
I. Introduction

Multiple sclerosis (MS) is an autoimmune inflammatory 
disease of the central nervous system that can cause progres-
sive disability in young adults [1]. There are more than 2.3 
million MS patients worldwide, who encounter numerous 
symptoms such as spasticity, pain, bladder dysfunction, fa-
tigue, and emotional disturbances [2]. These symptoms may 
have a major impact on their daily function and quality of life.
 There is no cure for MS, and treatments are typically fo-
cused on slowing the progression of the disease (disease-
modifying treatments) and alleviating symptoms [3]. In 
this regard, clinical approaches for follow-up appointments 
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should pay special attention to symptom-targeted treatments 
in MS patients with either stable or severe progressive cours-
es. Symptomatic treatment accounts for a significant part of 
the physician’s role and is an important part of a comprehen-
sive treatment plan that aims to improve MS patients’ quality 
of life [4].
 Comprehensive care for chronic diseases, including MS, 
involves a combination of both pharmacological and non-
pharmacological interventions [4,5]. Pharmacological inter-
ventions aim to reduce MS-related functional and emotional 
impairment [5]. Non-pharmacological interventions, such 
as psychological interventions, education, and rehabilitation, 
may be provided as an adjunct to medical treatment [4].
 In routine clinical practice, physicians face challenges in 
choosing distinct interventions that are compatible with the 
patient’s conditions, such as age, comorbidities, the severity 
of symptoms, lifestyle, or special conditions such as preg-
nancy [6]. The ultimate goal in MS symptomatic treatment 
is to select the most suitable pharmacological and non-phar-
macological treatment depending on the needs expressed 
by patients [7]. Making tailored treatment decisions for spe-
cific patients is challenging due to the need to check many 
interrelated symptoms and medications that may interact 
with each other [8]. Simultaneously, there is a large amount 
of scattered practical information in clinical bulletins and 
articles about pharmacological and non-pharmacological 
interventions that could support the physician’s decision. 
However, the existing information contains lengthy unstruc-
tured text data that are in natural language and cannot be in-
terpreted by a computer, and it is challenging for physicians 
to retrieve and integrate this scattered information to make 
the right decision [9]. That consequently wastes physicians’ 
time and energy. 
 Given the challenges of using scattered information, the 
most effective solution is to use an ontology that could re-
move the barriers related to the heterogeneity of knowledge 
by integrating this information and transforming unstruc-
tured text data into structured data [10]. Ontologies can 
provide a knowledge base for clinical decision support sys-
tems (CDSS), preserve the semantic relationships between MS 
treatment concepts, and improve the intelligence of CDSS [11].
 The reasoning mechanism of any knowledge-based system 
is vital. An ontology supports reasoning to recommend a 
suitable treatment by considering the medical status of the 
patient. Many clinical reasoning ontologies have been de-
veloped to assist in the treatment of some chronic diseases, 
such as cancer [12] and diabetes [13]. Given the importance 
of making correct clinical decisions for symptomatic treat-

ment in the management of MS patients, an ontology could 
provide a knowledge base for semantically intelligent CDSS 
in this domain. 
 Previous studies have applied some ontologies in the field 
of MS. For example, Malhotra et al. [14], developed the MS 
ontology semantic framework, which was able to automati-
cally extract information from both the scientific literature 
and Electronic Medical Records (EMRs). However, that 
study lacked sufficient information on the symptomatic 
treatment of MS patients. Another study that focused on the 
symptomatic treatment of certain neurological diseases [15] 
did not specifically address MS as a distinct neurological dis-
order that presents a special constellation of motor, sensory 
and cognitive symptoms. In a registry-based study, Jensen et 
al. [16] compared patient-reported outcomes (e.g., disability 
and quality of life) with objective outcomes derived from 
clinical examinations. That study was not able to provide 
ontological information about different treatment modali-
ties. A comprehensive ontological study addressing different 
concepts of MS symptomatic treatment is lacking. Therefore, 
the objective of the study was to develop an ontology of 
symptomatic treatment in MS care as a knowledge base for 
developing CDSS in this domain.

II. Methods

1. Study Design
This was a descriptive developmental study that addressed 
the development and evaluation process of the Symptomatic 
Treatment of Multiple Sclerosis Ontology (STMSO). Before 
conducting the research, ethical approval was obtained from 
the National Ethics Committee for Biomedical Research (No. 
IR.IUMS.REC.1398.1208). 

2. Participants
Considering the multidisciplinary nature of symptomatic 
treatment, two groups of experts were invited to participate 
in this study: neurologists and clinicians. The first group 
included four neurologists, of whom two were faculty mem-
bers with more than 10 years of experience in the treatment 
of MS and the other two were researchers in the field of 
neurology. The second group included a consultant who had 
a master’s degree in psychology and an experienced phys-
iotherapist. All participants worked at the MS clinics of two 
university hospitals (Kashani and Al-Zahra) in Esfahan, Iran.

3. Study Procedure
This study had two main phases: ontology development and 
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ontology evaluation. The development process for creating 
the STMSO consisted of six main steps that were carried 
out according to Ontology Development 101 [17] and a 
guideline on developing good ontologies in the biomedical 
domain [18]. The method for building STMSO is illustrated 
in Figure 1. A detailed description of each component of the 
method is presented next.

1) Specification of requirements 
This step determined the requirements that the STMSO 
needed to meet, which included information about the pur-
pose, scope, and competency questions (CQs). The proposed 
CQs were defined through a literature review and brain-
storming with domain experts. These CQs guided the next 
phases of ontology development. The STMSO must have 
the ability to answer these questions in line with the users’ 
needs. The answers to these questions helped the developers 
to identify the essential information to build this ontology. 

2) Knowledge acquisition
The purpose of this step was to acquire knowledge about MS 
symptomatic treatment terms and rules to build a complete 
ontology. The knowledge was extracted by performing a sys-
tematic review and consulting with domain experts. 
 The literature was searched from 2010 to 2021 using com-
binations of the following keywords: “multiple sclerosis,” 

“symptomatic drug,” “symptomatic medication,” “symptom-
atic therapy,” “symptomatic management,” and “symptomatic 
treatment.” The selection criterion was papers that proposed 
MS treatments. We also searched MS-related websites, 
including the National Multiple Sclerosis Society and the 
National Guideline Clearinghouse, to extract structured 
knowledge relevant to concepts, properties, and rules. Based 
on the selected literature, a systematic knowledge elicitation 
approach was performed to extract terms for representing 
knowledge in the domain of MS symptomatic treatment. 
This process was undertaken manually by the first author 
in consultation with two other authors. Through careful 
reading of the selected literature, the key concepts and their 
interrelationships in the MS symptomatic domain were 
extracted and documented in a checklist. Table 1 shows an 
excerpt of this checklist. 
 In this step, rules were also defined. Rules address a 
number of challenges in symptomatic treatment. First, 
we gathered information through informal meetings with 
neurologist and clinician experts, analysis of the literature, 
and investigations of related websites such as the Medica-
tion Guide of the US Food and Drug Administration [19] 
and the “DrugBank” online database. These challenges were 
then formulated in the form of “if…then” clauses. For the 
initial validation of knowledge, all extracted information 
was emailed to two neurologist faculty members as domain 

Knowledge acquisition
Term and rules extraction

Defining the classes and class hierarchy

Defining the properties of classes
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Ontology
implementation
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Figure 1.   Symptomatic Treatment of 
Multiple Sclerosis Ontol-
ogy (STMSO) methodology 
overview. BFO: Basic Formal 
Ontology, OGMS: Ontology 
for General Medical Science.
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experts, and they made additions and modifications.

3) Defining the classes and class hierarchy
The defined terms were organized using a top-down meth-
od, starting from the most general to more detailed concepts. 
Common concepts were defined as classes and arranged in a 
hierarchical order by using the “is-a” relationship. 

4) Defining the properties of classes
Relations were represented by properties in Web Ontology 

Language (OWL) [20]. The SMTSO was developed by link-
ing the ontology concepts. 

5) Reusing existing ontologies
To support the interoperability and sharing capabilities of 
STMSO, this ontology was designed as a sub-ontology of the 
Basic Formal Ontology (BFO) and the Ontology for General 
Medical Sciences (OGMS) top-level universal ontologies 
[21]. The BFO is an upper-level ontology designed to sup-
port information retrieval, analysis, and integration. BFO en-

Table 1. Excerpt of the checklist

Checklist title Information elicited

Pharmacological treatment 
(drug name, drug dose, 
and side effects)

-Baclofen 10–80 mg (in three to four divided doses). The main side effects are somnolence,  
fatigue, constipation, nausea, vomiting.

-Tizanidine 236 mg (in one to three divided doses). The main side effects are orthostatic  
hypotension, drowsiness, dry mouth, dizziness.

-Diazepam 2–40 mg (in two to four divided doses). The main side effects are sedating and  
memory impairment.

-Gabapentin 300–3,600 mg (in three to four divided doses). The main side effects are  
somnolence, dizziness, ataxia, and fatigue.

-OnabotulinumtoxinA 5–200 U for upper-limb muscles and 10–400 U for lower-limb muscles. 
The main side effects are pain, Bleeding and bruising, temporary partial weakening of the 
muscles injected.

-Dantrolene 20 mg; 250 mg intravenous powder for injection; 100 mg; 25 mg; 50 mg oral capsule. 
The main side effects are liver problems, nausea, stomach pain, itching, tired feeling, loss of  
appetite, dark urine, clay-colored stools, or jaundice (yellowing of the skin or eyes).

-Nabilone 0.5 mg/night. The main side effects are dizziness, drowsiness, dry mouth, feeling “high,” 
an exaggerated sense of well-being (euphoria), lightheadedness, headache, trouble  
sleeping, or memory problems.

-Nabiximols 22–32 mg/day tetrahydrocannabinol and 20–30 mg/day cannabidiol. The main side 
effects are dizziness, drowsiness, constipation or diarrhea, fatigue, memory or concentration 
problems, and a dry mouth or changed sense of taste.

-Phenol 2–3 mL of oily phenol injection. Spray five times to the affected area every 2 hours. The 
main side effects are difficulty with breathing, fever, headache, nausea, rash, swelling, vomiting, 
worsening of pain, redness, or irritation in or around the mouth.

Non-pharmacological  
treatment

Repetitive magnetic stimulation, electromagnetic therapy, transcutaneous electrical nerve  
stimulation, vibration therapy. 

-Stretching and motion exercises: Wheelchair seating system, gait and assistive devices.
-Timing exercises: Motor control, yoga and tai chi, biofeedback, relaxation techniques such as 
progressive muscle meditation or deep-breathing exercises, massage.

-Strengthening exercises: Free weights, machines, TheraBand, Swiss balls, or aquatic exercises.
-Balance and coordination exercises: Pool exercises, hydrotherapy, ankle-foot orthosis.

Rehabilitation Kinect-based virtual rehabilitation, physical therapy, occupational therapy 
Measurement index Modified Ashworth Scale (MAS)
Complementary treatment Acupuncture 
Surgery Tenotomy, rhizotomy, neurectomy 

https://www.webmd.com/first-aid/understanding-dizziness-basics
https://www.webmd.com/oral-health/guide/dental-health-dry-mouth
https://www.webmd.com/brain/tc/dizziness-lightheadedness-and-vertigo-topic-overview
https://www.webmd.com/migraines-headaches/migraines-headaches-basics
https://www.webmd.com/sleep-disorders/sleep-disorders-faq
https://www.webmd.com/sleep-disorders/sleep-disorders-faq
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ables a realistic approach to ontology modeling, in which the 
classes in ontologies are universal categories of objects that 
represent things and processes [22]. OGMS is an ontology 
for the representation of diseases, signs, symptoms, clinical 
processes, diagnosis, treatment, and outcomes [21]. We used 
similar previous articles [13,23] to map the concepts into the 
BFO and OGMS. 

6) Ontology implementation
Ontology development tools and languages were employed 
to implement the ontology. Specifically, the ontology was 
implemented on the researchers’ computer using the Protégé 
5.0.0 ontology editor in OWL format [20]. Protégé is a free 
and open-source ontology editing tool developed by the 
Stanford Center for Biomedical Informatics Research. In this 
step, the defined classes and properties were implemented in 
Protégé 5. Figure 2 presents details. The defined rules were 
also implemented into the Semantic Web Rule Language 
(SWRL) tab in Protégé. The STMSO was uploaded to the 
National Center for Biomedical Ontology’s BioPortal (NC-
BO’s BioPortal). This web portal supports a uniform mecha-
nism to access biomedical terminologies and ontologies.

7) Ontology evaluation
The second phase of this study was testing and validating 
the ontology. We considered two categories of evaluations: 
design evaluation [24] and expert-based evaluation [25], as 

described below.

4. Design Evaluation
Design evaluation refers to the verification and validation 
of the ontology, including an assessment of the ontology’s 
consistency, and completeness. Consistency means that on-
tology does not encompass any contradictions [25], while 
completeness measures whether the domain of interest is 
adequately covered [26].
 We used an open-source semantic reasoner, Pellet [27], with 
Protégé to verify the consistency of the ontology model dur-
ing the ontology creation process. We also evaluated the on-
tology content against the defined list of CQs to ensure that 
it answered them. To assess the capability of the developed 
STMSO to answer the CQs, each CQ was represented by  
Simple Protocol and Rdf Query Language(SPARQL) queries 
to retrieve data from the ontology. 

5. Expert-based Evaluation
In this qualitative approach, the quality of the ontology 
was judged on the basis of expert opinion. Semi-structured 
interviews with domain experts were held to elicit their 
comments on the accuracy, clarity, and completeness of the 
ontology based on their knowledge and experience in this 
specialized field. 
 Accuracy is a criterion that evaluates whether the axioms 
of an ontology are consistent with domain knowledge [28], 

Figure 2.   Screenshot of ontology class-
es and object properties im-
plemented using Protégé.
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while clarity refers to the effectiveness of an ontology in 
conveying the intended meaning of defined terms [26]. The 
evaluation was conducted through in-person sessions during 
participants’ working hours that lasted for 35 to 45 minutes. 
The ontology was implemented on the researchers’ com-
puter, and the domain experts (including two neurologist re-
searchers, an experienced physiotherapist, and a consultant) 
were asked to manually review all entities (concepts and 
relationships) of the proposed ontology one by one. We then 
asked some open-ended questions to understand whether 
there were (1) irrelevant terms, (2) any entities missing (and, 
if so, which should be added), and (3) whether the structure, 
labels, and definitions of each entity were coherent. 

III. Results

1. Specification of Requirements
It was established that the STMSO should provide a refer-
ence model for the representation of knowledge in the 
domain of symptomatic treatment focused on the specific 
scope of MS. The CQs included questions such as: 
 (1) Is it possible to search the ontology for pharmacological 
and non-pharmacological treatments for each symptom?
 (2) Is it possible to search the ontology for suitable drug 
contraindications based on the patient’s status?

2. Knowledge Acquisition
The systematic review identified 664 articles in the initial 
database search. Additional records were also added from 
other sources (n = 38), yielding a total of 682 records. After 
the removal of duplicates (n = 125), 557 articles remained 
for the initial screening of titles and abstracts. They were 
checked for eligibility, and 447 articles were excluded. Fi-
nally, a total of 110 full-text articles met the inclusion criteria 
for the current systematic review (Figure 3). First, we classi-
fied all articles based on symptoms. Articles were then read 
one by one, and data were extracted based on the checklist. 
A short selection of this checklist for spasticity, captured 
from literature is shown in Table 1. The detailed results of 
the checklist are shown in Supplement A.
 We organized the rules into two categories: drug prescrib-
ing rules and other rules. Drug prescribing rules included 
contraindications for prescribing drugs due to a patient’s 
specific condition, such as age, pregnancy status, and the 
presence of an underlying disease. Other rules included 
the relationship between the patient’s disability status and 
the type of exercise and rules for distinguishing between a 
symptom and side effect of disease-modifying drugs. De-

tailed information about the rules is presented in Table 2. In 
this step, rules were defined (input) into the ontology. We 
defined 139 rules to customize a specific treatment plan us-
ing the SWRL editor plugin in Protégé. Table 2 shows some 
examples of rules from two rule categories and their trigger-
ing conditions. A full list of rules is also presented in Supple-
ment B.

3. Defining Classes and Class Hierarchy
First, the data identified by experts and the literature review 
as relevant for the symptomatic treatment of MS were clas-
sified into five groups, described in the ontology as five gen-
eral classes (“patient,” “symptoms,” “pharmacological treat-
ment,” “treatment plan,” and “measurement index”). A class 
hierarchy tree was then built according to the subsumption 
relationship (is-a-superclass-of, the converse of is-a-subclass-
of) between classes. The STMSO incorporated a class count 
of 626, with a depth of two to six levels.

4. Defining the Properties of Classes
In this study, properties were mainly defined to connect 
symptom classes to treatment classes. The “is-a” relationship 
was used to provide the main hierarchy structure. The STM-
SO had 40 object properties. Figure 2 outlines some classes 
and object properties employed in the STMSO.

5. Reusing Existing Ontologies
The main classes of the STMSO were implemented under 
the most suitable upper-level BFO and OGMS universals 
according to the semantics of these classes. For example, the 
STMSO’s pharmacological treatment class was implemented 

Figure 3. Flowchart of the publication search process.

Records identified
through database

searching (n = 644)

Additional records
through other

sources (n = 38)

Records identified (n = 682)
Duplicates

removed (n = 125)

Records after
duplicate removed (n = 557)

Titles and abstract
screened (n = 557)

Records
excluded (n = 110)

Full text articles assessed
for the eligibility (n = 447)

Records
excluded (n = 337)

Studies included
in the study (n = 110)



338 www.e-hir.org

Misagh Zahiri Esfahani et al

https://doi.org/10.4258/hir.2022.28.4.332

as a subclass of the BFO’s material entity.
 In Figure 4, we present the asserted upper-level hierarchy 
of the STMSO, which shows how the top-level domain-
specific classes are classified under the OGMS classes. 

6. Ontology Implementation
Two sets of ontologies were developed. After the evaluation 
of the first version in May 2021, the modified version was 
implemented 4 months later in September 2021. The revised 
ontology, including 626 classes, 40 object properties, and 139 
rules, was implemented. The main components of STMSO 
are presented in Figure 2. The STMSO is publicly available 
for download through NCBO’s BioPortal at (https://biopor-
tal.bioontology.org/ontologies/STMSO).

7. Ontology Evaluation

1) Design evaluation
The evaluation using the Pellet reasoner showed that the 
STMSO was free of discrepancies, inconsistencies, and un-
satisfactory classes. In the evaluation according to CQs, all 
questions can be answered from knowledge in the STMSO, 

indicating that the completeness standard was met. Table 3 
lists a complementary and more specific list of CQs than the 
previously listed CQs in the requirement specification sec-

Table 2. Examples of SWRL rules

Category of rules Description Example Rules represented in SWRL syntax

Drug  
prescribing  
rules

Drug-patient’s status:  
Age

For patients aged greater than 60, 
pramipexole should prescribe 
with caution

STMSO: Has age (?patient, ?age) ^ swrlb :great-
er than(?age, 60) > STMSO: Should use with 
caution(?patient, STMSO: Pramipexole)

Drug-patient’s status 
contraindications:  
Pregnancy status

Cannabis_sativa_L are not  
allowed for pregnant patients

STMSO: Has pregnancy status (?patient, STM-
SO: pregnant) STMSO: Should not prescribe 
(?patient, STMSO: Cannabis sativa L)

Drug-patient’s status:  
Socio-economic 
status

OnabotulinumtoxinA is an expen-
sive drug. For patients with low 
socio-economic status, it should 
prescribe an alternative drug

STMSO: Has economic status (? patient, STM-
SO: low) STMSO: Should prescribe an alterna-
tive drug (?patient, STMSO: Onabotulinum-
toxinA)

Drug-underlying:  
Disease

Baclofen should prescribe with  
caution for patients with renal  
disease

STMSO: Has underlying disease (?patient, ST-
MSO: renal disease) STMSO: should prescribe 
with caution (?patient, STMSO: Baclofen)

Other rules Patient’s disability  
status-exercise

Patients with EDSS less than 7 
should use treadmill walking

STMSO: Has EDSS (?patient, STMSO: < 7 ST-
MSO: should use treadmill walking

 (?patient, STMSO: Exercise)
Distinguishing rules  

between side effects 
of disease modifying 
drugs and symptoms

Before treatment of urinary  
infection as a symptom, it  
should check that it is not a side 
effect of fingolimode

STMSO: Has symptom (?patient, STMSO: uri-
nery infection) STMSO: should check for side 
effect of (?patient, STMSO: fingolimode)

EDSS: Expanded Disability Status Scale, SWRL: Semantic Web Rule Language, STMSO: Symptomatic Treatment of Multiple Sclero-
sis Ontology.

Entity

Symptom (OGMS)

Continent (BFO)

Martial entity (BFO)

Drug (STMSO)

Ocurrent (BFO)

Process (BFO)

Specifically dependent
continent (BFO)

Realized entity (BFO)

Role (BFO)

Patient (BFO)

Figure 4. Portion of the Symptomatic Treatment of Multiple 
Sclerosis Ontology (STMSO) in relation to top-level ontologies. 
Each arrow sign represents an “is-a” relation. BFO: Basic Formal 
Ontology, OGMS: Ontology for General Medical Science.

https://bioportal.bioontology.org/ontologies/STMSO
https://bioportal.bioontology.org/ontologies/STMSO
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tion. The CQs were represented as queries over the STMSO 
by using SPARQL queries.

2) Expert-based evaluation
The accuracy of the STMSO was confirmed, as all experts 
said that no irrelevant terms were used. Moreover, the ST-
MSO was based on knowledge derived from the most recent 
and reliable articles and clinical bulletins under the guidance 
of domain experts. Furthermore, during the entire develop-
ment process, our domain experts were regularly consulted 
to verify the ontology’s correctness. 
 In terms of clarity, the physiotherapist said that it would be 
better to replace the term “spasticity” with “spasm.” All three 
other experts validated the collected terms and descriptions 
and confirmed their clarity, with no additional recommen-
dations. The clarity of the STMSO was also achieved by as-

signing non-ambiguous labels or descriptions to each class, 
using “rdfs:label,” “rdfs:comment,” or “skos:definitions.” In 
terms of completeness, the results of the interview elicited 
34 additional concepts that were added as new classes in the 
ontology. Examples of new classes that were added to the 
STMSO are listed in Table 4. 

IV. Discussion

In this study, we developed and evaluated a specific ontol-
ogy entitled “STMSO” as a framework to improve the orga-
nization of knowledge about the symptomatic treatment of 
MS. The proposed ontology has good coverage of concepts 
related to MS symptomatic treatment. It has 626 classes 
regarding symptoms, treatments, and patient conditions. 
All treatment classes are related to each symptom through 

Table 3. Competency questions and corresponding axioms in the ontology

Competency question STMSO-based Axiom Answer

What are the  
pharmacological  
treatments for  
Primary MS related 
fatigue?

select ?a where {
 :Primary_MS_fatigue (rdfs:subClassOf) ?property.
?property owl:onProperty m:Has_pharmacological_treatment;
owl:someValuesFrom ?a
}

Amifampridine, Ginkgo, Carbam-
azepine, Pemoline, Dalfampridine, 
Aspirin

What are the  
non-pharmacological 
treatments for  
urinary dysfunction?

select ?a where {
 m:Urinary_tract_dysfunction (rdfs:subClassOf) ?property.
?property owl:onProperty m:Has_nonpharmacological_treatment;
owl:someValuesFrom ?a
}

Timed voiding, Self-catheterization, 
Pelvic floor, maneuver

What physician’s  
recommendation  
about dysphagia  
disorders of patients?

select ?a where {
 m:Dysphagia (rdfs:subClassOf) ?property.
?property owl:onProperty m:Has_recommendation;
owl:someValuesFrom ?a
}

Sit upright when eating or drinking, 
Double swallows may be recom-
mended, Take one small bite or sip 
at a time, Clear your throat and 
swallow again, Brush your teeth 
and tongue thoroughly twice a day, 
Keep the chin parallel with the table

What surgical methods 
are used to treat any 
type of drug-resistant 
tremor?

select ?a where {
 m:Tremor (rdfs:subClassOf) ?property.
?property owl:onProperty m:Has_surgery;
owl:someValuesFrom ?a
}

Thalamotomy

What is the comple-
mentary treatment 
for sleep disorder?

select ?a where {
 m:Sleep_Disorders (rdfs:subClassOf) ?property.
?property owl:onProperty m:Has_complementary_treatment;
owl:someValuesFrom ?a
}

Massage therapy

STMSO: Symptomatic Treatment of Multiple Sclerosis Ontology, MS: multiple sclerosis.
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40 object properties. It also has 139 rules that represent the 
challenges and complexities of symptomatic treatment. The 
evaluation results ensured the quality of the STMSO includ-
ing accuracy, clarity, completeness, and consistency.
 Semi-automatic approaches to knowledge extraction have 
been developed to build ontologies from texts. For example, 
Dostal et al. [29] used statistical and natural language pro-
cessing techniques and automatic approaches to create 
domain ontologies, and we systematically collected and se-
lected the relevant literature similar to Zhang et al. [30]. This 
approach ensures a credible and comprehensive knowledge 
base for the formulation of the ontology and makes the on-
tology complete and more coherent. 
 In our study, there are 13 classes for non-pharmacological 
treatments. This is in contrast to Malhotra et al. [14], who 
developed an ontology for MS that only included four classes 
for non-pharmacological treatment and did not have more 
detailed subclasses. Furthermore, our ontology provides a 
more organized classification of symptoms. For example, we 
placed all the visual problems in one class entitled “vision 
problems,” but Malhotra et al. [14] put “vision loss,” “ocular 
dysmetria,” and “nystagmus” into different classes.
 The treatment class was an important class in our study 
that also existed in previous treatment ontologies in other 
domains [13,30]. We also included non-pharmacological 
treatment, with subclasses such as exercise therapy and mu-
sic therapy that are similar to those in the diabetes mellitus 
treatment ontology [13].
 The extracted rules in our study are different in terms of 
type and number from those in the study by El-Sappagh et 
al. [13]. We defined 139 rules in two categories, whereas they 
found 214 rules in four categories. Regarding the types of 
rules, we defined disease exercise interaction and medication 
rules that are similar to those of El-Sappagh et al. [13], but 
they also had education and lifestyle rules that are different 
from those in our study. 
 In line with former studies [13,30], the expert-based evalu-
ation ensured the quality of the STMSO. Although this is a 

subjective evaluation approach, it is frequently considered a 
good validation process because it relies on the deep knowl-
edge of external experts who can explore the quality of an 
ontology.
 The STMSO has considerable potential as a domain ontol-
ogy. It could transform clinical text data into machine-pro-
cessable data and generate more insights on evidence-based 
treatment plans. These insights would help researchers and 
healthcare professionals better understand MS symptoms 
and effective treatments and eventually guide healthcare 
professionals to better symptomatic treatment, especially 
drug prescriptions, thereby ultimately improving the quality 
of care, patient safety, and satisfaction. We expect that the 
STMSO will be utilized to build CDSS to address specific 
challenges in physicians’ decision-making.
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Table 4. Some new added concepts and their definitions

Added concept Definition

Heat intolerance A symptom in which a feeling of being overheated occurs when the temperature around the MS patient rises
Chinese medicine An approach involving traditional medicine such as acupuncture, tai chi, and herbal products
Myokymia An involuntary, spontaneous, localized quivering of a few muscles, or bundles within a muscle, but with an 

insufficient magnitude to move a joint
Ginkgo An herb used in traditional Chinese medicine to treat some of the symptoms of MS
MS: multiple sclerosis.
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