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ABSTRACT

Introduction: Intelligent Diagnostic Assistant can be used for complicated diagnosis of skin diseases,
which are among the most common causes of disability. The aim of this study was to design and implement
a computerized intelligent diagnostic assistant for complicated skin diseases through C5’s Algorithm.
Method: An applied-developmental study was done in 2015. Knowledge base was developed based
on interviews with dermatologists through questionnaires and checklists. Knowledge representation was
obtained from the train data in the database using Excel Microsoft Office. Clementine Software and C5’s
Algorithms were applied to draw the decision tree. Analysis of test accuracy was performed based on
rules extracted using inference chains. The rules extracted from the decision tree were entered into the
CLIPS programming environment and the intelligent diagnostic assistant was designed then. Results: The
rules were defined using forward chaining inference technique and were entered into Clips programming
environment as RULE. The accuracy and error rates obtained in the training phase from the decision tree
were 99.56% and 0.44%, respectively. The accuracy of the decision tree was 98% and the error was 2%
in the test phase. Conclusion: Intelligent diagnostic assistant can be used as a reliable system with high
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accuracy, sensitivity, specificity, and agreement.
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1. INTRODUCTION

The risk of skin diseases have been re-
ported to be up to 80% (1). According
to the World Health Organization’s re-
port in 2013, the disease burden in 15
categories of skin diseases was 3-7 mil-
lion (2). Utility criteria that reported
the disease burden to be in the range
of zero to one have been reported to
be 0.640 to 1.000 for skin diseases such
as pemphigus. This rate was 0.650 for
HIV and 0.740 for kidney diseases (1).
Skin diseases create additional prob-
lems because of their special features
such as physical deformity that neces-
sitate early detection and treatment of
these patients, but the diagnosis of skin
diseases is a complicated task. In such
a case, widespread knowledge of skin
diseases is inevitable for diagnosis and
treatment of skin diseases (3-5), which
will help dermatologists in diagnosis,
and can also be used in rural and remote
areas where access to dermatologists is
not always possible. In particular, di-
agnostic intelligent assistant are able to

simulate and model problem-solving
capabilities in a specific field. This is
possible because these systems obtain
knowledge from an expert and make
decisions based on artificial intelligence
(6). The knowledge base contains all
specialized knowledge that is related to
the problem and inference engine acts
in a way that is similar to human rea-
soning (7). Inference techniques can be
backward (deny or prove a pre-specified
target) or forward (reach a goal that is
not already known). Different methods
of representing expert knowledge sys-
tems include triad of O-A-V, rules, se-
mantic networks, and frames (7, 8).

2. AIM

The main objective of this study is to
design and implement an intelligent di-
agnostic assistant for complicated skin
diseases through C5 algorithm based on
expert knowledge using the rule-based
system and forward chaining inference
techniques.
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Common symp-

Barrow with undulating lines 1-10 mm

Disease  No. Sign toms with other Scabies 55 long in the area between the fingers
diseases and wrist
BCC 1 History of prolonged exposure to the sun MM . Find vesicle between the fingers, wrist
Scabies 56 :
BCC 2 History of tanning MM and hand sides
BCC 3 History of frequent sunburn MM Scabies 57 Itchy lesions LP
BCC 4 History of phototherapy MM LP 58 Distribution of the lesions
BCC 5 History of radiotherapy MM LP 59 Appearance of skin lesions(itchy and pur-
" " ple’s papules-polygonal-flat)

History of exposure to chemical sub- -
BCC 6 stances MM LP 60 Wickham strrae
BCC . Papules or nodules with prominent telan- LP 61 Scaring hair loss

giectasia and pearl LP 62 Nail changes
BCC 8 Ulcerated or bleeding lesion MM MM 63 Family history of atypical(dysplastic)
BCC 9 Pigmented lesion MM moles or melanoma
BCC 10 Erythematous Plaque or macula MM 64 History of multiple moles
BCC 1 Sclerotic plaque MM 65 Family history of melanoma
BCC 12 History of genetic diseases such as Xero- |\ MM 66 Pigmented bands of nails

derma Pigmentosa MM 67 Hutchinson’s sign
BCC 13 Patients complaint of the skin ulcer MM ) . -
BeC “ History of the change in color or increase | Table 1. A detailed list of specific and common symptoms of the selected

in the size of the mole disease

Black or brown or nodules with irregular
BCC 15 margins and multiple color Vm 3 METHOD
Bee 16 Hemorrhagic nodule or tumor MM This applied-developmental study was done in Razi Der-

Brown-black plaque with irregular color : : _
BCC 17 and bonder on the face and sun damage MM matology hospltal, aﬁllated to TUMS’ .at 2015.Tbe .re

skin search was conducted in two phases, which include designing
BCC 18 Lymphadenopathy MM, Scabies knowledge Base based on dermatologists’ knowledge as ex-
PV 19 Irritation and pain of mucosal LP perts and implemented as follows:
PV 20 Dysphagia 9r pain on swallowing food 3.1. Designing Knowledge Base
Py 21 Nasal bleeding The Acquisition of knowledge was done by Delphi tech-
PV 22 Odynophagia . . . . . .
by - Red Eyes nique and by holding several sessions and interviews with the
BV 2 Skin sores and Blister T experts using checklists of signs and symptoms that were de-
PV 25 Erosions of the mucosal membranes P veloped based on International Classification of Diseases 10
PV 26 Skin blister LP revision (ICD-10) and semiology book of dermatology. One
PV 27 Skin ulcer and erosions LP, Scabies coordinator organized the meetings and received dermatolo-
PV 28 Wet lesion scabies gists’ opinions and suggestions and consulted with other pro-
il 29 Involvement of the skin and mucosa LP fessionals until a consensus was reached. A total of 106 symp-
PV 30 Local involvement LP . . . .

toms were determined for disease diagnosis.

Occurrence on the head and neck and . .
PV 31 seborrheic areas 3.2. Extracting and Representing Knowledge
Py 32 Painful oral erosions with subsequent in- Lp Drawing deCiSiOn tree from the trained data

volvement of the entire body First 5 class diseases consideration, and for every class, it
PV 33 ;E;:]s‘?vﬁﬂglgigr;fh:lrﬁ;ers on the normal was collect 60 medical records patient for the selected skin
PV v Nikolsky sign diseases that contains attribute of disease and patients. Then it
PV 35 Oral lesions P was collect 150 medical records of the patients without have
PV 36 Vesicle scabies the selected skin diseases. So, there was 450 medical record
PV 37 Infected lesions scabies for training the decision tree model as true class label.
PV 38 Blister Lp Overall the sum of samples are 450 medical records for 6
PV 39 Mucosal lesions(reticular white lines-ul- class contains 5 disease and 1 no disease. Data of 60 medical

ceration-erosions) ds of th ; . b di Lof g
" 0 Post inflammatory pigmentation P records of the patients for each disease (a total of 300 med-
Scabies 41 History of recent travel ical records), and 150 medical records of the patients without
Scabies 42 History of imprisonment the selected skin diseases were entered into the Excel Mic-
Scabies 43 History of itching in other members of rosoft Office database. Knowledge representation was ob-

the family tained from the train data in the database and decision tree
Scabies 44 Itching LP . . .

. . . was drawn using Clementine Software and C5 Algorithm.
Scabies 45 Itching worsens at night A d Fthe d decisi leulated
Scabies 46 Itching worsens with heat and hot baths ccura'cy and error ot the ra'wn ecision tree was calcu 'at.e :
Scabies 47 Symmetric lesions P Testing and final analysis of the accuracy of decision
Scabies 48 Presence of skin barrow tree
Scabies 49 Papules LP To test the validity of the decision tree, data of 20 medical
Scabies 50 Nodules LP records of the patients for each of the selected diseases (a total
Scabies 51 Pustule of 100 medical records) and 50 medical records of the patients
Scabies 52 Eczematous lesion LP without the selected skin diseases were entered into the data-
Scabies 53 Contact dermatitis ..

: : - base and accuracy of the drawn decision tree was calculated by
Scabies 54 Excoriated lesions LP
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measuring the accuracy and error rates. Accuracy higher than
90% was considered as the precision value of the decision tree.
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Extracting Rules from the Decision Tree

Rules of If/Then/Else were extracted using forward
chaining inference technique from the drawn decision tree.

The Implementation of a Diagnostic Intelligent As-
sistant

Extracted rules from the decision tree were entered into
CLIPS programming environment as RULE (Diagram 1).

4. RESULTS

According to dermatologist’s view, diseases including
pemphigus vulgaris (PV), basal cell carcinoma (BCC), lichen
planus (LP), malignant melanoma (MM), and scabies require
recognition by a diagnostic intelligent assisted.

4.1. Accuracy and Error Rates Obtained in the Training

No. Diseases No. signs

1 Basal cell carcinoma  1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18

) Pemphiaus vuldaris 19,20,21,22,23,24,25,26,27,28,29,30,31,32,3
phigus vulg 3,34,35,36,37,38,39,40

3 Seabies 18,27,28,36,37,41,42,43,44,45,46,47,48,49,5

0,51,52,53,54,55,56,57
A Lichen olanus 19,24,25,26,27,29,30,32,35,38,39,40,44,47,4
p 9,50,52,54,57,58,59,60,61,62

. 1,2,3,4,5,6,8,9,12,13,14,15,16,17,18,63,64,6

5 Malignant melanoma

5,66,67

Table 2. Brief listing of specific and common symptoms of the selected
diseases

Except with se-

Scabies PV MM LP lected diseases BCC  No.

N=60 N=60 N=60 N=60 N=150 N=60 Diagnosis

0 0 0 0 0 60 Basal cell carcinoma

0 0 0 0 149 1 E?(cept with selected
diseases

0 1 0 59 0 0 Lichen planus

0 0 60 0 0 0 Malignant melanoma

0 60 0 0 0 0 Pemphigus vulgaris

60 0 0 0 0 0 scabies

Table 3. Analysis of Decision Tree in Training Phase. Accuracy: %99.56
wrong: %0.44

Except with se-

Scabies PV MM LP lected diseases BCC  No.

N=20 N=20 N=20 N=20 N=50 N=20 Diagnosis

0 0 0 0 0 20 Basal cell carcinoma

0 0 0 0 49 4 Except with selected dis-
eases

1 0 0 19 0 0 Lichen planus

0 0 20 0 0 0 Malignant melanoma

0 20 0 0 0 0 Pemphigus vulgaris

19 0 0 0 1 0 scabies

Table 4. Analysis of Decision Tree in Testing Phase. Accuracy: %98 wrong: %2

Test Phase

In order to prepare data for drawing the decision tree,
common symptoms for diagnosing the selected diseases were
extracted (Table 1). A summarized list of specific and common
symptoms of the selected diseases (Table 2) was developed. The
accuracy and error rates obtained in the training phase from
the decision tree (Figure 1) were 99.56% and 0.44%, respec-
tively (Table 3). The accuracy of the decision tree was 98% and
the error was 2% in the test phase (Table 4). Rules were defined
using forward chaining inference technique and were entered
into Clips programming environment as RULE.
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First steps: Determination
of selected diseases

1. Questionnaire
2. check list
3. Interviews with experts

Design knowledge
base

Second steps: Determination
of Clinical signs and diagnosis
of the disease

‘ Drawing decision tree from the training data ‘

'

‘ Extraction rules of the decision tree ‘

acquisition and
knowledge
representation I

Entrance rules to Clips programming environment and
implementation inference engine

Assessment expert . Calculate the accuracy of expert system
system . Calculate the sensitivity of expert system

. Calculate the specificity of expert system

. Calculate the kappa of expert system with clinical

diagnosis expert system

Diagram 1. Process Design, Implementation and Evaluation of Intelligent
Diagnostic Assistant

5. DISCUSSION

The purpose of this research was to design and implement
an intelligent diagnostic assistant for diagnosis of compli-
cated skin diseases.

Strength of this study was preparation of a preliminary
checklist for skin diseases using the International Classifica-
tion of Diseases 10 Revision (ICD-10). Another strong point
of our study was identification of diseases according to der-
matologists’ preferences.

Analysis of the data showed that in the training phase,
the drawn decision tree diagnosed diseases with accuracy of
99.56% and error of 0.44%. Analysis in test phase showed ac-
curacy of 98% and error of 2%.

Expert systems can be used to assist in the diagnosis of
diseases (9). One study had suggested more than 60 rules as
“Then-If” using the decision trees for 9 selected diseases (3).
Another study had extracted rules from the decision tree by
designing an expert system that was used to diagnose neu-
rological diseases (10). Other studies had extracted rules by
a two step decision tree of training and testing (11-16) or had
used the decision tree to extract the rules that were used to
design neural networks and estimate the risk of preeclampsia
with an accuracy of 83.6% in the training phase and 93.8%
in the testing phase (17). The methods used in these studies
are in line with the methodology used in the current study.
However, the accuracy of the drawn decision tree in the cur-
rent study appeared to be 99.56% in the training phase and
98% in the testing phase.

Seto and colleagues designed a rules-based system in their
study and used 105 rules for knowledge representation.
Training and testing of the decision tree were not used in
this research (18). Semantic network was used in the phase
of knowledge representation which revealed causal relation-
ships between variables and symptoms (19). These studies
do not match with the findings of the current study. In this
study we used a semantic network to obtain causal relation-
ships between variables and symptoms. Although the se-
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mantic network is a way of representing knowledge in in-
telligent system, the rules extracted from the decision tree is
much easier to analyze due to the simplicity and ease of com-
prehension by the specialists, and is therefore superior to se-
mantic network. Given that, expert systems are to be used in
disease diagnosis, paying attention to the training and testing
phases and evaluating the decision tree accuracy is essential.
It is recommended that emphasis be placed on the training
and testing phases and evaluation of the decision tree accu-
racy at the phase of knowledge representation as an insepa-
rable part implementation of these systems.

Following implementation of the intelligent diagnostic as-
sistant, and entering of the extracted rules from the decision
tree to the intelligent diagnostic assistant, rule-based method
was also used and the rules of If/Then/Else were extracted
from the decision tree and were entered into the system pro-
gramming (CLIPS) as RULE using forward chaining infer-
ence technique.

Doniz et al. used rule-based technique to enter rules of If/
Then/Else as rule in the phase of knowledge representation to
the proposed intelligent diagnostic assistant. Inference tech-
nique used in this study was forward (20). In some intelligent
diagnostic assistants, rules of If/Then/Else, CLIPS program-
ming environment and forward chaining inference technique
(21, 23) or C programming language (24, 25) were used. The
language used in both studies is consistent with our study. In
one study. After extraction of “If/Then/Else” rules, the de-
cision tree was drawn. By using forward chaining inference
techniques, the selected rules were burned to reach a final
diagnosis (26). CLIPS programming environment was also
used (3, 10-12, 27) which is consistent with the current study.

Phase logic, decision trees and forward chaining infer-
ence techniques were used to determine the severity of pre-
eclampsia (28). MATLAB programming environment was
also applied in the intelligent diagnostic assistant for pneu-
monia diagnosis (29). Taking into consideration the fact that
the MATLAB development environment is an interpretive
language and that its execution speed is much slower than
the compiled languages, it does not work so well in com-
plex structures. In addition, its cost is high while the oper-
ating programs written in MATLAB are common and bring
about essential problems (39). Therefore, in order to fix these
defects, C programming language was used in the current
study.

Usually, researchers use backward chaining inference tech-
niquein their studies (10) and C sharp language (30). Although
some studies used the decision tree and the C language, the
difference between them and the current study is the small
number of tested data and the use of backward chaining in
the inference engine (10, 30). Phase logic or neural network
was used in designing the systems (15, 19) that is inconsistent
with the current study. Given that all conditions of the cur-
rent study were binary, it was not possible to use phase logic.

Some studies have used neural network in the phase of
knowledge representation (17) that is not in consistence with
the current study. The major problem of neural networks is
that the user cannot understand the method of inference and
conclusion of the system, learning system is dependent on the
collection system of train data and the amount as well as the
number of training courses. If train data is incomplete and
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inadequate or the number of training courses is too many or
too few, the system cannot have a good decision. The CLIPS
program was usually used to design the intelligent diagnostic
assistant due to its high flexibility, expandability and low cost
(20).

6. CONCLUSION

Although artificial intelligence has great potential for im-
proving medical decision-making, successful implementation
of these systems requires special attention to details including
using a method that is appropriate to the system target during
the phase of knowledge representation. Paying attention to
the details prepares the necessary ground for the use of these
systems, like making specialists and physicians aware of the
advantages of the intelligent diagnostic assistant in their pro-
fessional area. Implementing intelligent diagnostic assistant
with a user-friendly interface to increase physician’s willing-
ness is also essential to make effective use of these systems.

e Clinical Relevance Statement: The result of our study demonstrate that
the intelligent diagnostic assistant can be used to determine the via Clemen-
tine Software and C5 Algorithm. Paying attention to details prepares the ne-
cessary ground for the use of these systems. Physicians should be aware of
the advantages of the intelligent diagnostic assistant.
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