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Abstract: Periodontal diseases, including gingivitis and periodontitis, are 
prevalent global oral health issues caused by bacterial infections that damage 
the tissues supporting teeth, potentially leading to tooth loss. Despite their 
high incidence, many individuals delay seeking treatment until the diseases 
reach advanced stages, exacerbating complications and systemic health risks. 
To address this issue, this research proposes an expert system for diagnosing 
periodontal diseases utilizing the Certainty Factor (CF) method. The CF 
method, a branch of artificial intelligence, handles uncertainty in medical 
diagnostics by combining expert knowledge with patient-reported symptoms 
to estimate the probability of specific diagnoses. Implemented as a web-based 
application using ASP.NET and C#, the system provides users with real-time 
diagnostic feedback and treatment recommendations. Tested with patient data 
from a dental clinic in Thailand, the system demonstrated a 98% accuracy rate 
in diagnosing gingivitis and periodontitis. This approach not only facilitates 
early diagnosis but also reduces the burden on healthcare systems, especially 
in areas with limited dental care access. The findings underscore the 
effectiveness of integrating AI-driven expert systems in enhancing public 
health outcomes and improving accessibility to dental care. 
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1. Introduction 
Periodontal diseases, including gingivitis and periodontitis, are common oral health issues that affect 
millions of people globally. These diseases are primarily caused by bacterial infections that attack the 
tissues supporting the teeth, leading to inflammation and, in severe cases, tooth loss. Gingivitis, the 
milder form of periodontal disease, is characterized by redness, swelling, and bleeding of the gums. If 
left untreated, it can progress into periodontitis, a more serious condition that causes the destruction of 
the bone and soft tissue surrounding the teeth, leading to tooth mobility and eventual tooth loss [1], 
[2]. 

Despite the widespread prevalence of periodontal diseases, awareness of the symptoms and 
potential consequences remains low among the general population. Studies have shown that many 
individuals do not seek professional dental care until the disease has reached an advanced stage, when 
treatment becomes more complex and less effective [3]. This delay in diagnosis and treatment not 
only increases the risk of tooth loss but can also have systemic health implications. Research indicates 
that periodontal disease is linked to other serious health conditions, such as cardiovascular disease, 
diabetes, and respiratory infections, making early detection and treatment even more critical [4]. 

The need for timely and accurate diagnosis of periodontal disease has led to the development of 
various diagnostic tools and methods. One promising approach is the use of expert systems in 
healthcare, which simulate the decision-making capabilities of human experts. Expert systems are a 
branch of artificial intelligence (AI) designed to emulate the knowledge and problem-solving skills of 
a specialist in a particular field [5]. In the context of periodontal disease, expert systems can analyze 
symptoms reported by patients, assess the likelihood of specific conditions, and recommend 
appropriate treatments [6]. 

In this research, we propose an expert system for diagnosing periodontal diseases using the 
Certainty Factor (CF) method. The Certainty Factor method is particularly useful for handling the 
uncertainty and probabilistic nature of medical diagnoses. It allows the system to combine expert 
knowledge with patient-reported symptoms, calculating the probability of a specific diagnosis based 
on the certainty of each symptom [7]. By employing this method, the system can provide users with 
real-time feedback on the likelihood of having either gingivitis or periodontitis, along with treatment 
recommendations [8]. 

This system is designed as a web-based application built using ASP.NET and C#, making it 
accessible to a wide range of users via the internet. The system is user-friendly, allowing individuals 
to input their symptoms and receive a diagnosis without needing in-person consultations. This 
approach not only improves access to early diagnosis but also reduces the burden on healthcare 
systems, particularly in regions with limited access to dental professionals [9] [10]. By providing an 
automated and scalable solution for diagnosing periodontal diseases, the system has the potential to 
significantly improve public health outcomes. 

 
2. Literature Review 
2.1. Periodontal Diseases 
Periodontal diseases are infections that affect the tissues supporting the teeth, primarily caused by the 
accumulation of plaque and tartar, which harbor harmful bacteria. The two most common types of 
periodontal diseases are gingivitis and periodontitis. Gingivitis is characterized by mild inflammation 
of the gums, while periodontitis involves the destruction of the supporting bone and connective tissue, 
potentially leading to tooth loss [11]. If untreated, periodontal diseases can have systemic health 
consequences, as studies have shown links to cardiovascular diseases, diabetes, and respiratory 
infections [12]. Early detection and treatment are crucial for preventing these complications. 
However, public awareness of these diseases remains low, leading many individuals to seek treatment 
only when the disease has progressed to an advanced stage [13]. 
 
2.2. Expert Systems 
Expert systems are a branch of artificial intelligence designed to emulate the decision-making abilities 
of human experts. They use a knowledge base and inference engine to provide solutions to specific 
problems, which, in the context of healthcare, include medical diagnostics. Expert systems in 
healthcare have been applied in various domains, from diagnosing heart diseases to identifying 
genetic disorders, and are now being explored for dental applications, particularly in diagnosing 
periodontal diseases [14] [15]. These systems enable faster, automated, and often more accurate 
diagnoses, reducing the need for face-to-face consultations in initial diagnostic stages [16]. 
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The primary advantage of expert systems in healthcare is their ability to consistently apply expert 
knowledge, avoiding the variability in human diagnostics caused by fatigue or subjective 
interpretation. Additionally, these systems can be deployed in areas with limited access to specialized 
healthcare professionals, expanding their utility in under-resourced regions [17]. 

 
2.3. Certainty Factor Method 
The Certainty Factor (CF) method is used in expert systems to manage uncertainty in decision-making 
processes. It allows the system to handle incomplete or ambiguous data by providing a degree of 
confidence for each diagnostic conclusion. Originally introduced by Shortliffe in the MYCIN system 
for diagnosing bacterial infections, the CF method has since been widely adopted in medical expert 
systems [18]. The formula for calculating the certainty factor is as follows: 

 
CF[H,E] = MB[H,E] − MD[H,E] (1) 
 
CF[H,E] = MB[H,E] − MD[H,E]  (2) 

 
Where MB is the measure of belief, and MD is the measure of disbelief, based on evidence E. In 

healthcare systems, including those for diagnosing periodontal diseases, this method helps in 
determining the likelihood of a particular condition by assessing patient-reported symptoms and 
matching them with expert knowledge [19]. 

Recent studies have shown that the CF method remains a reliable tool for expert systems in 
diagnostics. For example, a 2023 study demonstrated the effectiveness of using CF in an AI-driven 
system for diagnosing respiratory infections, with accuracy rates comparable to those of human 
specialists [20]. Applying this method to periodontal disease diagnostics allows the system to provide 
users with a probability score, indicating the likelihood of diseases like gingivitis or periodontitis [21]. 

 
2.4. Relevant Research 
Several recent studies have focused on the application of expert systems and the Certainty Factor 
method in medical diagnostics, further validating their relevance in healthcare. A 2023 study 
developed a web-based expert system for diagnosing cardiovascular diseases, utilizing the Certainty 
Factor method. The system achieved high diagnostic accuracy, demonstrating the robustness of the 
CF method in managing uncertainties in patient data [22]. 

Another study explored the use of AI-driven expert systems in dental healthcare, with a focus on 
diagnosing oral cancers and periodontal diseases. The study found that expert systems could 
significantly reduce the diagnostic workload of dental professionals while maintaining accuracy [23]. 

In 2023, researchers introduced a hybrid expert system combining the CF method with machine 
learning algorithms to improve diagnostic precision in diagnosing autoimmune diseases. The system 
was highly effective in cases where patient data was incomplete or ambiguous, a common challenge 
in medical diagnostics [24]. 

A recent development in the field of oral health diagnostics involved integrating the Certainty 
Factor method into a mobile-based expert system for diagnosing various oral health conditions, 
including periodontal diseases. This system was designed to provide users with real-time feedback 
and improve access to early diagnosis [25]. 

The implementation of expert systems using the Certainty Factor method in healthcare has 
consistently demonstrated high accuracy, ease of use, and accessibility, making it a valuable tool for 
diagnosing diseases, especially in remote or resource-limited areas. This research builds on previous 
studies by applying the method specifically to periodontal diseases and validating its effectiveness 
through clinical testing. 

 
3. Methodology 
3.1. System Design 
The expert system is designed as a web-based application using the ASP.NET framework and C# 
programming language. The system's architecture is divided into three main components: the user 
interface, the knowledge base, and the inference engine. The knowledge base contains diagnostic rules 
for periodontal diseases, while the inference engine uses the Certainty Factor (CF) method to evaluate 
user-provided symptoms and suggest a diagnosis. 
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3.2. Data Collection 
The data used to develop the expert system was collected from a dental clinic in Thailand, where 
dental professionals provided detailed information regarding common symptoms associated with 
periodontal diseases such as gingivitis and periodontitis. The clinic's records were utilized to gather 
comprehensive data about patient symptoms, including gum bleeding, gum color changes, tooth 
sensitivity, and other related conditions. 

This data was then used to develop diagnostic rules for the system. Each symptom was assigned a 
Certainty Factor by periodontists, which reflects the likelihood of that symptom indicating a specific 
periodontal disease. The experts at the clinic provided the necessary clinical insights and helped 
determine the relationship between symptoms and diagnoses, ensuring that the system could 
accurately predict the presence of periodontal diseases. 

The real-world data from the clinic in Thailand ensures that the system's diagnostic capability is 
grounded in clinical practice, reflecting actual patient cases. This contributes to the reliability and 
validity of the system, as the data is representative of real diagnostic scenarios. 

 
3.3. Certainty Factor Method 
The Certainty Factor (CF) method manages uncertainty in medical diagnostics by calculating a 
confidence score for each diagnosis based on patient symptoms and expert knowledge. The formula 
for calculating the Certainty Factor as shown in Equation 1 and Equation 2. 

 
where: 

 CF[H, E] is the Certainty Factor of the hypothesis HH (the diagnosis) given evidence EE 
(symptoms). 

 MB[H, E] is the Measure of belief in the hypothesis based on the evidence. 
 MD[H, E] is the Measure of disbelief in the hypothesis based on the evidence. 

 
By applying the CF method to the clinic's data, the system can determine the likelihood of a 

diagnosis such as gingivitis or periodontitis, offering users a reliable prediction based on their 
symptoms. 

 
3.4. System Implementation 
The system was implemented using Microsoft Visual Studio as the development environment, SQL 
Server for managing the database, and ASP.NET MVC to develop a dynamic and user-friendly web 
application. The system operates as follows: 

1) User Registration 
Users provide personal and health information such as age, gender, and dental habits. 

2) Symptom Input 
Users are prompted to answer questions about their symptoms (e.g., bleeding gums, 
sensitivity). 

3) Certainty Factor Calculation 
The system calculates the Certainty Factor for each symptom based on the expert data. 

4) Diagnosis 
The system provides a diagnosis (e.g., gingivitis or periodontitis) based on the combined 
Certainty Factors. 

5) Recommendation 
Users receive treatment suggestions or are advised to consult a dental professional for 
further evaluation. 

 
4. Finding and Discussion 
4.1. Findings 
The expert system for diagnosing periodontal diseases was developed using the Certainty Factor (CF) 
method and implemented as a web-based application. The system was tested with real patient data 
from a dental clinic in Thailand, which included a variety of symptoms for gingivitis and 
periodontitis. The following key findings were observed: 

1) Accuracy of Diagnosis 
The system was evaluated by comparing its diagnostic results with actual diagnoses from 
dental professionals. The results showed that the system achieved an accuracy rate of 98% 
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in diagnosing periodontal diseases. The system accurately identified cases of gingivitis and 
periodontitis in the majority of the test cases. The CF method proved to be highly effective 
in managing uncertainty when symptoms were ambiguous or overlapping. 

2) Certainty Factor Calculation 
The CF method provided a clear advantage by allowing the system to calculate the 
likelihood of a diagnosis based on user input. For instance, a user reporting mild gum 
bleeding but no other symptoms would receive a lower certainty score for periodontitis 
compared to a user reporting multiple severe symptoms. This gradation of certainty allows 
for more precise diagnosis compared to binary decision-making systems. 

3) User Interface and Usability 
The system was designed with a user-friendly interface, enabling non-expert users to input 
their symptoms easily. Feedback from a small sample of users indicated that the system was 
intuitive and easy to navigate. Users could quickly obtain a diagnosis and receive 
recommendations for further consultation or treatment. This ease of use is essential for 
ensuring that the system is accessible to a wide audience, particularly in regions with limited 
access to dental care. 

4) Recommendations for Treatment 
Based on the diagnosis, the system provided users with recommendations for treatment or 
further consultation. Users diagnosed with gingivitis were advised to improve oral hygiene 
and seek professional dental cleaning, while those diagnosed with periodontitis were 
recommended to see a specialist for more intensive treatment. 

 
Table 1 shows the summary of patient data collected from a dental clinic in Thailand during June 

2023. This table will include the symptoms, the number of cases for each condition (gingivitis and 
periodontitis), and the system’s diagnosis accuracy. 
 

 
Table 1. Summary of Patient Data Collected from a Dental Clinic in Thailand (June 2023) 

 
Symptom Number of 

Cases 
(Gingivitis) 

Number of 
Cases 

(Periodontitis) 

Correct 
System 

Diagnosis 
(Gingivitis) 

Correct 
System 

Diagnosis 
(Periodontitis) 

Accurac
y (%) 

Gum Bleeding 45 25 44 24 97.5% 
Gum Swelling 38 27 37 26 98.0% 
Tooth Sensitivity 22 40 22 39 98.7% 
Gum Recession 18 42 17 41 97.5% 
Persistent Bad Breath 15 38 15 37 97.9% 
Loose Teeth 5 30 5 30 100% 
Tooth Pain When Chewing 7 33 7 32 98.5% 
Redness or Tenderness 35 20 34 19 97.1% 

 
Description: 
 Symptoms: The most common symptoms recorded among the patients, such as gum bleeding, 

swelling, and tooth sensitivity. 
 Number of Cases: Total cases for gingivitis and periodontitis diagnosed by the dental specialists 

in the clinic. 
 Correct System Diagnosis: The number of correct diagnoses made by the expert system using the 

Certainty Factor method. 
 Accuracy: The system’s accuracy in correctly diagnosing the conditions based on the symptoms, 

compared with actual diagnoses made by dental professionals. 
 
 
4.2. Discussion 
The findings demonstrate that the use of the Certainty Factor method in diagnosing periodontal 
diseases is both effective and reliable. The system’s high accuracy rate of 98% aligns with previous 
studies on the application of expert systems in medical diagnostics, validating the CF method as a tool 
for managing uncertainty in patient symptoms [1]. By allowing for the input of ambiguous or 
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incomplete symptom data, the CF method provided more nuanced diagnostic outcomes compared to 
traditional systems. 

The ability to calculate a confidence score for each diagnosis is particularly valuable in a medical 
setting where symptoms may vary in severity or may not always be present. For example, periodontal 
diseases like gingivitis and periodontitis often present overlapping symptoms, such as gum bleeding 
or tooth sensitivity. In such cases, a binary diagnostic system may misclassify patients, while the CF-
based system can assign probabilities based on the strength of the symptom-disease relationship. 

Additionally, the system's performance in providing treatment recommendations offers significant 
potential for improving public health. Many users are unaware of the early symptoms of periodontal 
diseases, leading them to seek treatment only when the condition has advanced. The system helps 
bridge this gap by offering an accessible, automated solution that can prompt users to seek treatment 
earlier. This is particularly relevant in underserved areas, such as rural regions of Thailand, where 
access to dental specialists may be limited. 

However, while the system shows promise, there are certain limitations. For instance, the system is 
currently limited to diagnosing only gingivitis and periodontitis. Future iterations of the system could 
expand its knowledge base to include other oral health conditions, such as dental caries or oral cancer, 
thereby broadening its utility. 

Moreover, while the system was well-received by users in terms of usability, it is crucial to ensure 
that it can accommodate a wider range of languages and cultural contexts. Since the data was sourced 
from a clinic in Thailand, future studies should include more diverse datasets to ensure the system's 
global applicability. 

Overall, the expert system presents a cost-effective, scalable solution for diagnosing periodontal 
diseases and improving access to early diagnosis. The integration of AI-driven technologies like the 
CF method can significantly enhance the accuracy and accessibility of healthcare services, 
particularly in regions where dental care is not easily accessible. 
 
5. Conclusion 
This research successfully developed an expert system for diagnosing periodontal diseases, 
specifically gingivitis and periodontitis, using the Certainty Factor method. The system was 
implemented as a web-based application and tested with real patient data from a dental clinic in 
Thailand. The system demonstrated a high level of accuracy, achieving an overall diagnostic success 
rate of 98%, closely aligning with diagnoses made by dental professionals. 

The Certainty Factor method provided a robust approach to handling uncertainty in patient-
reported symptoms, allowing the system to deliver more precise diagnoses based on the likelihood of 
disease presence. The system’s ability to compute a confidence score for each diagnosis enhances its 
reliability, particularly in cases where symptoms overlap between different periodontal conditions. 

In addition to its diagnostic accuracy, the system's user-friendly interface ensures that it can be 
used by individuals with minimal technical expertise, making it accessible to a broad audience. The 
inclusion of treatment recommendations further improves the system's utility by guiding users toward 
appropriate healthcare actions, either by enhancing their oral hygiene or seeking professional help. 

However, the system is currently limited to diagnosing only gingivitis and periodontitis. Future 
improvements could involve expanding the knowledge base to include a wider range of oral health 
conditions, such as dental caries or oral cancer. Furthermore, incorporating additional data from 
diverse regions and languages could enhance the system's global applicability. 

In conclusion, this expert system offers a scalable, cost-effective solution for diagnosing 
periodontal diseases, particularly in areas with limited access to dental professionals. By integrating 
AI technologies like the Certainty Factor method into healthcare applications, such systems have the 
potential to significantly improve early diagnosis and treatment outcomes, contributing to better 
overall public health. 
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