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ABSTRACT

Assessment and care of diabetic feet should always be provided to patients periodically to optimally prevent
complications. This necessitates a practical guide that nurses can use to evaluate the risk of wounds in
diabetic patients. Previous research has developed protocols for assessing the risk of diabetic foot ulcers;
however, these protocols are manual, requiring nurses to spend time determining the risk level of wounds.
The aim of this study is to develop a Web-Based Diabetic Foot Infection Risk Scale Application using the
Forward Chaining Method. This research utilizes the Stetler model for evidence-based application
development. The development process involves three stages: preparation, validation, and analysis. In the first
stage, researchers conduct a literature review using literature review protocols and source scientific articles
and books, followed by the development of a web-based application using the forward chaining method.
There were 19 research articles recruited from three data base scientific (PubMed, Scopus, and Wiley online
Library) from 2014-2024. In the second stage, experts will evaluate the content of the application concerning
infection risk assessment. Finally, the application is tested. The results of this study have shown that, after
testing, the Web-Based Expert System for Diabetic Foot Infection Risk Determination using the forward
chaining method can be used and implemented directly by nurses working in diabetic foot care specialty
clinics. This research represents an initial stage focusing on assessing infection risk levels, and it is hoped that
future research will build upon this study, not only assessing infection risk but also evaluating the potential
for diabetic foot ulcers based on assessed risk factors.
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INTRODUCTION

Regional Health Research indicates that the prevalence of diabetes mellitus among individuals
aged >15 years has increased from 6.9% to 10.9% (Kemenkes, 2018). In West Kalimantan in
2018, the prevalence of diabetes mellitus diagnosed by doctors across all age groups
amounted to 28,343 cases. The city with the highest prevalence in West Kalimantan is
Pontianak, with 3,611 cases, followed by Kubu Raya Regency with 3,235 cases, and Sambas
Regency with 3,025 cases (Kemenkes RI, 2018; Riskesdas, 2018). The high number of
diabetes cases is also accompanied by an increased risk of complications. Diabetic ulcers are a
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common complication in individuals with diabetes mellitus (Jais & Pratama, 2023; Pratama,
Putra, et al., 2020). The loss of sensation in the distal foot due to peripheral neuropathy is one
of the symptoms leading to ulcer formation (Bondar & Popa, 2018). If untreated, these ulcers
can develop into severe infections and may lead to amputation (Soelistijo et al., 2015). This
situation requires nurses to be vigilant in monitoring for signs indicative of ulcer formation.

Assessment and care are crucial for individuals with diabetes mellitus to prevent
complications (Jais et al., 2023; Suriadi et al., 2023). Foot assessment provides patients with
information about the health status of their feet, while diabetic foot care involves measures
patients can take to maintain the health of their feet (Pratama, Suriadi, et al., 2020). Regular
diabetic foot assessment and care must be provided to patients to prevent complications
optimally(Jais et al., 2023). This necessity calls for a practical guide that nurses can use to
assess the risk of foot ulcers in individuals with diabetes mellitus.

Guidelines on diabetic foot assessment and care have been extensively developed by previous
researchers (Pratama & Phuttikhamin, 2017). Earlier research developed a manual protocol
for assessing the risk of diabetic foot ulcers, which required nurses to take time to determine
the risk level (Pratama et al., 2018). Other researchers have developed educational videos
aimed at preventing diabetic foot ulcers, showing that video-based education on foot
examination for preventing diabetic foot complications is effective in enhancing family
support (Wicahyani et al., 2021). Previous studies have developed protocols for assessing the
risk of diabetic foot ulcers in individuals with diabetes mellitus (Rohmatulloh et al., 2024),
However, these protocols were designed for patients' families rather than nurses, and the
studies found that some patients and their families were able to conduct foot examinations
independently. Although prior research has shared the same goal of preventing foot ulcer
complications in individuals with diabetes mellitus, no study in Indonesia has developed a
guideline for determining the scale of diabetic foot infection risk using a web-based
application. The development of an application-based guideline is highly needed by nurses.
An application-based guide will improve the efficiency of nurses in assessing risk and enable
quick and accurate action to manage the risk of complications. Previous studies have revealed
that diagnosing diseases or health disorders using a web-based application can increase
diagnostic efficiency by 72% compared to manual methods (Maulinda, 2017). Therefore, the
aim of this study is to develop a Web-Based Application for Determining the Infection Risk
Scale of Diabetic Foot Ulcers using the Forward Chaining Method.

METHOD
This study employs the Stetler model (Stetler, 2003) for the development of evidence-based
applications. The process of application development in this research is divided into three

stages: Preparation Phase
Formulating the research problem
Literature review.
Planning the development of a web-based application for determining the risk of diabetic foot infection.

A 4

Validasi Phase
After the application design is completed, it will be validated by diabetic foot care expert nurses.

A 4

Analysis and Decision-Making phase
Conducting analvsis. and Creating rules"

Figure 1. Research Methods
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Preparation Phase

In developing the application, the researcher conducted a literature study using a literature
review protocol and sourced references from scientific articles and books. After gathering the
literature, the researcher proceeded to develop a web-based application using the forward
chaining method.

Application for Diabetic Foot Ulcer Infection Risk Assessment

The web-based application for assessing the risk of diabetic foot ulcer infection consists of
three components to be developed. The first component is the infection risk assessment,
followed by the infection risk evaluation, and lastly, recommendations for diabetic foot care
actions. The content of the assessment component to be included in the application involves
aspects related to integument (skin and nails), foot vascularization, foot shape, neuropathy,
callus, and fissures. The infection risk evaluation component displayed in the application
consists of low and high-risk categories. The foot care action component within the
application includes foot care measures that nurses should provide according to the risk level
experienced by the patient with diabetes mellitus, such as providing education, foot care, and
consultations.

Forward Chaining

Forward chaining is a method used by inference engines to start reasoning or tracking data
from existing facts towards a conclusion (Christy & Syafrinal, 2019). In this study, reasoning
and tracking involve assessing symptoms that indicate the risk of diabetic foot infection. The
assessment results are forwarded to determine the level of infection risk experienced. The
final conclusion from the assessment and risk evaluation results is in the form of
recommended actions that nurses should take.

Validation phase

The second stage involves a Delphi Study conducted by three experts in diabetic foot care and
wound management. The Delphi study method is also used when available knowledge is
incomplete, and no other method can provide a higher level of evidence (Hosseinzadeh et al.,
2019). The Delphi study will be conducted in two rounds. The experts involved are nurses
who have completed diabetic foot care training and run wound and diabetic foot care clinics.
The three expert nurses also hold doctoral degrees in diabetic wound care. In the first round of
the Delphi study, the experts will evaluate the content of the application regarding infection
risk assessment.

Analysis/Decision-Making Phase

After the evaluation, the researcher will make revisions based on the feedback provided. The
system will then be further refined. At this stage, rules will be created, and the system will be
re-tested.

RESULTS

The results obtained from the research methods can be described as follows:

Preparation Phas

There were 19 research articles recruited from three data base scientific (PubMed, Scopus,
and Wiley online Library) from 2014-2024.
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Application for Diabetic Foot Ulcer Infection Risk Assessment
User Interface

The main interface of the application contains a login page for the user. After logging in, the
user fills out a questionnaire related to the client's identity. The user then begins the
assessment on the next page, containing questions about risk factors causing diabetic foot
infection. After assessing the risk factors, the system interprets the client's risk level. The
interpretation page displays the risk level, causes, and recommended solutions provided by

the nurse to the patient. The layout can be seen in the following images:

v
( 9 S
Pertanyaan 1

Apakah anda mengalami neuropati diabetik (mati rasa pada kaki)?

T

Figure 1. Form Example for a Question.

Beranda Diagnosa  Informasi Penyakit 2 profil | | & Keluar

INTERPRETASI

Tingkat resiko
Resiko tinggi derojat |

Faktor Resiko
Gangguan Persyarafan/ Neuropati

Solusi

Figure 5. Risk Level Interpretation Page with Solutions.
System Testing

System testing is conducted by answering Yes or No to questions posed by the system
through an interface form based on risk factors causing diabetic foot infection, as shown in

the table below.
Table 1.
High-Risk Grade 1 Testing.

Risk Factor Assessment

Answers

Do you have a history of Diabetes Mellitus (Diabetes)?
Do you have Diabetic Neuropathy?

Is there a fissure on the client's foot?

Is there a callus on the client's foot?

Is there an ingrown toenail on the client's foot?

Yes
Yes
Yes
Yes
Yes

Interpretation: High Risk Grade 1

System Architecture
The components required in the system are presented in the following figure:
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Knowledge base Data Base

The knowledge base contains the rules Contains facts about data on risk
for assessing the risk levels of diabetic factors and levels of risk for diabetic
foot infections based on various risk foot infections

factors.

Inferensi Engine
Contains procedures for matching factual

»| rules regarding the use of variables that can |
determine risk factors.

A A

A v
User I_nterface o Explanation facilities
Contains procedures for_read_lng input Berisi prosedur untuk menampilkan
data from the user regarding risk levels, parameter data tingkatan resiko, dan
and procedures for displaying the results prosedur penggunaan.
of risk factors

!

User

Figure 2. Expert System Architecture for Assessing the Risk Level of Diabetic Foot Infection

Knowledge Base
Based on the system analysis, an overview of the problem analysis and the software
requirements for the expert system application will be developed to assess the risk level of
diabetic foot infection based on risk factors identified from the nurse/user assessment. The
expert system uses a forward chaining inference method, selected because it is suitable for
assessing or determining the risk level of foot infection in diabetic patients. The risk factors
and risk levels for diabetic foot infection are shown in the following tables:

Table 1.
Risk Factors Codes

F1 History of DM

F2 Not wearing footwear outside

F3 Wearing tight shoes

F4 Diabetic Neuropathy

F5 Fissure

F6 Callus

F7 Ingrown toenail

F8 Foot Deformity

F9 PAD/PVD

F10 History of wounds

F11 History of Amputation

Table 2.
Risk Level Codes

RRO Low Risk
RTO1 High Risk Grade 1
RTO2 High Risk Grade 2
RT03 High Risk Grade 3
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Method Application
The method used in this research is Forward Chaining. Forward chaining is a search technique
that begins with known facts and then matches those facts with the IF part of IF-THEN rules.
If the facts match the IF part, the rule is executed. When a rule is executed, a new fact (the
THEN part) is added to the database. The matching process starts from the top rule, and each
rule can only be executed once. The matching process stops when no more rules can be
executed. This approach starts from input information and attempts to draw conclusions,
where forward chaining searches for facts that match the IF part of IF-THEN rules. Using
forward chaining, the approach and rules generated can be reviewed by experts for refinement
or modification to achieve better results (Verina, 2015). The forward chaining technique is
implemented by arranging the IF part rules toward the THEN part (Puspaningrum et al.,
2020). Based on the risk levels and risk factors, the forward chaining rules used are shown in
Figure 3. p

(For) N
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~ (Foq) (FO4)
& = h
5 ~ (F11)
(Fo3) =

- Py
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o )
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Figure 3. Decision Tree of Diabetic Foot Infection Risk Levels

Fact Presentation
Table 3 is a sample of fact presentation data for risk levels based on existing risk factors. The
table explains the knowledge needed to identify risk factors causing diabetic foot infection.

Table 3.
Sample Fact Presentation Data
No. Risk Level Risk Factors
1 Low Risk History of DM

Not wearing footwear outside
Wearing tight shoes

2 High Risk Grade 1 History of DM
Diabetic Neuropathy
Fissure
Callus
Ingrown toenail

3 High Risk Grade 2 History of DM
Diabetic Neuropathy
Foot Deformity
PAD/PVD

4 High Risk Grade 3 History of DM
History of wounds
History of Amputation

Table 4.
Rule Presentation
No. Rule
1 IF FO1 AND F02 AND F03 THEN RRO
2 IF FO1 AND F04 AND F05 AND F06 AND FO7 THEN RTO01
3 IF FO1 AND F04 AND F08 AND F09 THEN RT02
4 IF FO1 AND F10 AND F11 THEN RT03
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Sample Testing
The following is a sample of forward chaining tracing for low-risk levels, where risk factors
are questioned, and the system provides a diagnosis based on the assessment.

Table 5.

Sample Tracing of Low-Risk Level
Risk Level Risk Factors
Low Risk IF History of DM: True
AND Not wearing footwear outside: True
AND Wearing tight shoes: True
THEN Low Risk

Forward Chaining Tracing Process:

1. IFFO1 AND

2. FO02 AND

3. FO03 THEN RRO — Goal
The low-risk level is achieved through Rule 3, where the first tracing is executed if the facts
match the IF part of the IF-THEN rule. The new fact produced in the THEN part is saved in
the database. The tracing process starts from the first rule, and no rule is executed more than
once. The execution process stops when no data matches the rule, and a conclusion is drawn
based on the fact matching.

DISCUSSION

Preparation Phase

This study showed that in preparation phase, there is a significant need of the web based
application for assessing risk of Diabetic Foot infection. This study also showed that
sufficiency findings of research studies related Assessment risk of diabetic Foot infection.
Moran & Burson (2017) suggest that phenomenon identification stems from real-world
practice scenarios. A notable concern is the high incidence of diabetic foot infection among
patients with diabetes mellitus (DM), yet there are no established a special web-based
application for detecting risk of diabetic foot complication. This issue has persisted over the
years, prompting nurses to recognize the need for addressing it to avoid complications.
Despite their awareness of the diabetic foot infection problem, no preventive measures or
interventions have been implemented. A significant barrier identified is the lack of time for
nurses to seek evidence on diabetic foot infection prevention. According to Pitsillidou et al.,
(2021), time constraints, insufficient resources, and difficulties in interpreting statistical
analyses are key challenges to adopting evidence-based practice (EBP). Many nurses have
minimal exposure to the nursing research process, even though it offers significant benefits
(Swenson-Britt & Berndt, 2013). Several factors make it difficult for nurses to integrate EBP
into their practice, and obstacles to utilizing current research evidence remain widespread. In
most cases, nurses lack an understanding of what EBP entails or how to implement it in a
clinical setting (Schaefer & Welton, 2018). Professionals often find it challenging to apply
new, abstract, and explicit knowledge in their daily practice (Kristensen et al., 2016; Melnyk
et al., 2017). Instead, nurses tend to rely on established routines, even when alternative
methods are available (Kristensen et al., 2015).

Validation and Decision Making Phase

The Application for Diabetic Foot Ulcer Infection Risk Assessment has undergone validation
testing by IT experts and diabetic foot care specialist nurses. Validation is essential for
assessing the tool's ability to achieve the desired outcomes (Suyono & Hambali, 2020). The
validity of this application is primarily based on its ability to identify risk factors contributing
to diabetic foot infections, with high levels of sensitivity and specificity. Research has shown
that the application can accurately assess infection risk based on various clinical parameters,
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including skin condition, blood flow, and signs of infection. The application was verified
through testing involving a sample of patients with a history of type 2 diabetes who were at
high risk for diabetic foot infection. The study findings revealed that the application
successfully predicted the risk of diabetic foot infection based on embedded risk factors,
achieving an overall accuracy that surpasses the traditional manual methods used in clinics.
Additionally, it was found that the application reduces clinical workloads by simplifying the
risk assessment process and increasing efficiency in the early detection of DFU infection
risks. This study aligns with research conducted by Zaki et al., (2023), which explored an
Expert System using the Forward Chaining Method to detect internet network damage. Their
research demonstrated that the Expert System using the forward chaining method achieved
100% accuracy with 29 test data points. Similarly, Susilo et al., (2022) developed a web-
based Expert System for diagnosing chronic diseases using the Forward Chaining Method.
The study showed tha after testing with several test data sets, the designed expert system was
able to diagnose chronic diseases based on input symptoms and provided results consistent
with expert conclusions. Researchers argue that the success of this application is evident from
its implementation in various clinical settings, where it has consistently demonstrated positive
outcomes in preventing diabetic complications through early identification. Further external
validation will also be conducted in several hospitals and specialist diabetic foot care clinics,
ensuring that the application will eventually provide results comparable to expert-based
assessments, making it a reliable and trustworthy tool in evidence-based nursing practice.

CONCLUSION

This research has shown that after testing, the Web-Based Expert System for Assessing
Diabetic Foot Infection Risk using the forward chaining method can be used and implemented
by nurses working in diabetic foot care specialist clinics. This study is an initial stage research
focusing on assessing the risk of infection. Therefore, the researcher hopes that further studies
will develop this research not only to assess the risk of infection in diabetic feet but also to
assess the potential for diabetic foot ulcers based on the evaluated risk factors.
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