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Abstract—This study was conducted to solve the problem of classifying dental diseases such as pulpitis, gingivitis, periodontitis
and advanced periodontitis. The method in this study uses a combination of algorithms with a multilayer system where in the first
layer a fuzzy inference will be carried out whether a patient is suffering from pulpitis. Early symptoms of pulpitis are characterized
by pain with varying levels. Meanwhile, in the second layer a fuzzy inference process will also be carried out to identify other types
of dental diseases, but in this second layer the centroid value calculation process is carried out using the K-means algorithm for all
input variables. Then the inference process will run to determine the type of disease suffered by the patient following the fuzzy set
of other types of diseases. This study is expected to contribute to helping the initial screening process for dental diseases so that it
is easier for dentists to carry out further examinations. The results of this study have been proven to be able to help doctors in
conducting initial screening to determine dental disease. In this study, the multilayer system is intended to differentiate the results
of dental disease classification because pulpitis does not have a relationship between input variables and other types of dental
disease. Meanwhile, the use of the fuzzy inference system method in this study showed good results because the FIS method can
map the level of pain suffered by a patient with mild, moderate and severe levels into a numeric value that can be classified where
the level of pain is a feeling that cannot be calculated, by using the fuzzy method, the linguistic value can be defined into a
conclusion. Grouping input values by finding the means value in the second layer and combined with the fuzzy method has been
proven to provide good results for determining the type of dental disease.
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1. INTRODUCTION

In the field of oral health, errors often occur during the initial screening of patients [1], [2]. This error occurs because
a patient who cannot describe well about the pain he is suffering causes a doctor's mistake in performing anesthesia
to endanger the patient [3]. For this reason, a numerical system is needed that can map and calculate several attributes
felt by a dental patient to produce a conclusion about the disease suffered so that it makes it easier for a doctor to take
further action against the patient [4].

One method that is widely used in expert systems such as in the case of initial screening of disease symptoms
experienced by patients is to use fuzzy methods [5], [6], [7]. The fuzzy method is an algorithm that can perform
calculations on linguistic data that has no certainty into a numerical series that can be calculated so that the data can
be classified into new data [8], [9], [10]. The ability of the fuzzy method to classify linguistic variables based on their
increments is what makes the reason for some researchers to apply this method in the health sector, especially to
conduct initial screening to find out the symptoms experienced by a patient.

The fuzzy inference system (FIS) method can be used to draw conclusions based on a set of fuzzy rules [11],
[12], [13]. The intended fuzzy rules are FIS input and FIS output [14], [15]. In the case of initial screening of dental
patients, FIS input can be made by dividing several parts of the pain group into 3 conditions, where the intended
conditions are for the level of pain with mild, moderate to severe pain levels, the assessment of the level of pain can
be given by subjective assessment by a patient based on a range of values that have been mapped to the fuzzy method
following several attributes that will be classified to produce a conclusion on the type of disease suffered.

In its application, the FIS method has weaknesses such as not being able to recognize a problem that has not
previously been taught in the knowlage base of the system being built. This weakness makes a system that uses the
FIS method must have a lot of training data so that the system has a high level of accuracy in making conclusions
about the type of disease suffered by a patient. The amount of training data needed has a negative impact on the
computational process because the more rule bases used, the more calculations will be processed until it takes a very
long time and high memaory capacity in one time processing data to produce a conclusion [16], [17], [18], [19].

The development of fuzzy inference systems can be seen from research conducted by [20] on fuzzy inference
systems using multilayer. In this study, the multilayer system is divided into two layers where in the first layer all
input data will be processed to identify whether the input characteristics entered into the system that has been created
are the characteristics of a person who has the potential to develop kidney cancer, if the results of fuzzy inference in
the first layer show that a patient has the potential to develop kidney cancer, the system will continue to perform
calculations on layer two to classify the stage level of kidney cancer received. Broadly speaking, this system saves
computing time in the identification process, the system will stop working if the layer 1 fuzzy inference calculation
does not show a sign of a patient who has the potential for kidney cancer. The multilayer system in this study saves a
lot of time to perform classification and immediately stops performing calculations if the statement in layer 1 is not
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fulfilled, but the fuzzy inference system used in this study still uses traditional fuzzy inference methods without any
modification or additional complexity so that there is still a high chance that the system will make mistakes when
classifying if the test data is data that has not previously been recognized by the test data due to the If-Then fuzzy rule
base which can only conclude a problem if the if statement is fulfilled.

Another study was conducted by [21] on the comparison of K-Means and Fuzzy C-Means (FCM) methods.
The results of this study indicate that FCM has better performance when compared to KM in performing classification
with more balanced nodes. The FCM method can be used to determine the cluster center, calculate the objective
function and calculate the change of each partition matrix. Iteration stops if the conditions are met, after which the
cluster center is obtained. The cluster center will be used to calculate the distance between data elements to obtain
rankings. Calculation of the distance between cluster centers and ranked data elements cannot always provide the right
conclusion if this method is used in several classifications in expert systems, the influence of the rule base determines
what kind of method should be used to get more optimal results during the classification process [22], [23], [24].

In this study, the classification of dental diseases will be carried out using a multilayer system where the first
layer will be classified using the FIS method to determine only one type of dental disease, if the dental disease with
the expected target output is not found in the first layer then the second layer will be classified by applying the FIS
method where the value of the membership function is obtained by applying the K-Means rule by determining the
average value of the cluster of each type of dental disease in the training data. The difference between this research
and previous research is that in previous studies the cluster center obtained will be used as a measure of the proximity
of the distance of the data elements to the value to be tested by calculating the euclidien distance and then ranking,
where the distance with the closest ranking will be classified as the expected output, but in this study the results of the
cluster center in the second layer will be used for membership degrees during the fuzzification process and then fuzzy
inference is carried out to determine the dental disease suffered by a patient [25], [26]. The use of the K-Means method
in the FIS membership degree can simplify the input that will be classified in the fuzzy inference system [27], [28],
[29].

2. RESEARCH METHODOLOGY
2.1 Research Methods

In this research, two stages of research methodology were carried out, namely by conducting literature studies and
research analysis. The intended literature study is related to data collection and research material sources. Where the
data intended is sourced from an expert, previous research journals, books, articles and several other references whose
data is used as material for consideration in the preparation of this research.

Meanwhile, the analysis stage in this research is carried out by paying attention to the input and output that
will be generated from the planned algorithm, the input in this study is the level of pain felt by a patient based on
several supporting attributes. The input in this study will be analyzed and compared with methods that can be used to
build expert systems. The results of this study will be analyzed whether it can be used in real life and can be used as
an expert system in accordance with the objectives built in this study.

2.2 Research Data

In this study, the data used is data sourced from an expert in the field of oral health and some data obtained from
previous researchers' journals on the classification of dental diseases using the fuzzy infence system method.

2.3 Research Stages

The research stages are the flow of research activities that will be carried out by the author in completing this research
process. The picture of the stages of this research can be seen in Figure 1 below:

Identification of Problems
@
Data Collection
9
Implementation of Algorithm
@
Testing
¥
Conclusion
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Figure 1. Research Stages

Figure 1 above shows that the stages of this research use 5 (five) processes to get the results of this research as
a whole. In the first stage, the author conducts a problem identification process, where at this stage the author analyzes
the topic of the problem to be solved using the algorithm offered in this study. In the second stage, the author conducted
a data collection process related to the research topic being studied using literature study techniques. The data sources
used in this data collection process are the results of previous research that have been published through old national
journals and international journals. In the third stage, the author implements the algorithm offered in this study in
accordance with the formula that has been determined in the algorithm. In the fourth stage, the author tests the results
of the algorithm implementation process that has been carried out in order to produce update information after the
implementation stage of the algorithm offered in this study. Then in the last stage, the author draws conclusions as the
final result of this research.

2.4 Implementation of Algorithm

This study uses 2 layers with separate FIS systems were used to identify disease. In the first layer, fuzzy inference
will be carried out to detect whether a patient is suffering from pulpitis, where the initial symptoms of pulpitis are
characterized by pain with varying levels. Meanwhile, in the second layer, a fuzzy inference process will also be
carried out to identify other types of dental disease. Table 1 below is the expected variable output from each layer.

Table 1. Layer 1 and Layer 2 Variable Output

No Layer Output Variabel Semantic Sign
. Yes
1. Layer 1 Pulpitis No
R Yes
Gingivitis No
2. Layer 2 Periodontitis YN%S
Advance Yes
Periodontitis No

There are 8 input variables that will be used to carry out the classification including plaque (X1), inflamed
gums (X2), pain (X3), red gums (X4), swollen gums (X5), gums that bleed easily (X6), bad breath. (X7) and Loose
Teeth (X8).

The flowchart of the system that will be created is where in the first layer, 3 input attributes will be used
including Plaque (X1), Inflamed Gums (X2), and Pain (X3). In the first layer, a fuzzy inference process will be carried
out as to whether the existing input is included in the pulpitis disease group. If the inference results state that the
symptoms experienced by the patient are included in the pulpitis disease group, the system will display that pulpitis
disease has been identified. However, if the input data obtained does not identify pulpitis, the system will continue to
second layer.

In second layer, additional symptom input will be entered such as, Red Gums (X4), Swollen Gums (X5),
Bleeding Gums (X6), Bad Breath (X7) and Loose Teeth (X8). In the second layer, the input obtained will be calculated
by an algorithm using the K-Means method to determine the centroid value of the data that has been input. Then the
value will be calculated using a fuzzy inference machine to classify whether the value that has been entered is included
in the type of disease, gingivitis, periodontitis or advanced periodontitis.

The flowchart of the system to be built is depicted in the image below.
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Figure 2. Algorithm Flowchart
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Each input variable has a value based on the level of pain ranging from mild, moderate and severe. These three
levels of pain will be given a value so that they can be calculated systematically using fuzzy sets.

A linguistic thing such as the word "light" certainly does not have a definite mathematical value, therefore
according to the fuzzy principle the value of each category will be given a value with a certain distance. In this
discussion, the light category is determined with a range of values ranging from 0-30. The moderate category is at a
value of 30-60, the severe category is at a value of 60-90.

After determining the distance values for each category, a fuzzy set can be depicted in the first input layer,
namely the set of plaque, inflamed gums and pain layers as in the image below.

plot points: 181

ip function plots
T

Ringan Sedang Parah

I bl 1

input variable "Gusi_Meradang"

Figure 3. Set Layer 1 Inflamed Gums

Degree of membership of the Plaque Variable Set:

1;x <30

Ri (x) = 0-X 30 <x <40

U Ringan (x) = 20382’ x
0;x > 40

For the light category, it will be worth 1 if the x value is smaller than 30, if the x value is between 30 and 40
then the formula 40 minus the x value applies then the value will be divided by subtracting 40 minus 30. If the x value
is greater than 40 then the input value is included in the set with the value 0.

0;x <30ataux =70

*730 30 <x <40
5 X
_Ja0=30
u Sedang (x) = 70_x.60< o
70—60" - =%
1,40 < x <60

In the medium category, the input value will be in data group 0 if the value of x is smaller, equals 30 or X is
greater, equals 70. If the value of x is between 30 and 40 then the formula x minus 30 divided by 40 minus 30 applies.
has a value between 60 and 70, then the formula 70 is applied minus the x value, then the results are divided by
subtracting between 70 minus 60. If the x value is between 40 and 60 then it will be included in a group with a
membership degree value of 1.

1;,x =270
x — 60
Parah (x) =< ——:
7 () =4 25—55:60 <x <70
0;x <60

In the group of variables with severe linguistic values, it can be seen that if the x value is greater than 70 then
the data falls into a group with a membership degree value of 1. If the input x value is between 60 and 70 then the
formula applies x minus 60 is divided by the result of the subtraction between 70 and 60. If the value of x is less than
60 then the membership degree value is 0. These three formulas also apply to other input variables like plaque (X1),
inflamed gums (X2), pain (X3) in the first layer.

The second layer membership function is created by finding the average value of the existing training data.
The centroid value obtained from this data will later be used as a fuzzy membership function range value for each
disease in the second layer such as gingivitis, periodontitis and advanced periodontitis. In the second layer of training
data, patient data with signs of pain (X3) are not used because the three diseases in the second layer are not related at
all to pain. The following is the training data used.
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Table 2. Dataset Second Layer

No. Data Expert Predictions
X1 X2 X4 X5 X6 X7 X8
1 40 45 45 50 55 10 10 gingvitis
2 40 50 50 50 55 55 25 periodontitis
3 35 75 40 45 40 40 40 periodontitis
4 40 75 55 50 55 40 35 periodontitis
5 45 45 45 45 45 45 3H periodontitis
6 65 65 70 45 45 35 35 advance periodontitis
7 75 55 55 45 45 40 40 advance periodontitis
8 55 55 50 50 50 50 40 periodontitis
9 75 70 55 50 40 40 35 advance periodontitis
10 30 30 25 20 20 10 10 periodontitis
11 55 65 45 45 45 35 10 gingvitis

12 80 75 60 50 50 35 35 advance periodontitis
13 8 80 70 60 55 45 45 advance periodontitis

14 43 55 37 45 52 13 17 gingvitis
15 44 60 29 32 50 40 15 gingvitis
16 50 43 29 44 42 32 10 gingvitis
17 62 50 55 63 54 32 34 periodontitis
18 43 47 62 46 51 37 45 periodontitis

19 75 68 72 80 69 40 82 advance periodontitis
20 86 61 68 50 52 43 84 advance periodontitis
21 72 52 60 75 79 52 79 advance periodontitis

In this research, the average value will be calculated from the results of the dataset grouping, then the centroid
value will be used as a reference for the fuzzy set in the second layer. The data below is the average value of each

disease cluster in the training data.

. f . X 40+ 45+ 45+ 50+ 55 ..+ 10
Gingivitis: yI oA AT 0Tt 10 -38,2
n 35
. .. X 40 + 50+ 50 + 50 + 55 ...+ 45
Periodontitis: y X0 20+ 50+ 50+ 50455 ¥ 20 44,125
n 49
. . X 65+ 65+ 70 + 45 + 45 ...+ 79
Advance Periodontitis: »l= rosr oA *7° =59

n 56

Based on the centroid values obtained, the fuzzy set graph for each disease is as follows.

ot poins: 15
Membership function plots
T

Gingiviis Periodontitis Advance_Periodontitis

ST

input variable "Gejala_Penyakit"

Gambar 4. Layer 2 Fuzzy Set
The degree of membership of the layer 2 fuzzy set is as follows:
1;x <382

Gingivitis () = 207* 382 <x <40

40-38,2
0;x =40
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0;x <38ataux =60
*73% .38 < x < 40

40-38
097% .59 < x < 60
1;41 < x <56

Periodontitis (x) =

60—-59

1;x =59
X257 .57 < x < 60
60—-57

0;x <57

Advance Periodontitis =

In the second layer the degree of membership for gingivitis is shown in equation 19 where the input value will
be 1 if x is smaller than 38.2. If the x value is between 38.2 and 40 then the formula applies 40 minus the x value then
the calculation results will be distributed by the difference between 40 and 38.2. If the input value is greater than 40
then the membership degree is 0 and this can be confirmed that the input value does not represent gingivitis.

For the periodontitis disease group, it is shown in the 20th equation where the x value will be 0 or an input
value is declared not to be periodontitis if the x value is smaller than 38 and greater than 60. If the x value is between
38 and 40 then the formula applies , x minus 38 is divided by the difference between 40 and 38. If the x value is
between 59 and 60 then the formula applies, x minus 59 is divided by the difference between 60 and 59, and finally
the x value will be declared as periodontitis if the x value is between 41 and 56.

In the Advanced Periodontitis disease group, if the x value is above 59, then it can be ascertained that the value
is in the periodontitis disease group. If the x value is between 57 and 60 then the formula applies, x minus 57 divided
by the difference between 60 and 57, and the disease is not included. advanced periodontitis group if the x value was
smaller than 57.

3. RESULT AND DISCUSSION
3.1 Result

This research was carried out by testing patients who came from the Harun Dental Clinic, Desa Kampung Lalang,
Kecamatan Medang Deras, Kabupaten Batubara, North Sumatra Province. Testing was carried out 15 times from 15
dental patients who visited the clinic. The test results display the entire algorithm for testing the system that has been
created.

Table 3. Test Result

No. X1 X2 X3 X4 X5 X6 X7 X8 Expert Predictions System Results

1 20 20 89 50 20 20 20 3 Pulpitis Pulpitis

2 20 20 44 75 10 10 10 5 Pulpitis Pulpitis

3 25 25 55 70 28 27 26 10 Pulpitis Pulpitis

4 15 15 69 65 20 20 20 20 Pulpitis Pulpitis

5 34 55 5 27 10 10 20 10 Gingivitis Gingivitis

6 40 45 45 45 50 55 10 15 Gingivitis Gingivitis

7 70 20 20 50 50 55 55 43 Periodontitis Periodontitis

8 12 23 79 20 20 20 20 10 Pulpitis Pulpitis

9 62 75 65 55 50 59 60 70 Advance Periodontitis  Advance Periodontitis
10 40 32 20 33 40 42 30 20 Gingivitis Gingivitis

11 10 19 37 25 41 30 20 10 Pulpitis Pulpitis

12 90 80 70 86 67 89 62 70 Advance Periodontitis  Advance Periodontitis
13 28 45 20 25 30 26 10 5 Gingivitis Gingivitis

14 34 37 38 45 50 50 10 10 Gingivitis Gingivitis

15 75 70 60 55 69 78 50 70 Advance Periodontitis Advance Periodontitis

Based on the test results above, it can be seen that the test results that have been carried out 15 times on the
symptoms of dental disease show very good results with the frequency of pulpitis disease tested as many as 6
symptoms, gingivitis disease as many as 5 symptoms, periodontitis disease as many as 2 symptoms and advance
periodontitis disease as many as 2 symptoms.
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Below is shown a graph of the test results by comparing the results of expert predictions with the classification
results carried out by the system by applying a multi layer fuzzy inference system by adding the k-means method to
the input and fuzzy set in the second layer as shown in the figure below.

Graph of Testing Results

IS

w

N

[N

: H

Pulpitis Gingivitis Periodontitis Advance Periodontitis

M Expert Prediction System Classification

Figure 5. Graph of Testing Results

In graph 5 above shows that the tests that have been carried out show very good results where expert predictions
on each type of disease can be done well by the system with the following percentage.

% Accuracy = Total Corresponding Tests x 100%
Total Test Data

% Accuracy = 15 x 100% = 100%
15

From the results of the percentage calculation above, 15 tests have been carried out and data that is in
accordance with expert predictions as many as 15 tests have not found results that are different from expert predictions
so that in this test it is stated that the accuracy of the designed system is 100%.

3.2 Discussion

This research uses 21 training data from experts then the training data is processed following fuzzy rules with a
multilayer system so that it becomes 13 fuzzy rules, where the first layer uses 10 rule bases and the second layer uses
3 rule bases.

In the first layer, the expected output target is only to determine whether the symptoms experienced by the
patient are included in the pulpitis disease group or not, if the symptoms suffered by a patient are included in pulpitis
disease, then the system will stop the classification process and display the results that the disease suffered is pulpitis
disease, but if the symptoms classified are not included in the set of pulpitis diseases then the system will continue to
perform calculations towards the second layer.

In the second layer, the centroid data value of the test data will be searched where the results obtained will be
tested in the fuzzy set graph, where previously the determination of the value on the fuzzy graph was also calculated
for the centroid value, the results of calculating the centroid value of the training data are then presented in the fuzzy
set graph in the second layer. After testing 15 times, the results were obtained with a very good accuracy value. The
use of multilayer in this expert system fuzzy inference system is very efficient because it can eliminate readings with
high ambiguity values, if the multilayer system is not applied, there will be system errors in classifying pulpitis and
gingivitis diseases due to numerical value factors or data proximity that is not far apart between the two types of
diseases so it is very possible for system errors to occur in classification, with the multilayer system, the expert system
can run well and provide very high accuracy values.

The application of the K-Means method in the second layer also provides excellent results where the purpose
of the K-Means method is to determine the centroid location of the data so that fuzzy inference can be done more
easily with very good accuracy. The complexity of the FIS method with K-Means makes the value of fuzzy data more
controllable because the data is in a more balanced centroid, making it easier for the system to perform inference with
very short computation time, minimal training data and high accuracy.
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4. CONCLUSION

After testing 15 times, results were obtained with very good accuracy values. The use of multilayers in the fuzzy
inference system of this expert system is very efficient because it can eliminate readings with high ambiguity values.
If the multilayer system is not applied, there will be system errors in classifying pulpitis and gingivitis due to numerical
value factors or the proximity of data that are not far apart. between these two types of disease so that it is very possible
for system errors to occur in classifying, with the existence of a multilayer system, the expert system can run well and
provide very high accuracy values. The application of the K-Means method on the second layer also gives very good
results where the aim of the K-Means method is to determine the location of the centroid of the data so that fuzzy
inference can be done more easily with very good accuracy. The combination of the FIS method with K-Means makes
fuzzy data values more controllable because the data is at a more balanced centroid, making it easier for the system to
perform inference with very short computing time, minimal training data and high accuracy.
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