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Abstract

Dental and oral is body organ located on the face, so that the
health of the teeth and mouth is very important. Some of people
fell fear to dentist because it take times and expensive cost.
Knowledge improvement could assist expert to insert, update and
delete data diseases so that the system remains accurate and up to
date. Fuzzy logic method is used to obtain the user's trust value
(wi), while the certainty factor method is used to get an answer
from the system diagnostics. After the user has answered about
27 questions, then the system displays the result of diagnosis
based on the users answers. The diagnosis results are used to
obtain the accuracy of the system based on comparison of the
results of the expert diagnosis with the diagnosis results.
Accuracy of Expert System with Dental and Oral Disease with
Fuzzy and Certainty Factor obtained the result is 94,627%.

Keywords: Expert System, Dental and Oral Desease, Fuzzy

Logic, Certainty Factor.

1. Introduction

Dental and oral is body organ located on the face, so that
the health of the teeth and mouth is very important. Mostly,
people ignore mouth and teeth health problem. Some of
people fell fear to dentist because it take times and
expensive cost. The dental and oral disease can affect
people in every age. Unhealty lifestyle can caused a person
to oral and dental disease, such as: pulpitis reversible,
pulpitis irreversible, nekrosis pulpa, dental abscess,
gingivitis, dental fraktur, periondontitis, stomatitis,
halitosis, but not all of these diseases affected by unhealty
lifestyle, some caused by bacterial agent.

Development of an application expert system for dental
and oral diseases, hopefully can efficient the cost, times,
and the consultation can be done without teeth tools refers
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that commonly used so can avoid the patien fear during the
consultation. Research related to Expert System of Dental
and Oral Diseases with fuzzy logic method, and certainty
factor method that have been explained have similiarity
and difference with developed research, such as: “A Fuzzy
Expert System Design for Diagnosis of Periodontal Dental
Diseases”, “Dental Disease Identification Using Fuzzy
Inference System”, and “Rancang Bangun Sistem Pakar
untuk Diagnosis Penyakit Mulut dan Gigi dengan Metode
Fuzzy Logic”, talking about dental and oral diseases with
applying fuzzy logic method, while this research developed
by applying fuzzy logic method and certainty factor
method [1-3]. Research titled “Sistem Pakar Mendiagnosa
Penyakit Infeksi Gigi dan Mulut pada Manusia
menggunakan Metode Certainty Factor”, also had same
thing by using certainty factor method, while this research
developed by applying fuzzy logic method and certainty
factor method [4]. Research titled “Sistem Pakar Diagnosa
Penyakit Kulit dan Kelamin dengan Metode Certainty
Factor dan Fuzzy Logic”, also had same thing by using the
same method, but with difference object [5]. Research
titled “Sistem Pakar Diagnosa Penyakit Tanaman Padi
Berbasis Web dengan Forward dan Backward Chaining”,
also had same thing by using forward chaining for
inference engine, but with difference of object and method
[6]. Research titled “The Analysis of Comparison of
Expert System of Diagnosing Dog Disease by Certainty
Factor Method and Dempster-Shafer Method”, also had
same thing by using certainty factor method, while this
research developed by applying fuzzy logic method and
certainty factor method with object dental and oral
diseases[7]. Research titled “Fuzzy Knowledge-based
System with Uncertainty for Tropical Infectious Disease
Diagnosis”, also had same thing by using the same method,
but with difference object [8].
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This research, developed application can diagnose of
dental and oral disease with fuzzy logic method and
certainty factor method. Development Expert System for
Dental and Oral Disease, hopefully can assist people
because can be anywhere and anytime access.
Development Expert System for Dental and Oral Disease,

so there facilities explanatory and knowledge improvement.

Knowledge improvement could assist expert for done
insert, update and delete data diseases so that the system
remains accurate and up to date.

2. Methodology

Methodology discusses about steps in acquisition of
knowledge where it will be used in this paper Expert
System for Dental and Oral Diseases, and to discuss the
appropriate method to diagnose this paper related to the
also frequently occured problems by the users.

2.1 Expert System Architecture

Expert system architecture discribes features to develop
the expert system. Expert system architecture can be seen
in the Figure 1.

Consultation Environment
0 Development Environment

| Facilities
Explanatory

User
Consultation
Data

|
]

User Interface Inference Engine

Knowledge
based of Expert
System

0
Management of t
— « Knowledge 1
Database

Admin/Expert

Fig. 1 Expert system architecture.

Expert system architecture in the Fig. 1 is a general
description of the expert system. Expert system
architecture consists of admin and user. The facilities of
the expert system, such as: user interface, facilities
explanatory, data consultation data, inferences engine,
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Expert system knowledge base, and management of
knowledge database [9-10].
a. User interface is a view that is used for communication

between systems and users of the expert system.

b. Facilities explanatory is a module that can provide
information to the user about the direction of reasoning
in order to get the desired result.

c. Consultation data is a module that can provide
information on the consultations that have been carried
out.

d. Inferences engine is a computer program that provides
the methodology of reasoning about the information to
the knowledge base and the workplace memory, as well
as to formulate conclusions.

e. Expert system knowledge base is a collection of
knowledge in a particular field for understanding,
formulation and problem resolution that is composed of
two elements of facts and rules.

f. Management of knowledge database is a module to
create, to update, and to delete a process of
accumulation, transfer and transformation of skills /
expertise based sources of knowledge to solve problems
in a computer program. Management of  knowledge
database can knowledge acquisition from the expert
with 27 symptom and 9 diseases [11-12].

2.1 Diagnose Method

Diagnose method is the method to using for total
persentage certainty system from diseases, such as: fuzzy
logic method and certainty factor method. Fuzzy logic
method has high and low limit values specified.
Afterwards. The values specified from the former method
will be processed through Certainty factor method in order
to obtain the value of user Certainty Factor. The Certainty
Factor also in order to obtain the value of expert certainty
factor specified.

2.2.1. Fuzzy Logic Method

Membership function is discribe by a curve which presents
description of the insert data into membership values
which has the interval between 0 and 1. Value of
membership has multiple functions [13-14]. Those
functions are determined as follows.

a. Membership Function of Fever

Membership function of fever including the symptoms of
fever. Fever is an increase in body temperature like normal
human body temperature in the interval 35°C — 37°C. The
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b. Membership Function of Except Fever

Membership function of except fever are otherwise normal
if it is in the interval 0-40. The set of fuzzy on the
membership function of except fever has interval, such as:

set of fuzzy on the membership function of fever has
interval, such as: Table 1 and membership curve in Fig. 2.

Table 1: Membership Function of Fever

Variabel Input Interval Fuzzy Set Table 2 and membership curve in Fig. 3.
<36 Not Sure Table 2: Membership Function of Except Fever
i Variabel Input Interval Fuzzy Set
Membership 3537 Sure P y
Function of Fever
0-40 Not Sure
36— 42 Very Sure Membership
Function of 30-70 Sure
Except Fever
Classification Membership function of fever in Table 1 is 60 — 100 Very Sure
a classification based on the value of the interval that has a

fuzzy set. The interval value can be illustrated in Fig. 2.

Membership Curve of Fever

Value of
membership

px) Not Sure
Sure Very Sure

35 37 37.537.75 3838.5 42

Fig. 2 Membership curve of fever.

Fig. 2 is membership curve of fever with value of
membership O until 1 in the range of 35 until 42 for the
data input. Based on the membership curve, then the
membership function as follows.

#J'n’:lt.ﬂ'we [.‘X.'j =
1, x =35

375X 35 = x < 375
37.5—-35

0, x = 375

(1)
0:ix =37 orx =383
x—37

37+3.75
3Bo-x

385-3.75
L37a=x (2)

37 =x = 3770
.uSure(xj =
3775 = x =385

0, x= 38
42 —x

42 — EEFJ
= 42
1, x L (3)

Hyery surs(2) = 38 = x =42

Classification Membership function of except fever in
Table 2 is a classification based on the value of the
interval that has a fuzzy set. The interval value can be
illustrated in Fig. 3.

Membership Curve of Except Fever

Value of
membership
B (x)
Sure Very Sure
Noti Sure
00 30 40 50 60 70 100

Fig. 3 Membership curve of except fever.

Fig. 3 is curve of membership curve of except fever with
value of membership 0 until 1 and membership curve of
except fever is 0 until 100 for the data input. Based on the
membership curve, then the membership function as

follows.
1;x=10
40 —x
wreh) Sy — 10 = x =
.“Nu-rs.;.r'_{-rj 20 —10 10 =x <40

El:xz 40 (4)

0:x =30 atau x = 70
x—30

30 — 30
Bsure () = 70 —x

70— 30
1;50 = x (5)

p30 = x = 30

0= x =70
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ﬁé ix = 100 CF (Ee) : Certainty factor symptoms (E) that are
_J*- ffected by the symptoms (e).
byery sure (8) = { ———160 < x < 100 artect .
Ty sure 100 - 60 * CF (He): Certainty factor hypothesis (H) that are
0;x = 60

(6)

Defuzzification is the last step in the fuzzy logic system
where the aim is to convert every inference engine results
expressed in the form of fuzzy sets into real numbers.
Defuzzification process is done by using the
defuzzification method, to sum up the average weight the
equation is as follows [9], [13].

I wiz
FinalResult = —5——
L (@)
N, : Total (Sum) i consist of 1 to the N.
w : Variables that symbolizes weight. Value w

obtained from function min is
wi = Min ((x], {J-']) from weight user.

z . Variable that symbolizes decisions. value z
obtained from weight expert.

2.2.2. Certainty Factor Method

Certainty Factor proposed by Shortliffe and Buchanan in
1975 to accommodate the uncertainty of thought (inexact
reasoning) of an expert. This theory evolved
simultaneously with the creation of the expert system
MYCIN. MYCIN development team noted that doctors
often analyze the existing information by expressions such
as: maybe, probably, almost certainly, and so forth.
MYCIN team using certainty factor to accommodate the
expert in order to describe the level of certainty to the
problems being faced [13],[15-16]. The level of certainty
by the experts defined by utilizing Certainty Factor as
follows.

CF(H.E)=MB(H,E) —MD(H,E) (8)
CF(H,E) : Certainty factor hypothesis (H) that is affected
by symptoms (E).
MB(H,E) : The level of certainty in the hypothesis (H)
that is affected by the symptoms of (E).

MD(H,E) : The level of uncertainty in the hypothesis (H)
that is affected by the symptoms of (E).

Basic formula of Certainty Factor in the form of a rule if E
then H [13], [15-16], as follows.

CF(H,s) = CF(E,e) =« CF(H,E) ©)
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affected by the symptoms (e).

CF (H,E) : Certainty factor hypothesis (H) assuming
symptoms that are exactly known, when
CF (Ee)=1.

Certainty Factor formula for some rules that lead to the
same disease can be written as follows [10],[15-16].

CF{H) = {CF{H, el + CF(H) [_i‘j} - {CF(H, &) = CF(H)ip ]‘ (10)

CF (H,e) : Certainty factor hypothesis (H) that are
affected by the symptoms (e).

CF (H) . Certainty factor hypothesis (diseases).

i : Consist of first data until the N data.

J : Consist of zero data until the N data.

3. Experiment and Result

Experiment and results are the outcome of testing of the
developed system. Testing Expert System for Dental and
Oral Diseases using Fuzzy Logic Method and Certainty
Factor Method to get the results, so it can be used to
analyze the accuracy of Expert System for Dental and Oral
Diseases.

3.1 Experiment

Fig. 4 is a test of Expert System for Dental and Oral
Diseases using Fuzzy Logic Method and Certainty Factor
Method with a question containing the fuzzy of body
temperature users. Answer input of body temperature is
body temperature values of users in consultation.

Questions - What your body temperature at time of consulting?

Informeation: Normal body temperature s etween 35 degrees Celsius o 37 degreas Celsis

Answer

Fig. 4 Testing questions with fuzzy.
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Fig. 5 is a test of Expert System for Dental and Oral
Diseases using Fuzzy Logic Method and Certainty Factor
Method with a question containing the certainty level of
users. The certainty level of users obtain input values 0
until 100 based on certainty level, such as: not sure, sure
and very sure.

https://doi.org/10.20943/01201703.2230

Question  : Do you experience dental sensitive when exposed to cold air

today?

Information : Conditions toothache when expesed to cold air that you experience
passable hurt, then slide the button above the word "Sure”. Conditions toothache
when exposed to cold air that you experience very sore, then slide the button above
the word "Very sure". The conditions were not experiencing tooth pain when
exposed to cold air, then slide the button above the word "Not sure".

8 T B—————
Certainty @ 67 .

Factor

Not Sure Very
Sure Sure

Fig. 5 Testing questions with certainty level.

Fig. 6 is a test of Expert System for Dental and Oral
Diseases using Fuzzy Logic Method and Certainty Factor
Method with crips symptom of users. Answer input of
users, such as fig. 6 is answer “yes” or “no” and the values
of “yes” is 100, while the values of “no” is 0 in
consultation.

Question : Do you experience dental caries at time of consulting?
Information : If you have a condition like on the picture below select "Yes", if not
experience select "No".

Image

Answer Ll

Fig. 6 Testing questions with image.
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Application of Fuzzy Logic Method and Certainty Factor

Method explained as follows.

a. Determine the degree of certainty of experts related to
fraktur dental disease symptoms associated with using
formulas 8, so they can get the Certainty Factor of
experts, such as.

CF (sensitive teeth when exposed to cold air) =

04-02=0,2
CF(tooth ache) =0,5—-02 =0,3

CF (sensitive teeth) = 0,8 — 0,2 = 0,6.

CF(gum pain when chewing or brushing teeth) =

06—-02=04

b. The value of the certainty degree the symptoms
obtained by using the formula 1-6 in Figure 2 or Figure
3 on Expert System for Dental and Oral Disease as
follows.
70 - 5167
Usensitive testh when exposed to cold cir(SUJ?U = [ﬂn 051,67 = ?U} =092

70 — 54,00
Brooeh nrhe{sium = [ ?—U ~ 30 +50 =< 54,00 < ?U} = 0,80.

M sensitive testh {1[][]:] = {1 1100 = ?U} =1

U gum pain when chewing or brushing testh (55*33) [ 7

33
2 190 5400 = ?U} =073,

Table 3 show that performance as the result of
comparation
Table 3: Fuzzification

2017 International Journal of Computer Science Issues

Questions Answer | CF_User | Fuzzy
Do you experience
dental pain when eat 0 1 Not
or drink hot or cold sure
from one week ago?
Do you experience
halitosis at time of | No 1 ;{Jergy
consulting?
Do you experience
sensitive teeth No 1 Not
suddenly without any sure
stimulation?
Do you experience
dental sensitive Whe_n 5167 0,02 Sure
exposed to cold air
today?
Do your gums feel
pain Whllg chewing 55.33 0.73 Sure
or brushing your
teeth?

1JCSI
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Do you have swollen of consulting?
d redness at | 0 1 Not
gums fan relpesi a sure Do your gums bleed Not
time of consulting? when brushing your | No 1 sure
Pot ri/ou feelf the itch N . Not teeth today?
\I/Ceekeag(l;’r? rom one | No sure Do you experience Not
go: : stomatitis at time of | 0 1 sure
'ILDOt YOUt eiperlenci N . Not consulting?
ar arl a ) Ime ot | NO sure Does your mouth feel Not
consulting? pain at time of |0 1
Do you have a consulting? sure
toothache until | 52,00 0,90 Sure
i ia? .
glsomnla. - ¢. Results of certainty factor of experts has the same value
dO 3|/°” eﬁperlence Not with zi because zi is the value of the weight of an
lenta fseem Iopge; at| 0 1 sure experts decision. Value weight of an expert (zi) and
time of consulting value weight of a user (wi) can be followed by
Do you have your | - 1 Not defuzzification Formula 7. The results obtained, as
teeth dark or black? sure follows.
Do your teeth loose? | No 1 Not R (0.92502) +(080+0.3) + (1+06) +(0.73+04) L6
sure 02403406404 15
Do you fell teeth ache
Not
one week ago, but [ No 1
now it is gone? sure d. Results of defuzzification between an expert and a user,
Do your teeth ache at £4.00 0.80 S namely _ 0,3773. The res_ults obtained from the
time of consulting? ' ' ure defu22|f|<_:at|o.n continue to find value of certainty factor
Do your teeth are hypothesis (disease) of each symptom using t_he formula
sensitive without any Ves . Very 9. So, thg regults of t_he- calculation of Certainty Factor
stimulation at time of sure hypothesis (disease), i.e:
consulting? € Feensitive teeth when exposed tocold air = 0,8773 =
Do you have abscess | \ 1 Not 0.2 = 01735
at your gum? sure CFroorh ache = 0.8773 = 0.3 = 0.2632
Do your mouth there CFonsitive tesen, = 0.8773 = 0.6 = 0.3264
is a wound that is blg No 1 Not CFGM. pain when chewing or brushing testh — 0.8773 =0.4= 0331
enough at time of sure '
consulting? e. The final results of the Expert System for Dental and
Do you have your 0 1 Not Oral Diseases by using Formula 10. So, the results of the
mouth abscess? sure calculation some rules that lead to the same disease, i.e:
Do .have you no No 1 Not C Foensitive testh when exposed tocold sir = (0,175 +0) - (0,1755 £ 0) = 0,1755
appetite? sure CFronh ache = (0,2632 +0,1755) - (0,2632 = 0,1755) = 0,3925
Do your mouth sores Not CEansitive teech, = (0,9264 +0,3925) - (0,5264 = 0,3925) = 0,7123
spread at time of | No 1 sure CPoum pain e cheing or raghing teern = (0,351 4 07123) - (0,351 +0,7123) = 0,81
consulting?
Does your mouth feel Not The final result of the Expert System for Dental and Oral
dry ﬁ}t time of [ No 1 sure Diseases is 0,81 or 81 percent for the diagnosis result of
consulting? fraktur dental diseases. Overall final result is in Fig. 6.
Do your saliva Not
thicker than usual at | No 1
. : sure
time of consulting?
What  your  body Not
temperature at time of | 36 0,6
. sure
consulting?
Do you experience Not
. . No 1
dental caries at time sure
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Final Result ¥¥ | Result of Dingnosis Expert;

Average Expert = m (1)

ot Dl ofes Average Expert: The average yield of expert in each

Solution + Immediatelyto the dentist for medical treatment. case.

TN | Result of Diagnosis Expert;: The total amount of
Pulpitis Imeversible . 8%
the percentage of
Solution  Control immediately to the dentist to prevent the occurrence of pulp necrosis disease in each case.

PupitsRereble  : 2% N : The total number of diseases in each case.

Solution © Immediately to the dentist to perform the treatment in order to prevent Ireversible Pulpitis The formula to determine the average value in each case

the user as follows.

Fig. 6 Final result. L Result of Diagnosis Usen
Average User = v (12)

Average User: The average yield of user in each case.

Fig. 7 is the system will not find of dental and oral
diseases, if the user answered "not sure” or "no" with a
normal body temperature on each question. T, Result of Diagnosis User; : The total amount of

the percentage of

Flnal ReSU lt disease in each case.
N : The total number of diseases in each case.

You do not experience any illness
The formula to Determine the results of the comparison
done by an expert and a user in each case as follows.

llAverage Expert;—Average User;ll

Defference = +=100% (13)

Aperage Expert;

Di : i i
Fig. 7 No diseases found, fference The average yield of the difference

between the results of the average
3.2, Accuracy expert in each case with the results of

the average user in each case by
Function of accuracy is to make sure the diagnosis is based

on the performance of the system carried out by experts
with multiple users. Accuracy is done using the method of Average Expert : The results of the average expert in
verification. Verification method is a similarity search
method of diagnosis based on expert data with user data on
the system. Accuracy results can indicate the degree of Average User : The results of the average user in each
similarity Expert System Diagnosis of Dental and Oral
Diseases developed with expert. Accuracy testing by an
expert, namely a dentist, conducted by testing as many as
10 different cases. Table 4: Accuracy

Case | Expert (%) User (%) Difference (%)

absolute value.

each case.

case.

The average diagnosis percentage of each case then
calculation based on experts and user for each case tested. 1 90,5 91 0,55
The formula to determine the average value in each case 2 65 66 1,53
obtained by the results expert as follows. 3 78 69.8 10,51
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[2] A. M. A. K. Parewe, and W. F. Mahmudy, “Dental Disease

4 63,5 66 3,94 Identification Using Fuzzy Inference System”. Journal of

5 62,67 67,67 7,98 Environmental Engineering & Sustainable Technology,
Vol. 03, No. 01, 2016, pp. 33-41.

6 52,5 47,5 9,52 [3] A. Makarios, and M. I. Prasetiyowati, “Rancang Bangun

7 54,8 56,6 3,28 Sistem Pakar untuk Diagnosis Penyakit Mulut dan Gigi

8 735 77 476 gerzlgir; Metode Fuzzy Logic”, ULTIMATICS, Vol. 4, No.

9 73 81,5 11,64 [4] R. A. Herlambang, “Sistem Pakar Mendiagnosa Penyakit

10 0 0 0 Infeksi Gigi dan Mulut pada Manusia Menggunakan
Metode Certainty Factor”, 2013.

Average of Defference 5,37 [5] 1. P.B. Krisnawan, I. K. G. D Putra, and I. P. A. Bayupati,

Accuracy in Table 4 is a table that shows the accuracy of
Expert System of Dental and Oral Disease with Fuzzy and
Certainty Factor. Comparison of the results obtained from
the difference between the user diagnosis with the expert
diagnosis in each different case to obtain comparative
results of Expert System of Dental and Oral Disease with
Fuzzy and Certainty Factor in each case. The performance
of the Expert System of Dental and Oral Disease with
Fuzzy and Certainty Factor is the difference between the
percentage of the average yield of the whole comparison of
diagnosis dental and oral diseases, with the formula
Accuracy = 100% — Dif ference (14). The results of
the  calculation  formula is 14, which s
Accuracy = 100% — 3.37% = 94.627% so the accuracy
of Expert System Diagnosis of Oral and Dental Diseases is
94,627 percent.

4. Conclusions

Expert System of Dental and Oral Disease with Fuzzy and
Certainty Factor done by applying two methods: Method
of Fuzzy Logic and Method of Certainty Factor. The inputs
of user are crips and fuzzy value to handle fuzziness of
symptoms. Fuzzy Logic method is used to get the value of
the user's trust, while Certainty Factor method serves to
obtain a diagnosis. So, the performance of Expert System
for Dental and Oral Disease Diagnosis using Fuzzy Logic
Method and Certainty Factor Method has an accuracy of
94,627%. The accuracy of the results obtained from the
comparison data entered experts with data from all users.
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