g (Ras_B R S (P, deili f < (el _jed g (2, SOkdl_oay)
SR (2, pea_SE e (A e e (7K, s S (el Ju s el el age (27X, SSkd_(ag)
Ak Sicgad Jes (X, il @ o (el obems kukas (P, Skl o25)
Ceadll 4R e (R, oesi_dE i, (Rl_Relal o (X, end s (sl db S wall ol e (2X, Skl 08y)
Y o ARV O T Y € A el o AL D)
Y o ST IV CC O ST € i e LINT T ¢ A D |
weil 48 gap (X, penl &8 gag (Cped i onp (B, deiS S <o ey et gap (X, Siad_csy)
paall 32 gap(X, pesdl 2 gage (AL B RN oo e (P aess S (apae sl J S sl ol e (X, Sokadgpy)
B Y o AU TV CONE T RV ¢ A I (T I € A D)
omR_JE e (X, oeR_dE e (RIS R e (2, Aeni s < (ase_gl_du_So_ss ol e (X, Soad_gky)
oAl SR e (X, pesed) JE e (Ol sl ol e (FX, e B (seWl gt Rge (2X, SO Ghg)

Figure (5.4): The defined rules shown in Protégé.
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5.6 Reasoning

Reasoning is important to obtain new relations from existing ones. The
reasoner is able to identify the different types of ontological relations such as transitive,
symmetric, inverse and functional properties and use them to add new facts such as
the "similar to" (in Arabic "4:&"). In addition to reasoning, applying the predefined
rules is performed to obtain new results of diagnosing the Myasthenia Gravis disease

and also providing appropriate recommended treatments for patients.

An example of the reasoning applied to the ontology is the reasoning result of
the "similar to" (in Arabic "4x&4") object property that is shown in Figure (5.5).
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Figure (5.5): Reasoning result of the "similar to" (in Arabic "4:4") object property.

The Figure (5.5) shows the result of applying reasoning on the ontology to get
the similar patients of the patient "Mohammed Hasan" (in Arabic "¢ 2as") we found

4 patients whose cases are similar patient Mohammed Hasan are (P013, P018, P023
and P024).
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5.7 Querying

The semantic querying allows to perform query statements which are written
in SPARQL Query or DL Query. This semantic queries enable us to retrieve both
explicitly and implicitly derived information. We can answer very specific questions
about the Myasthenia Gravis disease that would be difficult to answer by looking at
the ontology directly.

We use querying in all parts of the system to retrieve the desired information
as needed such as Myasthenia Gravis symptoms (in Arabic "<Stiasl) (5 (e () 1)
and recommended practices that may increase or decrease the Myasthenia Gravis

disease impact (in Arabic "o sl ey W and "o 5l 1 5 W) as shown in Figure (5.6).
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Figure (5.6): A recommended practices that may increase or decrease the

Myasthenia Gravis disease impact.

5.8 Diagnosing
Diagnosing and recommending treatments are the core of the approach as we
explain in Section (5.2). The knowledge base plays an important role in the system

where it stores the knowledge about disease, symptoms, patients and treatments.
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Based on the step of creating rules and the step of reasoning, we can diagnose
new patients of Myasthenia Gravis disease. An example of one semantic rule that
responsible for diagnosing a patient for the Myasthenia Gravis disease was presented

as first example in Section (5.5).

The steps followed to diagnose a patient for the Myasthenia Gravis disease on

the system are:
Step 1: Starting the diagnosis of disease process.

Step 2: The system shows a form including information about the patient such
as his name, email, phone, blood type, sex, marital status and a list of symptoms, this
form must be filled to continue the diagnosis process as shown in Figure (5.7).
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Figure (5.7): The patient information form.

BRE EJLIH

84

www.manharaa.com



Step 3: After the user fills the form, he clicks to the "diagnose” button (in

Arabic "ga )l padliEM),

Step 4: When the user clicks to the "diagnose" button (in Arabic " (=i

u=a_<l") the system inserts this patient into the ontology.

Step 5: The system creates the semantic rule for the diagnosis process as
explained in Section (5.5).

Step 6: The system applies the previous semantic rules to the ontology by

running the reasoner.

Step 7: The system executes a SPARQL query statement to obtain the diagnosis
result. The query that is used to retrieve the check if the patient is diagnosed for the

Myasthenia Gravis disease or not is:

1. PREFIX abc: <http://www.semanticweb.org/Mssatari/ontologies/2015/8/MG#>
2. SELECT ?subject ?0bject

3 WHERE {

4, ?subject abc:ai_4=aii ?0bject

5 FILTER (?0bject = abc:oa 5_<iSlzaall),

6 FILTER (?subject = abc:patientName).

7 } order by ?subject

Step 8: the system displays the results of the diagnosis process on the user

interface as shown in Figure (5.8)

5.9 Recommending Treatments

Based on creating rules and reasoning, we can recommend treatments for
specific patients who are diagnosed for the Myasthenia Gravis disease. An example of
one semantic rule that responsible for recommending appropriate treatments for a
patient of the Myasthenia Gravis disease was presented as third example in
Section (5.5)
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Figure (5.8): The result of the diagnosis process.

The steps followed to recommend appropriate treatments are:

Step 1: After all of the diagnosis process steps, the system searches about

similar patients to the given patient.

Step 2: The system creates the semantic rules for finding out similar patients

of the given patient.

Step 3: The system applies the previous semantic rules to the knowledge base

by running the reasoner.

Step 4: The system executes a SPARQL query statement to obtain the result of
similarity of patients. The query that is used to retrieve the similar patients of the given

patient is:

1. PREFIX abc: <http://www.semanticweb.org/Mssatari/ontologies/2015/8/MG#>
2. SELECT ?subject ?object

3 WHERE {

4, ?subject abc:4x4 20bject

5 FILTER (?subject = abc:patientName).

6 } order by ?subject
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Step 5: The system displays the similar patients on the user interface as shown
in Figure (5.8)

Step 6: The system creates the semantic rules for recommending appropriate

treatments for the given patient.

Step 7: The system applies the previous semantic rules to the ontology by

running the reasoner.

Step 8: The system executes a SPARQL query statement to obtain the result of
recommending appropriate treatments. The query that is used to retrieve the

recommended appropriate treatments of the given patient is:

PREFIX abc: <http://www.semanticweb.org/Mssatari/ontologies/2015/8/MG#>
SELECT ?subject ?object
WHERE {
?subject abc:z s« z3le ?0bject
FILTER (?subject = abc:patientName).
} order by ?subject

ok wpnpE

Step 9: The system executes a SPARQL query statement to retrieve practices
that may decrease the Myasthenia Gravis disease impact which is:

1. PREFIX abc: <http://www.semanticweb.org/Mssatari/ontologies/2015/8/MG#>
2. SELECT ?patient ?similar ?decreaseMG

3 WHERE {

4, ?patient abc:4xiy ?similar.

5 ?similar abc:ge (maiy 2l ?decreaseMG.

6 FILTER (?patient = abc:patientName)

7

Step 10: The system executes a SPARQL query statement to retrieve practices

that may increase the Myasthenia Gravis disease impact which is:

1. PREFIX abc: <http://www.semanticweb.org/Mssatari/ontologies/2015/8/MG#>
2. SELECT ?patient ?similar ?decreaseMG

3 WHERE {

4. ?patient abc:4xis ?similar.

5 ?similar abc:ge s s =l ?decreaseMG.

6 FILTER (?patient = abc:patientName)

7
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Step 11: The system displays the appropriate recommended treatments and the
previous practices on the user interface as shown in Figure (5.9)
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Figure (5.9): The recommended treatments and practices that may decrease or
increase the impact of the Myasthenia Gravis disease.

5.10 Developing a Prototype of the Proposed Approach

After building the knowledge base, we developed an ontology-based prototype
that can be used to diagnose the Myasthenia Gravis disease and provide recommended

treatments to achieve the goals of the approach. Next, we elaborate in this prototype.
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5.10.1 Requirements

e The system allows the doctor to enter symptoms to diagnose a patient for
the Myasthenia Gravis disease.

e The system returns a recommended treatments and recommended
practices that may increase and decrease the Myasthenia Gravis disease to
each patient separately from the other stabled patients.

e The system allows doctors and patients to query for the diagnostic methods
of the Myasthenia Gravis disease.

e The system allows doctors and patients to query for drugs to avoid that
may increase the impact of the Myasthenia Gravis disease.

e The system allows doctors and patients to query for drugs that may be used
to treat for the Myasthenia Gravis disease.

e The system allows doctors and patients to query for treatment methods of
the Myasthenia Gravis disease.

e The system allows doctors and patients to find out what habits and
practices can increase the impact of the Myasthenia Gravis disease for all
patients.

e The system allows doctors and patients to query for the unknown
symptoms of the Myasthenia Gravis disease.

e The system allows doctors and patients to query for the known symptoms
of the Myasthenia Gravis disease

5.10.2 System Functions

We employ use cases to describe each functional requirement. We describe
various of use cases that define the interactions between a role (actor) and the system.

That actor can be a human or other external system.

The use cases that are used to describe the functionality of the whole system are
shown in Table (5.1).
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Table (5.1): Use cases table.

Use Case
[\[o}

1.

9.

10.

Use Case

Diagnosing a patient for the Myasthenia Gravis
disease or not

Getting the recommended treatments and
recommended practices from the system that may
be increase or decrease the impact of the
Myasthenia Gravis disease.

Query for the diagnosing methods of the
Myasthenia Gravis disease

Query for the drugs to avoid that may increase the
impact of the Myasthenia Gravis disease

Query for the drugs that are used to treat the
Myasthenia Gravis disease

Query for the treatment methods of the Myasthenia
Gravis disease

Find out what habits and practices might increase
the impact of the Myasthenia Gravis disease for all
patients.

Find out what habits and practices might decrease
the impact of the Myasthenia Gravis disease for all
patients.

Query for the unknown symptoms of the
Myasthenia Gravis disease

Query for the known symptoms of the Myasthenia
Gravis disease

Actor

Doctor
Doctor

Doctor or patient
Doctor or patient
Doctor or patient

Doctor or patient

Doctor or patient

Doctor or patient

Doctor or patient

Doctor or patient

Use case 1: Diagnosing a patient for the Myasthenia Gravis disease or not.

Primary Actor Doctor
1. A patient suffers from symptoms similar to the Myasthenia

Main Scenario

Gravis symptoms.

2. The doctor enters to the user interface of the Myasthenia

Gravis system to diagnose patient.

P w

He presses to the "diagnosing the MG" button.
The user interface shows a web page contain fields must be

filled about the personal information and the symptoms of

the patients.

5. The system decides if the patient is infected with the

Myasthenia Gravis disease or not.
6. The user interface displays the results.
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Use case 2: Getting the recommended treatments and recommended practices from

the system that may increase or decrease the impact of the Myasthenia Gravis disease.

Primary Actor Doctor

1. The doctor enters to the user interface of the Myasthenia
Gravis system to get a recommended treatments for a
patients.

2. He presses "diagnosing the MG™" button.

3. User interface shows a web page which contain fields that
must be filled about the personal information and the
symptoms of the patient.

4. The user interface  displays the treatments
recommendations for this patient.

Main Scenario

Use case 3: Query for the diagnostic methods of the Myasthenia Gravis disease.

Primary Actor Doctor or patient

1. A user of the web enters on the user interface of the
Myasthenia Gravis system.

2. He presses "diagnostic methods™ button.

3. The user interface requests the diagnosing methods list of

the Myasthenia Gravis disease by sending a SPARQL

query to the MG ontology.

The ontology executes the SPARQL query.

The ontology gets a result from the SPARQL query.

The ontology sends the result to the user interface.

The user interface displays the results of the query to the

user in a table.

Main Scenario

N o ok

Use case 4: Query for the drugs to avoid that may increase the impact of the
Myasthenia Gravis disease.

Primary Actor Doctor or patient
1. A user of the web enters on the user interface of the
Myasthenia Gravis system.
2. He presses "drugs to avoid with MG" button.
3. The user interface requests the drugs to avoid list of the
Main Scenario Myasthenia Gravis disease by sending a SPARQL query
to the MG ontology.
4. The ontology executes the SPARQL query.
5. The ontology gets a result from the SPARQL query.
6. The ontology sends the result to the user interface.
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Primary Actor Doctor or patient |
7. The user interface displays the results of the query to the

user in a table.

Use case 5: Query for the drugs that are used to treat the Myasthenia Gravis disease.

Primary Actor Doctor or patient

1. A user of the web enters on the user interface of the
Myasthenia Gravis system.

2. He presses "MG drugs" button.

3. The wuser interface requests the drugs list of the

Myasthenia Gravis disease by sending a SPARQL query

to the MG ontology.

The ontology executes the SPARQL query.

The ontology gets a result from the SPARQL query.

The ontology sends the result to the user interface.

The user interface displays the results of the query to the

user in a table.

Main Scenario

N o os

Use case 6: Query for the treatment methods of the Myasthenia Gravis disease.

Primary Actor Doctor or patient

1. A user of the web enters on the user interface of the

Myasthenia Gravis system.

2. He presses "MG treatment"” button.

3. The user interface requests the treatment methods of the
Myasthenia Gravis disease by sending a SPARQL query
to the MG ontology.
The ontology executes the SPARQL query.
The ontology gets a result from the SPARQL query.
The ontology sends the result to the user interface.
The user interface displays the results of the query to the
user in a table.

Main Scenario

N o o s

Use case 7: Find out what habits and practices might increase the impact of the
Myasthenia Gravis disease for all patients.

Primary Actor Doctor or patient
1. Hasan is a scientist in medicine and he enters on the user

interface of the Myasthenia Gravis system.

Hasan presses "be careful with MG" button.

The user interface request what habits and practices can
increase the impact of the Myasthenia Gravis disease by
sending a SPARQL query to the MG ontology.
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Primary Actor Doctor or patient

The ontology executes the SPARQL query.

The ontology gets a result from the SPARQL query.

The ontology sends the result to the user interface.

The user interface displays the results of the query to the
user in a table.

No os

Use case 8: Find out what habits and practices might decrease the impact of the
Myasthenia Gravis disease for all patients.

Primary Actor Doctor or patient \
1. Ali is a Myasthenia Gravis patient and he enters on the
user interface of the Myasthenia Gravis system.
2. Ali presses "improving the MG™ button.
3. The user interface request what habits and practices can
improves the Myasthenia Gravis disease by sending a
Main Scenario SPARQL query to the MG ontology.
The ontology executes the SPARQL query.
The ontology gets a result from the SPARQL query.
The ontology sends the result to the user interface.
The user interface displays the results of the query to the
user in a table.

No os

Use case 9: Query for the unknown symptoms of the Myasthenia Gravis disease.

Primary Actor Doctor or patient
1. Ahmed is a Myasthenia Gravis patient and he enters on
the user interface of the Myasthenia Gravis system.
2. Ahmed presses "unknown symptoms" button.
The user interface requests the MG unknown symptoms
by sending a SPARQL query to the MG ontology.
The ontology executes the SPARQL query.
The ontology gets a result from the SPARQL query.
The ontology sends the result to the user interface.
The user interface displays the results of the query to the
user in a table.

w

Main Scenario

No oas
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Use case 10: Query for the known symptoms of the Myasthenia Gravis disease.

1. Dr. Mohammed enter to the user interface of the
Myasthenia Gravis system.

Dr. Mohammed presses "known symptoms" button.

The user interface requests the MG known symptoms by
sending a SPARQL query to the MG ontology.

The ontology executes the SPARQL query.

The ontology gets a result from the SPARQL query.

The ontology sends the result to the user interface.

The user interface displays the results of the query to the
user in a table.

GO

Main Scenario

No s

5.10.3 Knowledge Base Interface Development

We develop a JENA (Apache JENA, 2015) modules interface whose major role
is to interact with the Myasthenia Gravis knowledge base by running several SPARQL
queries and extracting results from the knowledge base. It receives the user input such
as symptoms and queries, then it executes some SPARQL queries as it is required from
the user, getting the desired results and finally return these results to the user.

The knowledge base interface consists of a set of modules such as querying
module, diagnosing module, recommending treatments module. Full details about

these modules are covered in Section (5.2).
5.10.4 Applying an Ontology Reasoner

After creating semantic rules, we invoke the ontology reasoner called JENA
reasoner (Apache JENA, 2016) to get new facts from the ontology and its instances
(knowledge base) that help to obtain the desired results of diagnosing for the
Myasthenia Gravis disease and providing an appropriate recommended treatments for

patients.

An example of applying a rule from the rules that recommend the appropriate

treatments on the knowledge base:
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1. public List<String> treatmentReommendations(String patientName) {

2. List<String> list = new ArrayList<String>();

3. OntModel model = ModelFactory.createOntologyModel();

4. FileManager.get().readModel(model, "http://localhost:8080/MG/assets/NewMG.owl!");
5.

6. String rdf = "http://www.w3.0rg/1999/02/22-rdf-syntax-ns#";

7. String rdfs = "http://www.w3.0rg/2000/01/rdf-schema#";

8. String prefix = "http://www.semanticweb.org/Mssatari/ontologies/2015/8/MG#";
9. String owl = "http://www.w3.0rg/2002/07/owl#";

10. Stringrule ="";

11. rule +="[(?p1 " + rdf + "type " + prefix + "= 4),"

12. +"(?p2 " + rdf + "type " + prefix + "= 4),"

13. + "notEqual(?p1,?p2),"

14, +"(?p1 " + prefix + "4 ?p2)"

15. +"(7p1 " + prefix + "axiie #3le Ptreatment),”

16. +"(72p1 "+ prefix + "oy Gest ae 2treatment),”

17. +"(?7p1 " + prefix + "axiis 3o ?treatment2),”

18. +"(?pl " + prefix + " oxdy Ol ae ?treatment2),”

19. + "notEqual(?treatment, ?treatment2),"

20. +"(?p1 " + prefix + "3t =3l 2treatment3),”

21. +"(?pl " + prefix + " oxdy Ol ae ?treatment3),”

22, +"(?p1 " + prefix + "3t =3l 2treatment4),”

23. +"(72p1 "+ prefix + " osdy sy ae 2treatment4),”

24, + "(?treatment3 " + rdf + "type " + prefix + " _EG=ll)"

25. + "(?treatment4 " + rdf + "type " + prefix + " _sll)"

26. + "(?treatment3 " + rdf + "type ?class3)"

27. + "(?treatment4 " + rdf + "type ?class4)"

28. + "notEqual(?treatment3, ?treatment4),"”

29. + "notEqual(?class3,?class4),"”

30. + 1>

31. +"(?p2 " + prefix + "z2e_# . ?treatment2),”

32. +"(?p2 " + prefix + "z2e_~ . ?treatment3),”

33. +"(72p2 " + prefix + "zoe ~ i 2treatment4),”

34. +"(72p2 " + prefix + "zoe ~ siEe 2treatment)]”;

35.

36. Reasoner reasoner = new GenericRuleReasoner(Rule.parseRules(rule));

37.

38. infModelRecommendations = ModelFactory.createInfModel(reasoner, infModelSimilar);
39. Query query = QueryFactory.create(

40. "PREFIX abc: <http://www.semanticweb.org/Mssatari/ontologies/2015/8/MG#>\n"
41. + "SELECT ?subject ?object\n"

42, +" WHERE { \n"

43, + ?subject abc:z>e_# s&s ?0bject\n”

44, +"  FILTER (?subject = abc:" + patientName + ")."

45, +" } order by ?subject"

46. );

47,

48. QueryExecution ge = QueryExecutionFactory.create(query, infModelRecommendations);
49. ResultSet rs = ge.execSelect();

50.
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51. while (rs.hasNext()) {

52. QuerySolution gs = rs.nextSolution();
53. RDFNode d1 = gs.get("object");

54, String[] pp = d1.toString().split("#");
55. list.add(pp[1].toString());

56. }

57.

58. return list;

59. }

As shown in the previous code we can find the code that is responsible for opening
and loading the ontology on line number 4, the prefixes definition that is used the
ontology processes are found on lines 6 to 9, the definition of the semantic rules that
are used to proposed appropriate recommended treatments is found on lines 10 to 34,
the code that is responsible for reasoning and getting a new facts from the ontology is
shown on lines 36 to 38, and finally executing a query to get new facts and return them

as array list is found on lines 39 to the end of the code.
5.11 User Interface

The major role of the user interface is to send to the knowledge base interface
various user's requests of information about the Myasthenia Gravis disease, to receive

the results from the knowledge interface, arrange and display these results to the user.

The user interface is implemented using HTML, Java Server Pages (JSP) and

Servlet.

An example of using the user interface by entering the patient symptoms is shown
in Figure (5.10).

The patient's symptoms interface consists of information about the patient such
as the contact information included name, email, and phone number, and the patient

health information included blood type, sex, marital status and symptoms list.

Another example of diagnosing and recommending treatments and practices are
shown in Figure (5.11) and Figure (5.12).
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Figure (5.10): Entering the patient symptoms.
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Figure (5.11): The diagnosing process of a patient and the recommended treatments
that the system provided.
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We design the results page, shown in Figure (5.11), to consist of the results of
diagnosing the patient for the Myasthenia Gravis disease. In the case that is shown in
Figure (5.11), the entered symptoms of a patient show that this patient suffers from the

Myasthenia Gravis disease.
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Figure (5.12): The recommended practices that may decrease or increase the impact
of the Myasthenia Gravis disease.

The next part in the results page, shown in Figure (5.12), shows the recommended
treatments for the given patient, a recommended practices that may decrease the
Myasthenia Gravis disease impact and a recommended practices that may increase the

Myasthenia Gravis disease impact.

In the case shown in Figure (5.12), the system recommended four treatments for
the given patient consisting of the drug Mestinon 60mg every 6 hours, the removal of
thymus gland (in Arabic "4 s« 3221l 1 31™), Plasmapheresis and VI (in Arabic " Jwe
L 3%0I") and vitamins and supplements drug B12 (in Arabic "olié B12"). The other
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two parts show a number of recommended practices that may decrease or increase the
Myasthenia Gravis disease impact included, as examples, decreasing the impact of the
disease such as sleeping (in Arabic "»s1"), bathing with cold water (in Arabic " sleiu)
24 <L) and another example of increasing the impact of the disease such as
cortisone drug, staying up late (in Arabic "_«") and weather changes (in Arabic
"l "),

5.12 Summary

In this chapter, we explain the Myasthenia Gravis system architecture and system
processes through system flowchart. Then we have presented the phases of building
the Myasthenia Gravis system which are collection patients data, building the
knowledge base (ontology and instances), creating the semantic rules, reasoning,
implemented the knowledge base interface and the user interface. We have described

the system functionality through various use cases.
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In this chapter, we present the experiments performed for the preliminary
evaluation process of the proposed ontology and system. We evaluate firstly the
diagnostic process accuracy of the approach by entering information about a number
of persons who are infected with the Myasthenia Gravis disease and evaluate the
results. Secondly, we evaluate the recommendation treatments process according to a
human expert in Brian and Neurology by comparing his recommended treatments of a
case of a patient with the recommended treatments of the doctor who treated this case,
then with the recommendations of the approach which recommended to treat the same
patient, finally we evaluate the efficiency of the approach by comparing the speed of
the processes with the average delay in traditional diagnosing of a patient.

6.1 Evaluation Tools
For the evaluation process and carrying out the experiments to obtain the

results, we used the following tools:
6.1.1 SPARQL Query Language

We used the SPARQL Protocol and RDF Query Language (SPARQL)
(Prud’Hommeaux & Seaborne, 2008) to perform the evaluation results of queries.

6.1.2 Apache JENA

We used the JENA (Apache JENA, 2015) as interface to interact with the
ontology (OWL files) to send the test cases, running a lot of queries and getting the

results.
6.1.3 JENA Reasoner

We used the JENA reasoner (Apache JENA, 2016) to evaluate the diagnosing
process by applying a lot of web semantic rules to the test cases and get the test results.

6.1.4 JavaServer Pages

We used the Java Server Pages (Oracle, 2016) to implement user interface and
interact with the JENA interface (Apache JENA, 2015) and display the results of the

evaluation process.
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6.2 Preliminary Evaluation of the System

In this section, we describe how we carried out the experimental test to evaluate

the accuracy and efficiency of the system according to three parts as follows:
6.2.1 The Accuracy of Diagnosing MG by the System

This is the first part of the preliminary evaluation process. We calculate how
many patients the system can diagnose correctly for the Myasthenia Gravis disease;
this part of the preliminary evaluation includes 36 real patients who are diagnosed for
the Myasthenia Gravis disease. We enter the symptoms of each of these patients to the
Diagnosing module in the system, get the diagnosing results and calculate the accuracy

of diagnosing the Myasthenia Gravis disease.

The test cases with their symptoms that are used in this part of the preliminary

evaluation and entered to the Diagnosing module are shown in Table (6.1).

Table (6.1): Test cases with their symptoms that are entered to the Diagnosing
module.

Symptoms (English and Arabic)

Muscle weakness when exertion, weakness of upper limbs, shortness of
breath, change in facial features, eyelid dropping, change in voice,
1 difficulties with swallow, difficulties with speech and chest pain.

gedha (8 L cuiitl) A Gaa ¢y slall Gl Y] Cant ea s () JN 3 jma g ole and

oall 8 2T OIS & graa ol 4 g o paall jnd o siall £la ) can sl
Muscle weakness when exertion, insomnia, weakness of lower limbs,
paralysis of the lower limbs, unstable walking, weakness of upper limbs,
paralysis of the upper limbs, eyelid dropping, change in voice, difficulties

with swallow, difficulties with speech.

e glind) Cal kY JLE dglind) Cal plal) cand (51 60 sema sl J 2 ey adig ale s
(s gaall a6 siadl ola ) ey glall Cal LY QLS ¢ glall ol Y Cand o el ) il

IS A gra call) A gaaa

102

www.manaraa.com



Symptoms (English and Arabic)

Eyelid dropping, double vision, chest pain.
ol AT sl daa 53 3) ¢y siad) olas )
Feeling sick, muscle weakness when exertion, weakness of lower limbs,
unstable walking, weakness of upper limbs, changes in facial features,
4 double vision, difficulties with speech.
Dl pae cddind) CallY) Cand dsena ) JN dma wady ale cand ele YU sl
SN A g eyl Al 5300 edn ) eadla (b ad g lall il Y Can o il
Eyelid dropping, double vision.
Ayl daal 55l (o siall elad )
Muscle weakness when exertion, insomnia, weakness of lower limbs,
unstable walking, shortness of breath, double vision, eyelid dropping,
6 changes in facial features, change in voice, difficulties with speech.
G ¢l )il ane Agliall iyl Cant o3l 03 seae sl U3 2 jae aadig ale s
PUTSE SYPURPYCIOR (VS P T p PRYPIOPEN RPN IV PR JEVEE PR g
Feeling sick, weakness of lower limbs, unstable walking, changes in facial
features, eyelid dropping, difficulties with swallow, difficulties with
7 speech.
slat ) can gl madle (B Lrd o olall )l ade il LY Gl ele Yl e
S A s 2l A g () 58l
Muscle weakness when exertion, weakness of lower limbs, shortness of
breath, eyelid dropping, double vision, change in voice, difficulties with
8 swallow, difficulties with speech, chest pain.
(Osiall el )l (il b Gada dliall Gl Y G 3 seae 6 J3 2 jaan aad g ale
ovall B2V GOSN 4 graa @l 4 pra aall it Al Al 50)
Insomnia, eyelid dropping, double vision, change in voice, difficulties with
9 swallow.
A A s e paall e eyl A 531 ey sinll sl G
Feeling sick, muscle weakness when exertion, insomnia, change in voice,

10 ditficulties with swallow, difficulties with speech.
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Symptoms (English and Arabic)

%Jucégl\:\g}mcﬁﬂ\)&ﬁcé‘)i cdwtﬁidﬁgjﬂgﬁjabgﬂccbc;YQJﬂ
R

Feeling sick, muscle weakness when exertion, insomnia, weakness of lower
limbs, unstable walking, weakness of upper limbs, shortness of breath,
changes in facial features, eyelid dropping, double vision, change in voice,

11 difficulties with swallow, difficulties with speech.
D il pae dalindl Cal 5l a3l ea sema (gl J e w2l ale sl cele YU g2
a5 0 sial) oA ) can sl pradle (B st ¢l A G oy lall ol Sl Can ¢ el
AN A a4 gra (i paall s Ay )l

Eyelid dropping, muscle weakness when exertion, insomnia, chest pain.

12 Al ‘sﬁe\ﬂ céj GJ‘}@..AALﬁi JYa L g ale Caal A ) daal g0 3 ¢ saall olAS )
Insomnia, double vision, eyelid dropping, double vision, feeling sick, heavy
13 Mmucus.

el i Ayl Al sl (o siall ol ) cdalaall A0S (3
Muscle weakness when exertion, weakness of lower limbs, weakness of
upper limbs, paralysis of the upper limbs, shortness of breath, heavy mucus,
changes in facial features, change in voice, difficulties with swallow,
14  difficulties with speech.

JLE dlall Cal HhY) caad dglandl Cal kY Cand caseae ) JN 3wl Hle s
L graa (geall yad cdn gl madle 8y dalaiall DS (il b aca dy lall il LY
.em‘ Lsra ‘Q—L‘S‘
Muscle weakness when exertion, weakness of lower limbs, unstable
walking, weakness of upper limbs, shortness of breath, changes in facial
features, eyelid dropping, double vision, change in voice, difficulties with

15  swallow, difficulties with speech, heavy mucus.
Gl Gt il ) il ane i) il ylaY) Cand e seae s J 3 yaay 2 g ale el
sl Al 5331 ¢ siall A )l can sl adla b s calaall BUS (i) (G ¢y slel)

e)ﬁ\a.um cé.\na.\yu.a “LI‘,AAS‘J:DJ
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Symptoms (English and Arabic)

- Feeling sick, muscle weakness when exertion, unstable walking, shortness
of breath, heavy mucus, changes in facial features, eyelid dropping, double
16  Vision.
coadiill B Gaa ¢ pial) )il axe 2 gena () J 2 jae aadiple el Yl gl
Aol Aaad 50 3) ¢ sialdl oA ) cda gl adle b puad Jalaiall AdlS
Feeling sick, muscle weakness when exertion, unstable walking, shortness
of breath, changes in facial features, eyelid dropping, double vision, heavy
17 mucus.
el A Gaa o pial) )il axe 2 gena () J 2 jae aadiple el Yl gl
Aol ) 533 60 siall ela ) cda o)) madle (& s cdalaall A5
Feeling sick, muscle weakness when exertion, chest pain, shortness of

breath, eyelid dropping, double vision.

18 i il 3 i all oY1 s sl 03 3y 1 ple and colio Yoy
Ay N &l 5331 ¢y séal
Feeling sick, muscle weakness when exertion, eyelid dropping, double

19  Vision.

Aol Al ) estall il sean (5l JN 2 ma wady ale i cele YU ) e
Muscle weakness when exertion, weakness of upper limbs, eyelid dropping,
o0  Chest pain.
oaall 8 YT siall el ) ey shedl (il Y a0 seae 5 J 3y 25 ale Gl
Muscle weakness when exertion, insomnia, weakness of lower limbs,

unstable walking, weakness of upper limbs, eyelid dropping, double vision.

2Ll e i) G Can el 2 seme s) U3 3 et ay e el
ER ERSIRN NIPECHE TS PR
Feeling sick, muscle weakness when exertion, weakness of upper limbs,
shortness of breath, headache, heavy mucus, changes in facial features,
change in voice, difficulties with swallow, difficulties with speech.
22

cu.mﬂ\‘fé:\mc@#\u\ﬁ‘}f\uﬂ’cjﬁn@\dmaﬂgﬁjebuﬂc;@yu)ﬂ
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23

24

25

26

27

28

Feeling sick, muscle weakness when exertion, weakness of lower limbs,
unstable walking, weakness of upper limbs, changes in facial features,
eyelid dropping, double vision, change in voice, difficulties with speech.
Dl axe dglind) Cal JhY) el gema ol JN 2 jma dadipple Cand ele Y e
S gyl A 530 ey siadl LAt ) cdan sl adla s ey slall il BT G ¢ il
AN A s o gaall
Feeling sick, muscle weakness when exertion, weakness of lower limbs,
weakness of upper limbs, change in voice, headache, change in voice,
difficulties with swallow.
ol ol daliall Cal lY) ol caseae (gl JY 3 jmer by ple can celie Y Hsaid
A D raa (gl yi g laa @y slall
Muscle weakness when exertion, paralysis of the lower limbs, changes in
facial features, eyelid dropping, difficulties with speech, chest pain.
e ) da gl madle 8y dgliadl Cal LY LS 0 seaa s J3 2 g ple
ol g 2YT SN 4 sraa ¢y sinl)
Muscle weakness when exertion, weakness of lower limbs, unstable
walking, weakness of upper limbs, shortness of breath, heavy mucus,
headache, changes in facial features, eyelid dropping, double vision, change
in voice, difficulties with swallow, difficulties with speech.
Gyl Gt el ) il aae i) il Y1 Cand 63 seae s J3 3 yaay 2 g ale
Al 52 ) e siad) oA )l cda gl madle b s cdaliall BUS g laia ¢l 8 (G ¢y slall
A pra alll A gria (gl i gyl
Feeling sick, changes in facial features, change in voice, difficulties with
swallow, difficulties with speech.
POSN A ra il 4 pria D gall S cdn l) maBle (8 paad celie YL ) g
Feeling sick, muscle weakness when exertion, insomnia, weakness of lower
limbs, unstable walking, weakness of upper limbs, shortness of breath,
changes in facial features, eyelid dropping, double vision, change in voice,

difficulties with swallow, difficulties with speech.
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29

30

31

32

33

D)l ade cdalinadl Cal lal) Cunt ¢l ¢3 seae () J 3 yaas wadi s ale cand cele YU 52
Al 9330 ¢ siadl ela ) cdan gl el (b i el A (G oAy slall il ylaY) G o oiall
AU s call & graa o guall yaad dy )l
Feeling sick, weakness of lower limbs, weakness of upper limbs, difficulties
with speech, changes in facial features.
Lsra sl madle (A i dglall Gl RY) Gt Aend) Gl phaY) i sl Yl e
2281
Feeling sick, muscle weakness when exertion, insomnia, weakness of lower
limbs, paralysis of the lower limbs, unstable walking, weakness of upper
limbs, paralysis of the upper limbs, heavy mucus, headache, shortness of
breath, double vision, change in voice, difficulties with swallow, difficulties
with speech.
Jle daliadl Y (Bl asena sl JB ma pady ple ol el e
& Gada g lall Cal LY JLE A sled) il ) st ¢ ol )il aae dglinll Cal LY
IS Ay grm el Ay smam o gl s eyl And 52 ) i) 48U e laa ¢ el
Muscle weakness when exertion, weakness of lower limbs, unstable
walking, weakness of upper limbs, changes in facial features, change in
voice, difficulties with swallow, difficulties with speech, chest pain.
Gl ylal ) Gt el ) il aae i) il Y1 Cand 63 sgae s J 3 yaay 2 g ale
el 8 T (S 4 pram ol A pra o paall i dn sl madho 3yt sl
Muscle weakness when exertion, weakness of lower limbs, unstable
walking, weakness of upper limbs, changes in facial features, eyelid
dropping, double vision, change in voice, difficulties with swallow,
difficulties with speech.
il el can ¢ il ) il axe cAglind) ol h ) Cant 0 seaa g1 2 2 e 1 g ale s
) g pram ol s eyl A 5331 e sl olai ) cdn sl el (b iy slal
‘e)ﬁ\ 4 s0a
Feeling sick, muscle weakness when exertion, weakness of lower limbs,
paralysis of the lower limbs, unstable walking, weakness of upper limbs,

paralysis of the upper limbs, changes in facial features, eyelid dropping,
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Symptoms (English and Arabic)

double vision, change in voice, difficulties with swallow, difficulties with

speech.

ol JLa Al Cal ol Gt casena (5 N 2 pmer by ple i cele YU ) sad

& oBd cg e dgslall Cal R LS glall il Y st o ediall ) ) aae Al
AN A a4 graa (i geall i Al Apad 5051 ¢ siad) olAS )] cda sl el

Muscle weakness when exertion, shortness of breath.

34 o) (8 Baca 3 sena (5 N 2 e 2ab g ale
Feeling sick, muscle weakness when exertion, weakness of lower limbs,
unstable walking, weakness of upper limbs, eyelid dropping, double vision.

35

D)) axe i) Cal LYY e sena (s JY aa iy ale Gt el YU e
Al Aanl 5331 ey sanll oLa3 ) iy slell il LY Sl

Weakness of lower limbs, unstable walking, weakness of upper limbs,

36  change in voice, chest pain.

ol 8 VT o gaall i iy slall Cal Y G ol ) il axe dlind) Gl LY Cand

The results of evaluating the diagnosing process are shown in Table (6.2).

Table (6.2): Results of test cases that are entered to the Diagnosing module.

Case No. System Result ‘
1 Diagnosed to have Myasthenia Gravis disease.
2 Diagnosed to have Myasthenia Gravis disease.
3 Diagnosed not to have Myasthenia Gravis disease.
4 Diagnosed to have Myasthenia Gravis disease.
5 Diagnosed not to have Myasthenia Gravis disease.
6 Diagnosed to have Myasthenia Gravis disease.
7 Diagnosed to have Myasthenia Gravis disease.
8 Diagnosed to have Myasthenia Gravis disease.
9 Diagnosed not to have Myasthenia Gravis disease.
10 Diagnosed to have Myasthenia Gravis disease.
11 Diagnosed to have Myasthenia Gravis disease.
12 Diagnosed to have Myasthenia Gravis disease.

SR fyl_llsl
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13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

Diagnosed to have Myasthenia Gravis disease.
Diagnosed to have Myasthenia Gravis disease.
Diagnosed to have Myasthenia Gravis disease.
Diagnosed to have Myasthenia Gravis disease.
Diagnosed to have Myasthenia Gravis disease.
Diagnosed to have Myasthenia Gravis disease.
Diagnosed to have Myasthenia Gravis disease.
Diagnosed to have Myasthenia Gravis disease.
Diagnosed to have Myasthenia Gravis disease.
Diagnosed to have Myasthenia Gravis disease.
Diagnosed to have Myasthenia Gravis disease.
Diagnosed to have Myasthenia Gravis disease.
Diagnosed to have Myasthenia Gravis disease.

Diagnosed to have Myasthenia Gravis disease.

Diagnosed not to have Myasthenia Gravis disease.

Diagnosed to have Myasthenia Gravis disease.
Diagnosed to have Myasthenia Gravis disease.
Diagnosed to have Myasthenia Gravis disease.
Diagnosed to have Myasthenia Gravis disease.
Diagnosed to have Myasthenia Gravis disease.

Diagnosed to have Myasthenia Gravis disease.

Diagnosed not to have Myasthenia Gravis disease.

Diagnosed to have Myasthenia Gravis disease.

Diagnosed to have Myasthenia Gravis disease.

Based on these results, it is clear that the system was able to diagnose 31 patients

correctly out of 36 patients, and failed to diagnose 5 patients (the cases 3, 5, 9, 27 and

34).

Therefore, the system achieved a rate of accuracy in diagnosing the Myasthenia

Gravis disease of 86.11%.
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6.2.2 The accuracy of the Recommendation Treatments by the System

This is the second part of the preliminary evaluation process, we reviewed the
recommended treatments by an expert in Brian and Neurology through comparing his
recommended treatments of patient with the recommended treatments of the doctor
who treated this patient and with the recommended treatments of the system.

The first step of the method of calculating the degree of accuracy by the expert is
as follows: every recommendation which the expert recommends exists in the system's
recommendations take full accuracy ratio from the total of recommendations, and vice
versa, if it does not exist in the system's recommendations takes zero accuracy from
the total of recommendations. For example, if the expert recommends 4 a treatment
recommendations, every recommendation takes 25% of the total ratio. That means, if
the system recommends 3 a treatment recommendations from the previous 4, it will

achieve accuracy of 75%.

The second step, every wrong recommendation of the system that may be harmful
to the patient will decrease the total accuracy ratio of the recommendations. For
example, if the system recommends 5 treatment recommendations, 4 of them are
correct and the fifth one may be harmful to the patients, the accuracy of the treatment
recommendations is 75%. The same method applies to the prescriptions too.

This part of the preliminary evaluation includes a 24 real patients who are
diagnosed for the Myasthenia Gravis disease and taking drugs and treatments
according to their doctors' prescriptions. The test cases and their symptoms in this part
of the preliminary evaluation which are given to the human expert shown in Table
(6.3).
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Table (6.3): Test cases with their symptoms that are reviewed by the human expert.

P0OO1

P002

P004

P005

P006

P008

Eyelid dropping
Weakness of lower limbs
Weakness of upper limbs
Muscle weakness when
exertion

Feeling sick

Difficulties with swallow
Insomnia

Shortness of breath
Muscle weakness when
exertion

Weakness of lower limbs
Changes in facial features
Difficulties with speech
Muscle weakness when
exertion

Weakness of upper limbs
Shortness of breath
Change in voice
Difficulties with swallow
Eyelid dropping

Eyelid dropping

Muscle weakness when
exertion

Difficulties with swallow
Difficulties with speech
Paralysis of the lower limbs
Unstable walking
Change in voice
Insomnia

Weakness of lower limbs
Paralysis of the upper limbs
Weakness of upper limbs
Muscle weakness when
exertion

Weakness of upper limbs
Unstable walking
Difficulties with speech
Weakness of lower limbs
Changes in facial features
Feeling sick

Double vision
Difficulties with swallow
Insomnia

Shortness of breath
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P009

P010

P0O11

P012

P013

Muscle weakness when
exertion

Weakness of lower limbs
Weakness of lower limbs
Changes in facial features
Eyelid dropping
Difficulties with swallow
Feeling sick

Unstable walking
Difficulties with speech
Shortness of breath
Change in voice
Weakness of lower limbs
Eyelid dropping

Muscle weakness when
exertion

Difficulties with swallow
Difficulties with speech
Double vision

Eyelid dropping

Change in voice

Double vision
Difficulties with swallow
Insomnia

Feeling sick

Feeling sick

Insomnia

Changes in facial features
Difficulties with swallow
Muscle weakness when
exertion

Difficulties with speech
Double vision

Insomnia

Shortness of breath
Change in voice
Weakness of lower limbs
Weakness of upper limbs
Changes in facial features
Muscle weakness when
exertion

Difficulties with swallow
Feeling sick

Eyelid dropping
Unstable walking
Difficulties with speech
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PO16

P017

P018

P019

P20

P21

Insomnia

Eyelid dropping

Heavy mucus

Double vision

Feeling sick

Heavy mucus

Change in voice
Shortness of breath
Muscle weakness when
exertion

Difficulties with swallow
Weakness of lower limbs
Paralysis of the upper limbs
Changes in facial features
Difficulties with speech
Weakness of upper limbs
Muscle weakness when
exertion

Unstable walking
Difficulties with speech
Weakness of lower limbs
Weakness of upper limbs
Heavy mucus

Eyelid dropping

Changes in facial features
Shortness of breath
Double vision
Difficulties with swallow
Change in voice

Changes in facial features
Double vision

Unstable walking

Eyelid dropping

Heavy mucus

Muscle weakness when
exertion

Shortness of breath
Feeling sick

Double vision

Eyelid dropping

Muscle weakness when
exertion

Shortness of breath
Feeling sick

Feeling sick
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P22

P023

P024

P25

P026

Muscle weakness when
exertion

Changes in facial features
Eyelid dropping

Muscle weakness when
exertion

Weakness of lower limbs
Insomnia

Weakness of upper limbs
Double vision

Unstable walking
Difficulties with speech
Weakness of upper limbs
Headache

Heavy mucus

Changes in facial features
Change in voice
Shortness of breath
Difficulties with swallow
Muscle weakness when
exertion

Feeling sick

Changes in facial features
Feeling sick

Difficulties with speech
Weakness of upper limbs
Double vision

Unstable walking

Muscle weakness when
exertion

Eyelid dropping
Weakness of lower limbs
Change in voice
Difficulties with swallow
Change in voice

Muscle weakness when
exertion

Feeling sick

Difficulties with speech
Weakness of lower limbs
Weakness of upper limbs
Headache

Muscle weakness when
exertion

Eyelid dropping

Changes in facial features
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ol Lalu Zyl_ﬂbl

Case No Symptoms in English

Difficulties with speech

Symptoms in Arabic

Paralysis of the lower limbs

Difficulties with swallow
Double vision

Muscle weakness when
exertion

Unstable walking
Difficulties with speech
Weakness of lower limbs
Eyelid dropping

Heavy mucus

Shortness of breath
Changes in facial features
Headache

Change in voice

Change in voice
Difficulties with swallow
Changes in facial features
Difficulties with speech

P028

P029
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The patients' prescriptions, human expert evaluation of the patients' prescriptions,

system treatment recommendations and human expert evaluation of these

recommendation are shown in Table (6.4).

Table (6.4): The expert evaluation of the prescriptions and system recommendations.

Prescription

Accuracy
Prescription
Evaluation

Mestinon 60mg 6H
Imuran 50mg 12H
Prednisolone 10mg 8H
Removal of thymus gland

P001 (in Arabic " saxl) &) ) 80%
A gl °
¢ Vitamins and supplements
(in Arabic " <lislis .
e ")
115

System Treatments
Recommendation

Mestinon 60mg 6H

Accuracy
System
Evaluation

Pyridostigmine 60mg 6H
Removal of thymus gland

(in Arabic " s2all 41 ))

A salI")

80%

Plasmapheresis and V1 (in
Arabic "Ll Jue )
Vitamins and supplements
(in Arabic " <ilislis

S j")
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P002

Prescription

e Mestinon 60mg 12H

e [Imuran 50mg 12H

¢ Removal of thymus gland
(in Arabic " saal) &) )
G pa)ElIM

¢ Vitamins and supplements
(in Arabic " «ilislis
CleSa 5™

Accuracy
Prescription
Evaluation

60%

System Treatments
Recommendation

Imuran 100mg 12H
Mestinon 60mg 6H
Pyridostigmine 60mg 6H
Prednisolone 10mg 24H
Solupred 10mg 24H
Removal of thymus gland
(in Arabic " saall 41 )

s 5aA)

Plasmapheresis and IV1 (in
Arabic "L Sl Jae")
Vitamins and supplements
(in Arabic " «ililis

GleSa g

Accuracy
System
Evaluation

80%

P004

e |muran 50mg 12H

e Mestinon 60mg 8H

e Cortisone 25mg 24H

o Removal of thymus gland
(in Arabic " saxl) &) )
@uﬂm\")

25%

Imuran 50mg 12H
Mestinon 60mg 6H
Pyridostigmine 60mg 6H
Prednisolone 10mg 24H
Removal of thymus gland
(in Arabic " saxl) &) )
Lo 5a A1)
Plasmapheresis and V1 (in
Arabic "L 34l due ")
Vitamins and supplements
(in Arabic " <lilis
SlaSa 5™

100%

PO05

e Mestinon 60mg 8H

0%

Imuran 50mg 12H
Mestinon 60mg 6H
Pyridostigmine 60mg 6H
Solupred 20mg 24H
Removal of thymus gland
(in Arabic " saal) &) )
@ﬂm\")
Plasmapheresis and V1 (in
Arabic "L 330l Juat ™)
Vitamins and supplements
(in Arabic " <lislis
GleSa 5™)

75%
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PO06

PO08

PO09

Prescription

Accuracy
Prescription
Evaluation

Imuran 50mg 12H
Mestinon 60mg 3H
Vitamins and supplements
(in Arabic " <lislis
GleSa g

33%

Imuran 50mg 12H

Mestinon 60mg 12H

Removal of thymus gland

(in Arabic " saall 41 )

4 saAlI)

Vitamins and supplements

(in Arabic " clislig 75%
CleSa 5™)

Mestinon 60mg 3H
Removal of thymus gland
(in Arabic " saxl) &) )
@uﬂm\")

25%

System Treatments
Recommendation

Accuracy
System
Evaluation

Imuran 50mg 12H
Mestinon 60mg 6H
Pyridostigmine 60mg 6H
Prednisolone 10mg 24H
Removal of thymus gland
(in Arabic " saall 41 )
A sallI") 33%
Plasmapheresis and IV1 (in
Arabic "L 30l e )
Vitamins and supplements
(in Arabic " <ililis
SleSa 5™)

Imuran 50mg 12H
Mestinon 60mg 6H
Pyridostigmine 60mg 6H
Prednisolone 10mg 24H
Removal of thymus gland
(in Arabic " saall &1 )
s a1 5%
Plasmapheresis and IV1 (in
Arabic "L Sl Juse ™)
Vitamins and supplements
(in Arabic " <lislis
S 5

Imuran 50mg 12H
Mestinon 60mg 6H
Pyridostigmine 60mg 6H
Prednisolone 10mg 24H
Removal of thymus gland
(in Arabic " s2al 41 ))
dms 54207 75%
Plasmapheresis and IV1 (in
Arabic "L 34l due ")
Vitamins and supplements
(in Arabic " <lislis
COSa 5™
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PO10

Prescription

e Mestinon 60mg 12H

e Prednisolone 5mg 12H

e Imuran 50mg 12H

o Removal of thymus gland
(in Arabic " saall 41 )
L 5adall")

¢ Vitamins and supplements
(in Arabic " <lislis
GleSa g

Accuracy
Prescription
Evaluation

60%

System Treatments
Recommendation

Imuran 50mg 12H
Mestinon 60mg 12H
Solupred 20mg 24H
Cellcept 1000mg 12h
Removal of thymus gland
(in Arabic " saal) ) )
Zﬂuﬂmt")

Plasmapheresis and IV1 (in
Arabic "L Sl Jae ")
Vitamins and supplements
(in Arabic " <lilis
S 5

Accuracy
System
Evaluation

100%

PO11

e Solupred 20mg 24H

e Mestinon 60mg 6H

¢ Removal of thymus gland
(in Arabic " saxl) &) )
L A1)

25%

Mestinon 60mg 6H
Pyridostigmine 60mg 6H
Removal of thymus gland
(in Arabic " saxl) &) )

A ga)ElIM

Plasmapheresis and V1 (in
Arabic "L 34l due ")
Vitamins and supplements
(in Arabic " <lilis

GlaSa 5™)

75%

PO12

e Mestinon 60mg 4H
e Solupred 5mg 12H
e Imuran 50mg 8H

33%

Imuran 50mg 12H
Mestinon 60mg 6H
Pyridostigmine 60mg 6H
Prednisolone 20mg 24H
Solupred 20mg 24H
Removal of thymus gland
(in Arabic " saxdl 41 5l
L g1

Plasmapheresis and IV1 (in
Arabic "L Sl Juse ™)
Vitamins and supplements
(in Arabic " «ilislis
G3leSa g

33%
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Prescription

Accuracy
Prescription
Evaluation

System Treatments
Recommendation

Accuracy
System
Evaluation

PO13

POl6 °

P0O17 °

PO18

Ol Ll Zyl_ﬂbl

¢ Removal of thymus gland

(in Arabic " <lilis

GleSa g

Removal of thymus gland
(in Arabic " saxl) &) )

L 1)

Plasmapheresis and V1 (in
Arabic "L 320l Juae ™)
Mestinon 60mg 6H

75%

Prednisolone 10mg 24H
Mestinon 60mg 12H
Plasmapheresis and IV1 (in
Arabic "L 3l Jue ™)
Imuran 50mg 12H
Removal of thymus gland
(in Arabic " saxll ) )

s 51"

80%

Removal of thymus gland
(in Arabic " s2al 411 ))

L A1)

Mestinon 60mg 12H
Imuran 100mg 12H
Plasmapheresis and V1 (in
Arabic "l 30l dae )
Prednisolone 10mg 24H

60%

Imuran 100mg 12H
Plasmapheresis and V1 (in

Arabic "l 30l dae ) S0%
0

(in Arabic " saxl) &) )
L 5011

119

Imuran 50mg 12H
Mestinon 60mg 6H
Solupred 20mg 24H
Removal of thymus gland
(in Arabic " saxll ) )
Lo galAlI™)
Plasmapheresis and IV1 (in
Arabic "L 324l dus ")

75%

Mestinon 60mg 6H
Pyridostigmine 60mg 6H
Solupred 20mg 24H
Removal of thymus gland
(in Arabic " saxl) &) )

s 5aA)

Plasmapheresis and IV1 (in
Arabic "L Sl Jae ")
Vitamins and supplements
(in Arabic " <lislis
GBS 5™)

80%

Imuran 50mg 12H
Mestinon 60mg 6H
Prednisolone 10mg 24H
Removal of thymus gland
(in Arabic " saal) &) )
I«.wmﬂml")
Plasmapheresis and V1 (in
Arabic "Ll Jue )
Vitamins and supplements
(in Arabic " <ilislis
S3laSa 5™)

100%

Imuran 50mg 12H
Mestinon 60mg 6H
Pyridostigmine 60mg 6H
Prednisolone 20mg 24H
Solupred 20mg 24H
Cellcept 1000mg 12h

100%
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Prescription

Accuracy
Prescription
Evaluation

System Treatments
Recommendation

Accuracy
System
Evaluation

PO19

P20

P21

Solupred 20mg 24H

Plasmapheresis and VI (in
Arabic "L 320l Juae ™)
Mestinon 300mg 5H
Imuran 100mg 12H

25%

Plasmapheresis and IV1 (in

Arabic "Ll Jae ")

Solupred 20mg 24H

cellcept 1000mg 12h

Mestinon 60mg 6H

Removal of thymus gland 80%
(in Arabic " saall 41 )

L 1)

Removal of thymus gland

(in Arabic " saall 41 )

Hgas 51"

Mestinon 180mg 8H 50%
Imuran 200mg 12H

Plasmapheresis and IV (in

Arabic "l Sl Juse ™)

(in Arabic " saall 41 3l
L s
Plasmapheresis and IV1 (in
Arabic "L Sl Je ")
Vitamins and supplements
(in Arabic " <ililis
a5
Imuran 50mg 12H
Mestinon 60mg 6H
Prednisolone 20mg 24H
Pyridostigmine 60mg 6H
Solupred 20mg 24H
cellcept 1000mg 12h 75%
Removal of thymus gland
(in Arabic " saxl) &) )
ﬁuﬂm‘")
Plasmapheresis and V1 (in
Arabic "Ll Jue )

Mestinon 60mg 6H

Pyridostigmine 60mg 6H

Removal of thymus gland

(in Arabic " saall 41 )

s 5A)

Plasmapheresis and IVI (in ~ 60%
Arabic "L Sl Jae ")

Vitamins and supplements

(in Arabic " <lislis

G3leSa )

Mestinon 60mg 6H

Pyridostigmine 60mg 6H

Removal of thymus gland

(in Arabic " saal) &) ) 75%
Z\éuﬂlfdl")

Plasmapheresis and IV1 (in

Arabic "L 33 due ")
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Prescription

Accuracy
Prescription
Evaluation

System Treatments
Recommendation

Accuracy
System
Evaluation

(in Arabic " <lislis
&\l S jll)

P023

o Plasmapheresis and IV1 (in

Arabic "Ll Jue™)
o Removal of thymus gland
(in Arabic " saall 41 )
L 5adAll")
Mestinon 60mg 8H

40%

Imuran 50mg 12H
Mestinon 60mg 6H
Pyridostigmine 60mg 6H
Prednisolone 10mg 24H
Removal of thymus gland
(in Arabic " saall 41 )
a1

Plasmapheresis and IV1 (in
Arabic "Ll Juse ™)
Vitamins and supplements
(in Arabic " «ililis
S 5

100%

P024

Prednisolone 15mg 24H
Imuran 100mg 12H
Mestinon 60mg 6H

67%

Imuran 50mg 12H
Mestinon 60mg 6H
Prednisolone 20mg 24H
Solupred 20mg 24H
Removal of thymus gland
(in Arabic " saxl) &) )
@ﬂml")

Plasmapheresis and IV1 (in
Arabic "L 33l dus ")
Vitamins and supplements
(in Arabic " <ilislis
COlSa 5™

33%

P25

e |Imuran 50mg 12H
o Prednisolone 10mg 24H
e Mestinon 60mg 8H

67%

Imuran 50mg 12H
Mestinon 60mg 6H
Pyridostigmine 60mg 6H
Prednisolone 10mg 24H
Removal of thymus gland
(in Arabic " saxdl 41 5l

Lo s ™)

Plasmapheresis and IV1 (in
Arabic "L 330l Juae ")

33%
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System Treatments
Recommendation

Prescription

Accuracy
Prescription
Evaluation
Accuracy
System
Evaluation

¢ Vitamins and supplements
(in Arabic " <lislis
a\n S Jll)

e Mestinon 60mg 6H e Imuran 50mg 12H

e Mestinon 60mg 6H

¢ Prednisolone 10mg 24H

¢ Removal of thymus gland
(in Arabic " saall 41 )

P028 33% A sallI") 33%

o Plasmapheresis and IVI (in
Arabic "L 30l e )

¢ Vitamins and supplements
(in Arabic " <ililis

G3laSa ™)
e [Imuran 50mg 8H e Imuran 50mg 12H
o Cortisone 25mg 24H e Mestinon 60mg 6H
o Plasmapheresis and IV1 (in e Prednisolone 10mg 24H
Arabic "l 330l dae ) e Removal of thymus gland
(in Arabic " saall 41 ))
P029 40% s 53N 100%

o Plasmapheresis and IV1 (in
Arabic "Ll due ")

¢ Vitamins and supplements
(in Arabic " lislis
a5

The treatment recommendations of the human expert of each case that are shown
in Table (6.4) are shown in Table (6.5).
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Table (6.5): The treatments recommendations of the human expert.

Case No Expert Treatment Recommendation

P001

P002

P004

P005

P006

P008

P009

oL fyl_llsl

Mestinon 60mg 6H

Removal of thymus gland (in Arabic " sl 4 )
Ao galElI)

Plasmapheresis and IV1 (in Arabic "L 33 Jae™)
Imuran 50mg 12H

Vitamins and supplements (in Arabic " <lislis
CleSa 5™

Imuran 50mg 12H

Mestinon 60mg 6H

Removal of thymus gland (in Arabic " sl &) )
Plasmapheresis and VI (in Arabic "L Jawe™)
Vitamins and supplements (in Arabic " <lislis
G3leSa g

Imuran 50mg 12H

Mestinon 60mg 6H

Prednisolone 10mg 24H

Removal of thymus gland (in Arabic " saxll 4l )
L sa ")

Plasmapheresis and IV (in Arabic "L 33 Jae™)

Imuran 50mg 12H

Mestinon 60mg 6H

Removal of thymus gland (in Arabic " sas11 &) 3|
G pa)ElIM)

Plasmapheresis and IVI (in Arabic "L 3l Jaue™)
Imuran 50mg 12H

Mestinon 60mg 6H

Prednisolone

10mg 24H

Imuran 50mg 12H

Mestinon 60mg 6H

Removal of thymus gland (in Arabic " sl &) )
L 5aAI)

Plasmapheresis and IV1 (in Arabic "L 3 Jae™)
Imuran 50mg 12H

Mestinon 60mg 6H

Removal of thymus gland (in Arabic " saxll 4l )
L gAY

Plasmapheresis and IV1 (in Arabic "L 33 Jae™)
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Case No Expert Treatment Recommendation

P010

PO11

P0O12

P0O13

P0O16

P0O17

P018

P019

Ol LaCN Zyl_ﬂbl

Imuran 50mg 12H
Mestinon 60mg 12H

e Solupred 20mg 24H
¢ Removal of thymus gland (in Arabic " saxll 41 )

A sallI™)

Plasmapheresis and V1 (in Arabic "L 3 Jue™)
Imuran 50mg 12H

Mestinon 60mg 6H

Removal of thymus gland (in Arabic " saxll &) ))
A pa)ElIM)

Plasmapheresis and VI (in Arabic "L 3 Jue™)
Imuran 50mg 12H

Mestinon 60mg 6H

Solupred 20mg 24H

Imuran 50mg 12H

Mestinon 60mg 6H

Removal of thymus gland (in Arabic " saxll &) ))
L sa )

Plasmapheresis and VI (in Arabic "L 3 Jue™)
Imuran 50mg 12H

Mestinon 60mg 6H

Solupred 20mg 24H

Removal of thymus gland (in Arabic " saxll &) ))
Lo g™

Plasmapheresis and V1 (in Arabic "L Jawe™)
Imuran 50mg 12H

Mestinon 60mg 6H

Prednisolone 10mg 24H

Removal of thymus gland (in Arabic " saxll 411 ;)
Lo 51"

Plasmapheresis and V1 (in Arabic "L 3l Jase ™)

Imuran 50mg 12H

Mestinon 60mg 6H

Solupred 20mg 24H

Removal of thymus gland (in Arabic " saxll 41 3l
a5l

Plasmapheresis and IV (in Arabic "L 3 dae™)
Imuran 50mg 12H

Mestinon 60mg 6H

Removal of thymus gland (in Arabic " saxll 4l )
A a1
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Case No Expert Treatment Recommendation

o Plasmapheresis and V1 (in Arabic "L 3l Jaue™)
e |Imuran 50mg 12H
e Mestinon 60mg 6H
e Solupred 20mg 24H
e Removal of thymus gland (in Arabic " saxll 41 )
aﬁuﬂml")
o Plasmapheresis and VI (in Arabic "L 3 Jae™)
e |muran 50mg 12H
e Mestinon 60mg 6H
P21 e Removal of thymus gland (in Arabic " 3xll 4l )
@Hﬁdl")
e Plasmapheresis and V1 (in Arabic "L 3G Juwe™)
e Imuran 50mg 12H
e Mestinon 60mg 6H
e Prednisolone 10mg 24H
e Removal of thymus gland (in Arabic " 3l &) 3
a1
e Plasmapheresis and IV1 (in Arabic "L 33 Jwse)
e [muran 50mg 12H
P024 e Mestinon 60mg 6H
e Solupred 20mg 24H
e Imuran 50mg 12H
P25 e Mestinon 60mg 6H
e Prednisolone 10mg 24H
e Imuran 50mg 12H
P028 e Mestinon 60mg 6H
¢ Prednisolone 10mg 24H
e Imuran 50mg 12H
e Mestinon 60mg 6H
o Prednisolone 10mg 24H
e Removal of thymus gland (in Arabic " 31l &) 3
L g™
e Plasmapheresis and VI (in Arabic "L 3 Jase)

P20

P023

P029

Based on these results, it is clear that the rate of accuracy in the results of the
recommending treatments by the proposed approach is 72% which is better than the

accuracy of the doctors' treatment which is 50%.

www.manharaa.com




6.2.3 The Efficiency of the Diagnosing and Recommending Processes

This is the third part of the preliminary evaluation process. We evaluate the
efficiency of the approach by calculating the speed of the diagnosing process and the
recommending process, then comparing these speeds with the average delay in the
diagnosis of the Myasthenia Gravis patients.

This part of the preliminary evaluation includes a 30 real patients who are
diagnosed for the Myasthenia Gravis disease. We entered the symptoms and calculated
the duration of time that the system took in the diagnosis and recommendation

processes to each patient.

The test cases and their symptoms for this part of the preliminary evaluation that
are entered to the system to calculate the duration of time of the diagnosing and

recommending process are shown in Table (6.6).

Table (6.6): Test cases and their symptoms that are used in calculating the duration
of time of the diagnosing and recommending process.

Symptoms (English and Arabic)

Muscle weakness when exertion, weakness of lower limbs, weakness of
upper limbs, paralysis of the upper limbs, shortness of breath, heavy mucus,
changes in facial features, change in voice, difficulties with swallow,

1 difficulties with speech.
Jli el shall ol plaY) Gt dalindl Gl kY1 Gl e (51 N e aads ple
A graa (gaall it cda gl adle 3y il A8ES ¢ uitill 8 Gaa Ay lall il LY
S N

Muscle weakness when exertion, insomnia, weakness of lower limbs,
unstable walking, weakness of upper limbs, paralysis of the lower limbs,

eyelid dropping, change in voice, difficulties with swallow, difficulties with

speech.

BRE 3J|_t|5|
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Symptoms (English and Arabic)

G ¢ oall )l axe dglind) Cal R a3l 6 seae sl U3 3 jmar i ple s
L graa 1) 4 graa (gl i oo siall olad ) Adandl Gl LY JLE G slall Gl Lyl
A

Feeling sick, weakness of lower limbs, unstable walking, changes in facial
features, eyelid dropping, difficulties with swallow, difficulties with
3 speech, change in voice.
i)l cda gl madle (A i o) )l aae i) Gl plY) Cand ele YU s
Sgeall A il @S A sraa caldl) 4 sraa () 58l
Feeling sick, muscle weakness when exertion, unstable walking, weakness
of upper limbs, changes in facial features, double vision, difficulties with
4 speech.
ol ol Y ol )il ade agene gl JY e wadiy ale i cele Yl e
A A graa iyl Al 53 5) A sl maBla (A s Ay slall
Muscle weakness when exertion, eyelid dropping, double vision.
Al Al 9231 ¢ siall A5 ) 6o sema s Ju 3 s adig ple
Muscle weakness when exertion, insomnia, weakness of lower limbs,
unstable walking, shortness of breath, changes in facial features, eyelid
dropping, double vision, change in voice, chest pain, difficulties with
6 swallow.
G ¢(odiall )il axe Alinll Gl R i o) casena ) J 2 e s ple
$la ) cigaall L sl A3l copsiall olad ) can gl padle b il b
SISN A graa aall BT gyl Al 5350 o séal)
Muscle weakness when exertion, weakness of lower limbs, change in voice,
eyelid dropping, double vision, difficulties with swallow, insomnia, chest
pain, feeling sick.
cOsiall elal ) (gall s dglind) Cal R st seae ol JN 3 jaa 3adg ale s

e Yh Hsnd aall YT 6l caddl 4 graa gl Al 50)

Eyelid dropping, double vision, Muscle weakness when exertion,
difficulties with swallow, chest pain.

BRE 3J|_t|5|
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10

11

12

13

14

15

YT DSl 84 gaia 63 seae (5] J 2 s wadig ple a1 Al 5331 ¢ il £la5 )
oaall b
Feeling sick, insomnia, eyelid dropping, double vision, change in voice,
difficulties with swallow.
L s o gaall s eyl A 52)) e siall A1 (Gl celie Yl ) sad
Feeling sick, muscle weakness when exertion, insomnia, change in voice,
difficulties with swallow, difficulties with speech.
A gmam ool Ay gram o gaall a0 2 s (5 N 2 jmm 22 g ple nd csle YU ) sad
2281
Feeling sick, muscle weakness when exertion, insomnia, weakness of lower
limbs, unstable walking, weakness of upper limbs, shortness of breath,
changes in facial features, eyelid dropping, double vision, change in voice,
difficulties with swallow, difficulties with speech.
i e el ol pla Y <5 2 s 6l J 2 pman 1 s ale Cand sl Yl 2
Al 5031 ey siall ela ) cda sl adla (& s il 8 i oAy slall Cal Y1 Cand il
SN A a4 sra i guall it g )
Muscle weakness when exertion, weakness of lower limbs, shortness of
breath, eyelid dropping, double vision, change in voice, difficulties with
swallow, chest pain.
(Osiall el ) (i) 8 (Gada dgliall il Y Card 0 seae ) J 2 215 ale s
el 8 T (Gl el g pram ot suall ks ey Sl Ayl 33|
Insomnia, heavy mucus, eyelid dropping, double vision, feeling sick.
Lo h s sl Al g3 3) e siadl £la3 ) i) A4S (3 f
Feeling sick, muscle weakness when exertion, unstable walking, shortness
of breath, heavy mucus, changes in facial features, eyelid dropping, double
vision.
el A Gaa ¢ il )il ade 02 gena (gl JN 2 jma 2adigple Gl csle YU ) el
Ayl Aaad 50 3) ¢ siall el ) cda o)) madle i paad dalaall AdlS
Muscle weakness when exertion, weakness of lower limbs, unstable

walking, weakness of upper limbs, shortness of breath, heavy mucus,
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Symptoms (English and Arabic)

changes in facial features, eyelid dropping, double vision, change in voice,
difficulties with swallow, difficulties with speech.
Gl a1 s il ) sl ane dglind) il HlaY1 Cant 0 seae (5 J2 3 jaay 20 g ale
Ayl daal 5331 ¢ siall a5 ) cdn sl adle 8 s calaall AGUS (i) L (Gra ¢y slal)
AN A e ) 4 raa (D guall s
Muscle weakness when exertion, weakness of upper limbs, shortness of
breath, changes in facial features, eyelid dropping, change in voice,
16  difficulties with swallow, difficulties with speech, chest pain.
e (8 s cudiil) 8 (Gaa ¢y slal) Cal LY (a3 e (5] J 3 s pad s ale caad
odall g 2T IS A srac calill Ay gaam o gl i oy siall A ) can sl
Feeling sick, muscle weakness when exertion, unstable walking, shortness
of breath, heavy mucus, changes in facial features, eyelid dropping, double
17  Vision, chest pain.
codiil) 8 Baca ¢ ol ) Rl ade 03 seae 51 JN 2 jme aadg ale aad ele YU g
vl 8 YT s )l Aal a3l o siall el ) cda sl madle 3 pad cdalaal) 48l
Feeling sick, muscle weakness when exertion, eyelid dropping, double
18  Vision.
Al a5 e stall ola3 ) (ol Jb 2 jae 22y ale ol sl Yl ) said
Feeling sick, muscle weakness when exertion, eyelid dropping, double

vision, weakness of upper limbs.

19 0 Bl siadl o83 e me sl U3 2y 338 oot celie Yl pud
A glad) Cal Y
Muscle weakness when exertion, eyelid dropping, chest pain.

20 oaall a1 siall ela ) 6o sema 5l J 2 s madi g ale s
Muscle weakness when exertion, insomnia, weakness of lower limbs,
unstable walking, weakness of upper limbs, eyelid dropping, double vision.

21

[E=t ui s‘;ﬁyd\ )il aac daaland) c_'e\)}aiy\ =l céj s{,wg;i dJ.lJJM.} .\:\J..i_,e\.c =l
Al Aua g3 30 e saadl ola5 ) Ay glall ol Y

BRE 3J|_t|5|
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22

23

24

25

26

27

Feeling sick, muscle weakness when exertion, weakness of upper limbs,
shortness of breath, headache, heavy mucus, changes in facial features,
change in voice, difficulties with swallow, difficulties with speech.
coiil) & Baca oy lall il laY) Cand 2 seae sl J0 2 jaar aadigale cand cele YU sad
U VPYURPPAT - VY TURPILIPON RVES PPV P ARV IS A EOA 1Y RYON
Feeling sick, muscle weakness when exertion, weakness of lower limbs,
unstable walking, weakness of upper limbs, changes in facial features,
eyelid dropping, double vision, change in voice, difficulties with speech.
D)) pae i) Cal Y1 Cant 3 gema (s Ju 3 e dadig ale i ele YU i
o gl daal ga)) 0sind) olad ) can sl madle (B i ey slall Gl RY) o ol
A A sria (D aall
Feeling sick, muscle weakness when exertion, weakness of lower limbs,
weakness of upper limbs, headache, change in voice, difficulties with
swallow.
Y o Alan) Cal plaY) Cand  seme (o J0 3 jma 2adig ale cand el YU ) sad
A A pran (i guall i e laa dyslal
Muscle weakness when exertion, paralysis of the lower limbs, changes in
facial features, eyelid dropping, difficulties with speech, chest pain,
headache, heavy mucus.
a1 e sl madle 8 ad dliad) Cal R JLE 3 seae gl J3 2 s pad s ale Cand
JoLaall A8 g laa ¢ yaall 8 oY1 oSS Ay graa o) sial
Muscle weakness when exertion, weakness of lower limbs, unstable
walking, weakness of upper limbs, shortness of breath, changes in facial
features, eyelid dropping, double vision, change in voice, difficulties with
swallow, difficulties with speech.
ol Cand el ) il axe dglind) Cal HhY) 63 seae 5 J 2 yaas 1l g ale Can
(gl it iy Sl A 5330 € sl £1a3 5] cam gl zmadha b kel b Gaaia sl
-(‘M‘ 4 sa ‘QM‘ 3 pra
Feeling sick, changes in facial features, change in voice, difficulties with

swallow, difficulties with speech, eyelid dropping.
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33 ) @A dypra o) dysra (Digeall S cdnll madle B s el )l
Osial
Feeling sick, muscle weakness when exertion, insomnia, weakness of lower
limbs, unstable walking, weakness of lo limbs, shortness of breath, changes
in facial features, double vision, change in voice, difficulties with swallow,
og  difficulties with speech.
i e el ol yla ) Cand (3l e2sema (51 J 2 mar 22y dle Cand sl YU ga
353 s Al 533 cAn sl zmadle (g kS euil) (3 o oy slall ol LY Gt ¢ i)
-?M\ 4 ma ‘c—‘:‘” 4 s (i pall
Feeling sick, weakness of lower limbs, weakness of upper limbs, changes
in facial features, difficulties with speech, paralysis of the upper limbs.
Lgma sl madle (B sy slall GlRY) e il LYY nd csle YU ) s
A slall Gl Y LS (a2

Feeling sick, muscle weakness when exertion, insomnia, weakness of lower

29

limbs, paralysis of lower limbs, unstable walking, weakness of upper limbs,

shortness of breath, headache, heavy mucus, double vision, change in voice,
39  difficulties with swallow, difficulties with speech.

JLi Aglandl Cal plY) Cans (31 asgane ol JN 2 mar 2ady ale cand eleYU el

LS (g laa il 8 Gada g shed) Cal Y Cand ¢ il ) ) ade dland) Gl ylaY)

,gﬂ\ 4 gra ccl,d\ L gra (gall it gyl sl g0 ) daldl)
The time that each process took to get the results is shown in Table (6.7).
Table (6.7): The time that each process took to get results.

Duration of time to

Duration of time to diagnose

Case No. . . recommend treatments (in
patient (in seconds)

seconds)
1 0.124827 38.9429
2 0.144264 35.22699
3 0.18531 33.81236
4 0.142659 40.26894
5 0.113682 34.10538
6 0.147086 44.65827
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Duration of time to

Duration of time to diagnose

Case No. . . recommend treatments (in
patient (in seconds)

seconds)
7 0.189906 35.86233
8 0.133464 41.36676
9 0.184659 34.1236
10 0.17549 44.39864
11 0.118726 40.86548
12 0.206102 31.13203
13 0.133219 46.68985
14 0.377146 4495534
15 0.194943 35.25639
16 0.164264 48.13699
17 0.227561 41.35865
18 0.129403 34.12569
19 0.120499 39.04493
20 0.14347 35.25639
21 0.166107 44.01447
22 0.120066 41.67813
23 0.169831 44.12999
24 0.138521 49.45863
25 0.157389 48.06189
26 0.2249 50.35769
27 0.166221 33.11246
28 0.221173 38.76235
29 0.153766 39.02302
30 0.134903 32.41233

Based on the above results, it is clear that the overall time average of diagnosing
the Myasthenia Gravis disease is 0.17 seconds, and the overall time average of

recommending treatments is 40 seconds.

We calculate the average time needed in the traditional diagnosis of these patient
cases by subtracting the year diagnosing of patients for the Myasthenia Gravis disease
from the year of patient infection with the Myasthenia Gravis disease. Based on this

process we get 2.46 years as average time needed in the traditional diagnosing of

patients.
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The time that the doctor takes to diagnose a patient and provide a recommended
treatments using the proposed approach is not comparable with the average of time

needed in the traditional diagnosis of patients.
6.3 Discussion

According to the previous preliminary evaluations, the significant and
effectiveness of the proposed approach in diagnosing the Myasthenia Gravis disease
and providing a recommended treatments are clear. The proposed approach has
achieved an acceptable accuracy and speed compared to traditional diagnosing and
traditional prescriptions, that means, the proposed approach provides to the doctors a
significant contribution in the field of treatments of the Myasthenia Gravis disease.

The accuracy achieved using the system in diagnosing the Myasthenia Gravis
disease is attributed to the small number of the Myasthenia Gravis patients we were
able to reach and ask them to fill the Myasthenia Gravis questionnaire. There a
possibility that this accuracy may decreased if a number of patients is entered to the
system. But increasing the number of patients is likely to increase the accuracy of the
treatments recommendations by the system, because this number will enrich the

knowledge base.
6.4 Summary

We firstly evaluate the accuracy of diagnosing process of the approach by
entering information about a number of patient infected with the Myasthenia Gravis
disease and evaluate the accuracy. Secondly, we evaluate the treatment
recommendations process according to an expert in Brian and Neurology by
comparing his recommended treatments of patient to the recommended treatments of
the doctor who treated this case then with the recommendations of the approach which
recommended to treat the same patient. Finally, we evaluate the efficiency of the
approach by comparing the speed of the processes with the average delay in the

traditional diagnosis of patients.

The approach achieved a rate of accuracy of 86.11% in the results of diagnosing

the Myasthenia Gravis disease. The accuracy in the results of the recommending
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treatments was 72% which is good results compared to the accuracy of the doctors that
treat patients' cases which was 50%. The efficiency of the approach in the diagnosing
process is 0.17 seconds and in the recommending process is 40 in seconds. This time
is not comparable to average of delay in the diagnosis of patients' cases which is around
2.46 years.

We found the results of our approach better than those of the doctors that treat the
patients and achieved more accuracy and efficiency.
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Chapter 7
Conclusions and Future

Work
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In this thesis, we developed an ontology based approach for diagnosing the

Myasthenia Gravis disease and providing treatment recommendations.

Firstly, we presented an overview of the current ontology based approaches that
used to manage patients' information in medicine field for various diseases or specific
diseases and diagnosing systems with and without ontologies. We found that most of
the related works focus on building some general ontologies for several diseases and
not on some specific diseases except on some type of common disease such as cancer
and coronary artery diseases in a general sense. We tried to use the current ontologies
and customize them to suit the Myasthenia Gravis disease but they did not fit because
the Myasthenia Gravis disease has unknown causes. The treatment varies from patient

to patient, and symptoms vary from one patient to another.

Because of that we developed a specific ontological knowledge base for the
Myasthenia Gravis disease to help doctors and patients to diagnose the Myasthenia
Gravis disease and provide recommended treatments. Then we collected information
about the Myasthenia Gravis disease and Myasthenia Gravis patients to enrich the

ontology through a questionnaire.

After that we defined a set of semantic rules to achieve the goals of our approach,
then we developed a prototype that consists several modules such as Querying module,
Reasoning module, Diagnosing module and Recommending Treatments module.

The proposed approach was evaluated firstly for the accuracy of the diagnosing
process through entering information about a number of persons who infected with the
Myasthenia Gravis disease and evaluate the results. Secondly it was evaluated for the
treatment recommendations process according to a human expert in Brian and
Neurology. Finally, the approach was evaluated for the time efficiency by computing

the speed of the processes.

The approach achieved an accuracy of 86.11% in diagnosing the Myasthenia
Gravis disease. It achieved an accuracy of 72% in the results of the recommending
treatments which was a good results compared to the rate of accuracy of the doctors

who treat patients which was 50%. The average of the efficiency of the approach in
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diagnosing process was 0.17 seconds and in the recommending process was 40
seconds. This time is not comparable at all to the average delay in the diagnosis of

patients which is 2.46 years.

The main contribution of this thesis is the ontology and the related knowledge
base which can support the process of diagnosing the Myasthenia Gravis disease,
providing a recommended treatments and providing a recommended habits and
practices that may decrease or increase the impact of the disease, with higher rate of

accuracy and efficiency.

Since only a prototype of the proposed approach was implemented, we
recommend to implement a complete system. Success of our proposed prototype
encourages us to look for ways to increase the scope of this approach to provide a new
effective services for the Myasthenia Gravis patients. In addition, the ontology can be

extended to cover other diseases.

Furthermore, we look forward to increase the accuracy of our proposed approach,
and apply the quality assurance theories to the complete system, then we look forward
to spread our proposed approach and make it available to all doctors and hospitals in

all over the world to decrease the suffering of the Myasthenia Gravis patients.

137

www.manaraa.com



The Reference List

www.manharaa.co



Abidi, S. R. (2007). Ontology-based modeling of breast cancer follow-up clinical
practice guideline for providing clinical decision support. Paper presented at
the Twentieth IEEE International Symposium on Computer-Based Medical
Systems (CBMS'07) (pp. 542-547). IEEE.

Al-Hamadani, B. (2014). CardioOWL: An ontology-driven expert system for
diagnosing coronary artery diseases. Paper presented at the Open Systems
(ICOS), 2014 IEEE Conference on (pp. 128-132). IEEE.

Alfonse, M., Aref, M., & Salem, A. B. (2014). An Ontology-Based System for Cancer
Diseases Knowledge Management. International Journal of Information
Engineering and Electronic Business (IJIEEB), 6(6), 55.

Antoniou, G., & Van Harmelen, F. (2008). A semantic web primer: MIT press.

Apache JENA. (2015, January 01). Apache JENA. Retrieved from
https://jena.apache.org/

Apache JENA. (2016, October 08). Reasoners and rule engines: Jena inference

support. Retrieved from https://jena.apache.org/documentation/inference/

Baraka, R., & Dalloul, Y. (2014). Building hadith ontology to support the authenticity
of isnad. International Journal on Islamic Applications in Computer Science
and Technology (IJASAT), 2(1).

Bayegan, E., Nytrg, @., & Grimsmo, A. (2002). Ontologies for knowledge
representation in a computer-based patient record. Paper presented at the
Tools with Artificial Intelligence, 2002. (ICTAI 2002). Proceedings. 14th
IEEE International Conference on (pp. 114-121). IEEE.

Bechhofer, S. (2009). OWL: Web ontology language. Encyclopedia of Database
Systems (pp. 2008-2009): Springer.

Binfeng, X., Xiaogang, L., Chenglin, P., & Qian, H. (2007). Based on ontology:

Construction and application of medical knowledge base. Paper presented at

139

www.manaraa.com



the Complex Medical Engineering, 2007. CME 2007. IEEE/ICME
International Conference on (pp. 1586-1589). IEEE.

Brank, J., Grobelnik, M., & Mladenic, D. (2005). A survey of ontology evaluation
techniques. Paper presented at the Proceedings of the conference on data
mining and data warehouses (SiKDD 2005) (pp. 166-170).

Conti-Fine, B. M., Milani, M., & Kaminski, H. J. (2006). Myasthenia gravis: past,
present, and future. Journal of Clinical Investigation, 116(11), 2843.

Danchaivijitr, C., & Kennard, C. (2004). Diplopia and eye movement disorders.
Journal of Neurology, Neurosurgery & Psychiatry, 75(suppl 4), iv24-iv31.

De Nicola, A., Missikoff, M., & Navigli, R. (2009). A software engineering approach
to ontology building. Information systems, 34(2), 258-275.

Drachman, D. B. (1981). The biology of myasthenia gravis. Annual review of
neuroscience, 4(1), 195-225.

Dung, T. Q., & Kameyama, W. (2007). A proposal of ontology-based health care
information extraction system: Vnhies. Paper presented at the Research,
Innovation and Vision for the Future, 2007 IEEE International Conference on
(pp. 1-7). IEEE.

Fensel, D. (2001a). Ontologies. Ontologies (pp. 11-18): Springer Berlin Heidelberg.

Fensel, D. (2001b). Ontologies: Dynamic networks of formally represented meaning.

Vrije University: Amsterdam.

Fensel, D., Horrocks, 1., Van Harmelen, F., McGuinness, D., & Patel-Schneider, P. F.
(2001). OIL: Ontology infrastructure to enable the Semantic Web. IEEE
intelligent systems, 16(2), 38-45.

Fernandez-Lopez, M., Gomez-Pérez, A., & Juristo, N. (1997). Methontology: from

ontological art towards ontological engineering.

140

www.manaraa.com



Google Inc. (2016, March 03). Google Forms — Easy to create surveys and forms for

everyone. Retrieved from https://gsuite.google.com/intl/en/products/forms/

Hadzic, M., & Chang, E. (2005). Ontology-based support for human disease study.
Paper presented at the 38th Annual Hawaii International Conference on System
Sciences (pp. 143a-143a). IEEE.

Hadzic, M., Chang, E., Wongthongtham, P., & Meersman, R. (2004). Disease
ontology based grid middleware for human disease research study. Paper
presented at the Industrial Electronics Society, 2004. IECON 2004. 30th
Annual Conference of IEEE (Vol. 1, pp. 480-486). IEEE.

Hall, M. (2001). More servlets and JavaServer pages: Prentice Hall PTR.

Herrmann Jr, C. (1970). Myasthenia gravis and the myasthenic syndrome. California
medicine, 113(3), 27.

Igbal, A. M., Shepherd, M., & Abidi, S. S. R. (2011). An ontology-based electronic
medical record for chronic disease management. Paper presented at the System
Sciences (HICSS), 2011 44th Hawaii International Conference on (pp. 1-10).
IEEE.

Jaretzki, A., Barohn, R. J., Ernstoff, R. M., Kaminski, H. J., Keesey, J. C., Penn, A. S,
& Sanders, D. B. (2000). Myasthenia gravis Recommendations for clinical
research standards. Neurology, 55(1), 16-23.

Jayam Trouth, A., Dabi, A., Solieman, N., Kurukumbi, M., & Kalyanam, J. (2012).

Myasthenia gravis: a review. Autoimmune diseases, 2012.

Kao, A., & Poteet, S. R. (2007). Natural language processing and text mining:
Springer Science & Business Media.

Khreisat, M. H. (2011). Diplopia in zygomatic-complex fracture. Pakistan Oral &
Dental Journal, 31(1).

141

www.manaraa.com



Luculescu, M., & Lache, S. (2008). Computer-aided diagnosis system for retinal
diseases in medical imaging. WSEAS Trans Syst, 7, 264-276.

McGuinness, D. L., & Van Harmelen, F. (2004). OWL web ontology language
overview. W3C recommendation, 10(10), 2004.

Mendonga, R., Rosa, A. F., Oliveira, J. L., & Teixeira, A. (2012). Towards ontology
based health information search in Portuguese—A case study in neurologic
diseases. Paper presented at the Information Systems and Technologies
(CISTI), 2012 7th Iberian Conference on (pp. 1-4). IEEE.

Miyoshi, N. S. B., Ferreira, A. A. P., & Felipe, J. C. (2009). Ontology-based approach
to achieve semantic interoperability on exchanging and integrating
information about the patient clinical evolution. Paper presented at the
Computer-Based Medical Systems, 2009. CBMS 2009. 22nd IEEE
International Symposium on (pp. 1-6). IEEE.

Mohammed, O., Benlamri, R., & Fong, S. (2012). Building a diseases symptoms
ontology for medical diagnosis: an integrative approach. Paper presented at
the First International Conference on Future Generation Communication
Technologies (pp. 104-108). IEEE.

Musen, M. A. (1998). Domain ontologies in software engineering: use of Protege with
the EON architecture. Methods of Information in Medicine-Methodik der
Information in der Medizin, 37(4), 540-550.

Myasthenia Gravis Foundation of America. (2016, May 15). What is Myasthenia
Gravis (MG). Retrieved from http://www.myasthenia.org/WhatisMG.aspx/

Nair, A. G., Patil-Chhablani, P., Venkatramani, D. V., & Gandhi, R. A. (2014). Ocular

myasthenia gravis: A review. Indian journal of ophthalmology, 62(10), 985.

National Institute of Neurological Disorders and Stroke (NINDS). (2016, May 10).
Myasthenia Gravis Fact Sheet. Retrieved from
http://www.ninds.nih.gov/disorders/myasthenia_gravis/myasthenia_gravis.ht

m/

142

www.manaraa.com


http://www.myasthenia.org/WhatisMG.aspx/
http://www.ninds.nih.gov/disorders/myasthenia_gravis/myasthenia_gravis.htm/
http://www.ninds.nih.gov/disorders/myasthenia_gravis/myasthenia_gravis.htm/

National Institutes of Health. (2015, October 10). Myasthenia Gravis. Retrieved from
https://ghr.nlm.nih.gov/condition/myasthenia-gravis/

Noy, N. F., & McGuinness, D. L. (2001). Ontology development 101: A guide to

creating your first ontology.

Ogbuji, C. (2011). A Framework Ontology for Computer-Based Patient Record
Systems. Paper presented at the ICBO.

Oosterhuis, H. (1989). The natural course of myasthenia gravis: a long term follow up

study. Journal of Neurology, Neurosurgery & Psychiatry, 52(10), 1121-1127.

Oracle. (2015, January 01). Learn About Java Technology. Retrieved from
https://www.java.com/en/about/

Oracle. (2016, August 03). JavaServer Pages Technology. Retrieved from

http://www.oracle.com/technetwork/java/javaee/jsp/index.html

Poli, R., Healy, M., & Kameas, A. (2010). Theory and applications of ontology:
Computer applications: Dordrecht: Springer.

Prud’Hommeaux, E., & Seaborne, A. (2008). SPARQL query language for RDF. W3C

recommendation, 15.

Puklin, J., Sacks, J., & Boshes, B. (1976). Transient eyelid retraction in myasthenia
gravis. Journal of Neurology, Neurosurgery & Psychiatry, 39(1), 44-47.

Rawte, V., & Roy, B. (2015). OBESTDD: Ontology Based Expert System for Thyroid
Disease Diagnosis. Paper presented at the Nascent Technologies in the
Engineering Field (ICNTE), 2015 International Conference on (pp. 1-6). IEEE.

Roussey, C., Pinet, F., Kang, M. A., & Corcho, O. (2011). An introduction to
ontologies and ontology engineering. Ontologies in Urban Development

Projects (pp. 9-38): Springer London.

Sathasivam, S. (2014). Diagnosis and management of myasthenia gravis. Progress in
Neurology and Psychiatry, 18(1), 6-14.

143

www.manaraa.com


http://www.java.com/en/about/
http://www.oracle.com/technetwork/java/javaee/jsp/index.html

Scherer, K., Bedlack, R. S., & Simel, D. L. (2005). Does this patient have myasthenia
gravis?. Jama, 293(15), 1906-1914.

Schon, F., Drayson, M., & Thompson, R. (1996). Myasthenia gravis and elderly
people. Age and ageing, 25(1), 56-58.

Schriml, L. M., Arze, C., Nadendla, S., Chang, Y.-W. W., Mazaitis, M., Felix, V., ...
& Kibbe, W. A. (2012). Disease Ontology: a backbone for disease semantic
integration. Nucleic acids research, 40(D1), D940-D946.

Shadbolt, N., Hall, W., & Berners-Lee, T. (2006). The semantic web revisited. IEEE
intelligent systems, 21(3), 96-101.

Simperl, E. (2009). Reusing ontologies on the Semantic Web: A feasibility study. Data
& Knowledge Engineering, 68(10), 905-925.

Stanford Center for Biomedical Informatics Research (BMIR). (2016, January 01).
Protégé. Retrieved from http://protege.stanford.edu/

Suérez-Figueroa, M. C., Gbmez-Pérez, A., Motta, E., & Gangemi, A. (2012). Ontology

engineering in a networked world: Springer Science & Business Media.
Sugumaran, V., & Gulla, J. A. (2011). Applied semantic web technologies: CRC Press.

Sure, Y., Tempich, C., & Vrandecic, D. (2006). Ontology engineering methodologies.
Semantic Web Technologies: Trends and Research in Ontology-based Systems,
171-190.

Vipul, K., Christoph, B., & Matthew, M. (2008). The Semantic Web: Semantic for

Data and Services on the Web.

Walter, E. (2008). Cambridge Advanced Learner's Dictionary Hardback with CD-
ROM for Windows and Mac Klett Edition: Ernst Klett Sprachen.

Western Health Information Collaborative (WHIC). (2005). Western Canada Chronic
Disease Management Infrastructure Initiative. Canada: Western Health
Information Collaborative (WHIC),.

144

www.manaraa.com


http://protege.stanford.edu/

World Health Organization. (2014, January 01). Global Health Observatory:(GHO).
Retrieved from http://www.who.int/gho/en/

World Wide Web Consortium (W3C). (2016, January 01). Semantic Web "Layer
Cake". Retrieved from https://www.w3.0rg/2001/09/06-ecdl/slide17-0.html/

145

www.manharaa.com



http://www.who.int/gho/en/
http://www.w3.org/2001/09/06-ecdl/slide17-0.html/

Appendices

146

www.manharaa.co



Appendix 1: Myasthenia Gravis Questionnaire
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