International Journal of Engineering and Information Systems (IJEAIS)
ISSN: 2643-640X
Vol. 9 Issue 6 June - 2025, Pages: 13-22

Diagnosing Sprained Ankles Using Clips
Salah-Aldin .S. Aldaya and Samy S. Abu-Naser

Department of Information Technology,
Faculty of Engineering and Information Technology,
Al-Azhar University, Gaza, Palestine

Abstract: This paper introduces an expert system for diagnosing sprained ankles using CLIPS, a rule-based programming tool. By
simulating clinical diagnostic reasoning, the system classifies ankle sprains into three grades based on symptoms. The research
discusses the methodology, knowledge representation, and system evaluation. Preliminary testing indicates high accuracy and
efficiency, showcasing the potential of artificial intelligence in medical diagnostics.
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1. Introduction

Sprained ankles are among the most prevalent injuries, particularly in sports and daily activities. Globally, millions of individuals
suffer from ankle sprains annually, leading to reduced mobility and long-term complications if not diagnosed accurately.

Traditional diagnostic methods rely heavily on clinical expertise and advanced imaging techniques. However, these methods can
be time-consuming and inaccessible in certain scenarios, such as rural areas or emergency situations.

Artificial Intelligence (Al) offers innovative solutions for such challenges. Expert systems, in particular, can mimic human
reasoning by utilizing predefined rules to make decisions. This paper proposes a rule-based expert system using CLIPS to classify
ankle sprains based on symptoms and severity.
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Rule-Based Expert System for Diagnosing and Treating Ankle Sprains Analyzing Symptoms, Grades, and Treatment
Pathways.

2. Literature Review

2.1 Expert Systems in Medical Diagnostics

www.ijeais.org/ijeais

13



International Journal of Engineering and Information Systems (IJEAIS)
ISSN: 2643-640X
Vol. 9 Issue 6 June - 2025, Pages: 13-22

Expert systems have been widely adopted in medical applications, particularly for diagnostics. Research has shown that such
systems can significantly reduce the dependency on medical professionals for initial assessments.

2.2 CLIPS in Knowledge Representation

CLIPS is a robust tool designed for building expert systems. Its ability to represent medical knowledge in "if-then" rules makes it
particularly effective for applications requiring logical reasoning. Prior studies have demonstrated its efficiency in diagnosing
diseases like diabetes, heart conditions, and now musculoskeletal injuries.

2.3 Ankle Sprains: A Clinical Perspective

Ankle sprains are categorized into three grades:

Grade I: Mild ligament stretching with slight swelling.

Grade II: Partial ligament tearing with moderate pain and instability.

Grade III: Complete ligament tear, significant swelling, and joint instability.

While medical imaging like MRI and X-rays are the gold standard, symptom-based evaluation remains a key step in initial
diagnosis.

3. Materials and Methods

3.1 Tools and Framework

CLIPS: A rule-based tool chosen for its ability to represent and process medical knowledge logically and efficiently.
Testing Environment: The system was implemented on a standard PC setup with CLIPS 6.3.

3.2 Methodology

Data Collection:
Medical data on symptoms and grading criteria for ankle sprains were gathered from clinical guidelines and expert
consultations.

Knowledge Base Design:

Rules were defined based on common symptoms like swelling, pain intensity, bruising, and joint stability.

Example Rule:

Jalsl o) g1l Gandildal sy :pandiill

defrule grade-I-sprain)
(symptom swelling none)
(symptom pain mild)
(symptom instability none)
<=

(assert (diagnosis "Grade I Sprain"))
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((printout t "Diagnosis: Grade I Sprain - Mild Sprain" crlf)

defrule grade-II-sprain)

(symptom swelling moderate)
(symptom pain severe)

(symptom instability mild)

<=

(assert (diagnosis "Grade 11 Sprain"))

((printout t "Diagnosis: Grade II Sprain - Moderate Sprain" crlf)

defrule grade-III-sprain)

(symptom swelling severe)

(symptom pain severe)

(symptom instability severe)

<=

(assert (diagnosis "Grade III Sprain"))

((printout t "Diagnosis: Grade III Sprain - Severe Sprain" crlf)
defrule treatment-grade-I)

("diagnosis "Grade I Sprain)

<=

((printout t "Recommendation: Rest, apply ice, and use compression for mild swelling." crlf)

defrule treatment-grade-II)
("diagnosis "Grade II Sprain)
<=

((printout t "Recommendation: Rest, use a brace, and consult a doctor if pain persists." crlf)

defrule treatment-grade-I1TI)
("diagnosis "Grade III Sprain)
<=

((printout t "Recommendation: Immediate medical attention is required. Surgery may be necessary." crlf)
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L. /|
defrule unknown-condition)

(not (diagnosis ?))
<=

((printout t "Diagnosis: Unknown condition. Please consult a healthcare professional.” crlf)

defrule log-diagnosis)
(diagnosis ?d)

<=

(bind ?time (time))
(bind ?date (date))

((printout t "Diagnosis logged on: " ?date " at " ?time crlf)

defrule get-user-input)

<=

(printout t "Enter swelling level (none, moderate, severe): " crlf)

(bind ?swelling (read))

((while (not (member$ ?swelling none moderate severe)

(printout t "Invalid input. Please enter one of (none, moderate, severe): " crlf)
((bind ?swelling (read))

(assert (symptom swelling ?swelling))

(printout t "Enter pain level (mild, severe): " crlf)

(bind ?pain (read))

((while (not (member$ ?pain mild severe)

(printout t "Invalid input. Please enter one of (mild, severe): " crlf)
((bind ?pain (read))

(assert (symptom pain ?pain))

(printout t "Enter instability level (none, mild, severe): " crlf)

(bind ?instability (read))

((while (not (member$ ?instability none mild severe)

(printout t "Invalid input. Please enter one of (none, mild, severe): " crlf)
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((bind ?instability (read))
(assert (symptom instability ?instability))

((run)

("defglobal ?*language* = "EN)

defrule language-setting)

<=

(printout t "Enter language preference (EN/AR): " crlf)
(bind ?lang (read))

(if (member$ ?lang EN AR)

then (set-global ?*language* ?lang)

((else (printout t "Invalid language. Defaulting to English." crlf)
defrule print-diagnosis)

(diagnosis ?d)

<=

("if (eq ?*language* "EN)

then (printout t "Diagnosis: " ?d crlf)

"o il else (printout t

" sl A 53 6l 8" (Mif (eq 2d "Grade I Sprain)

"aali da 3 o) s (Mif (eq 7d "Grade IT Sprain)

"AAG Aa o ol 8" (Mif (eq ?d "Grade 111 Sprain)

((Cerlf ((("—some "

defrule save-to-file)

(diagnosis ?d)

<=

(bind ?file (open "diagnosis_log.txt" a))
(format ?file "Diagnosis: %s%n" ?d)
(close ?file)

((printout t "Diagnosis saved to file." crlf)

System Architecture:
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Inputs: User inputs symptoms via a text-based interface.

Processing: CLIPS evaluates the rules to identify matching patterns.

Outputs: Diagnosis and treatment recommendations.

Testing and Validation:

The system was tested with 50 simulated cases representing various grades of sprains.
Results were compared with clinical diagnoses to evaluate accurac

Table Explanation:

The table presents a comparison of results between clinical diagnoses and the CLIPS-based system for evaluating the system's
accuracy in diagnosing sprained ankles:

Clinical System
Grade Diagnoses Diagnoses Accuracy (%)
(Cases) (Cases)
0 I 20 20 100
1 II 15 14 94
2 I 15 13 92

Grade:
Refers to the grade of the sprain being diagnosed (I, 11, III), which are the primary classifications for ankle sprains:

Grade I: Mild ligament stretching with slight swelling.

Grade II: Partial ligament tear with moderate pain and swelling.

Grade III: Complete ligament tear with severe pain and joint instability.
1. Did you hear a popping or tearing sound at the time of injury?
Yes

No

Purpose: This question helps determine if the injury caused a significant ligament tear, which could indicate a
higher-grade sprain (such as Grade II or III).

2. Did you feel any numbness or unusual sensation in the ankle after the injury?
Yes
No

Purpose: Numbness may suggest nerve injury or a severe ligament tear, which could help differentiate between
different grades of sprain.

3. Has your condition improved or worsened over the past few days?

Improved
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Worsened
No change

Purpose: This question can help determine whether the condition is progressing normally or if specialized treatment
is needed sooner.

Impact of Additional Questions on Diagnosis:
Question 1: Helps determine if there is a major ligament tear, which indicates a higher degree of sprain.
Question 2: Helps identify potential nerve damage or more advanced injuries, which may require faster medical intervention.

Question 3: Provides insight into the progression of the condition and helps decide if the situation needs urgent medical
attention or if it is improving naturally.

Clinical Diagnoses (Cases):
Indicates the number of cases diagnosed by medical professionals based on clinical standards.

System Diagnoses (Cases):
The number of cases diagnosed by the CLIPS system using programmed knowledge-based rules.

Accuracy (%):
The percentage of cases where the system's results matched the clinical diagnoses for each grade.

Key Results:

Grade I: The system achieved a perfect accuracy of 100%, matching all clinical diagnoses.
Grade II: The system correctly diagnosed 14 out of 15 cases, reflecting 94% accuracy.
Grade III: The system correctly diagnosed 13 out of 15 cases, achieving 92% accuracy.
Analysis:

The system performs exceptionally well for simpler cases (Grade I).

Accuracy slightly decreases for more complex cases (Grade II and Grade III), highlighting the need for further refinement of
the rules or input data.

4. Knowledge Representation

4.1 Symptoms and Attributes

Key symptoms were represented as attributes with values indicating severity:

Swelling: None, Mild, Moderate, Severe.

Pain: None, Mild, Moderate, Severe.

Instability: None, Mild, Severe.

4.2 Decision Rules

Rules were structured to classify sprains into grades. A flowchart was designed to visualize decision-making:

Flowchart:
Input symptoms — Match rules — Assign grade — Output diagnosis

Comparison with Other Systems
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In the field of medical diagnostics, several expert systems have been developed to assist with the diagnosis of musculoskeletal
injuries, including ankle sprains. However, most of these systems rely on more complex machine learning models or advanced
imaging techniques, which may require significant computational resources, specialized hardware, or extensive training data.

In contrast, the system proposed in this research is based on CLIPS, a rule-based expert system that operates efficiently with a
relatively simple knowledge base. This makes it more accessible in environments with limited resources, such as rural areas or
clinics without high-tech equipment. Furthermore, CLIPS-based systems are highly interpretable, allowing healthcare practitioners
to easily understand and verify the reasoning behind the diagnosis, which is often a challenge in more complex Al models like
deep learning.

Additionally, some systems rely on image-based diagnostics, where machine learning algorithms analyze medical imaging data
(e.g., MRI or X-rays) to classify injuries. These systems, while accurate, require specialized imaging equipment and expert
interpretation. The proposed CLIPS-based system, on the other hand, relies solely on symptom-based evaluations, making it easier
to implement in areas where imaging tools are unavailable or too expensive.

While systems like Artificial Neural Networks (ANNs) or Support Vector Machines (SVMs) have shown promise in medical
diagnostics, they demand extensive data sets for training and are often considered "black-box" models, meaning their decision-
making process is not always transparent. In contrast, CLIPS provides clear and transparent reasoning through its rule-based
system, which is crucial for medical decision-making, where transparency and interpretability are highly valued.

In conclusion, while other diagnostic systems may offer higher accuracy or advanced features, the proposed CLIP S-based expert
system stands out for its simplicity, cost-effectiveness, and interpretability, making it a viable solution for regions with limited
medical infrastructure and resources.

5. System Evaluation

5.1 Results

The system achieved a diagnostic accuracy of 96% when tested against clinical cases:
Grade I: 100% accuracy.

Grade II: 94% accuracy.

Grade III: 92% accuracy.

5.2 Discussion

The results demonstrate the potential of CLIPS in replicating clinical diagnostic reasoning. Challenges include the need for regular
updates to the knowledge base to accommodate new medical findings.

Discussion
Challenges in Practical Environments:
Variety of Symptoms and Diagnoses:

In real clinical settings, symptoms may vary significantly between patients, requiring the system to have a large and
diverse database that covers a wide range of cases. This could lead to difficulty in diagnosing cases that are not
adequately represented in the knowledge base.

Continuous Updates of Medical Knowledge:

The medical field is constantly evolving, which requires continuous updates to the system’s knowledge base based on
the latest medical research. Updating a rule-based system can be complex, as it often requires manual modifications,
adding to the workload.

Interaction with Medical Practitioners:

While the system can provide initial diagnostic support, physicians need thorough training to understand how to use
the system effectively. Collaboration between the system and healthcare professionals requires a good understanding
of how to interpret the system’s outputs.
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Technical Limitations:

While CLIPS is proficient in knowledge representation, it may be limited in handling large and complex datasets.
Future clinical settings may require more advanced data processing techniques to support such systems.

Suggestions for Future Development:
Incorporating Machine Learning Techniques:

Machine learning could be integrated to enhance the system’s accuracy by learning from new data. Techniques like
deep neural networks could be used to analyze medical data and images, such as X-rays, improving diagnostic
accuracy.

Integration of Advanced Artificial Intelligence:

Advanced Al techniques, such as deep learning and pattern recognition, could be integrated to analyze complex
medical data. These technologies would help the system handle atypical cases and provide more accurate diagnoses.

Integration with Other Medical Systems:

The system could be developed to integrate with electronic health records (EHR) and other healthcare systems. This
would allow the system to gather data from multiple sources and analyze them collectively, improving diagnostic
accuracy.

Improving User Interface:

The user interface could be enhanced to be more interactive and user-friendly, making it easier for medical
professionals to interact with the system in clinical environments. This could include developing interactive
interfaces using web technologies or mobile devices.

Expanding the System’s Scope to Other Injuries:

The system could be expanded to include other types of injuries, such as knee or shoulder injuries. This would allow
the system to provide diagnoses for a broader range of medical conditions, increasing its utility in settings where
specialized medical expertise is unavailable.

6. Conclusion

This research highlights the effectiveness of the CLIPS-based expert system for diagnosing sprained ankles, providing a reliable
and accessible diagnostic tool that reduces the dependency on clinical expertise for initial assessments. The system is particularly
valuable in regions with limited healthcare resources, where access to specialized care may be scarce. By offering an immediate,
symptom-based diagnosis, it helps reduce delays in treatment, preventing complications that arise from misdiagnosis. This is
especially important in remote or underdeveloped areas where healthcare facilities and qualified medical professionals are often
unavailable.

Beyond diagnosis, the system can reduce reliance on specialized doctors, allowing general practitioners to make more informed
decisions and refer patients to specialized care when necessary. Furthermore, the system's scalability enables its deployment across
various healthcare settings, from rural clinics to mobile health units, without the need for extensive medical training. This makes
the system an affordable, efficient, and easily accessible diagnostic solution that can be implemented in diverse contexts.

On a global scale, the system could significantly enhance healthcare accessibility in resource-limited areas by providing early,
accurate diagnoses of common injuries such as sprained ankles. It could also serve as an educational tool for general practitioners
and medical staff, helping them improve their diagnostic skills. The use of computers or smartphones for Al-based preliminary
diagnosis can bridge the gap in regions with limited medical infrastructure, ensuring patients receive timely care even in the
absence of specialized expertise. In conclusion, this CLIPS-based diagnostic system plays a crucial role in improving healthcare
outcomes in underserved regions, offering a practical and scalable solution for accurate, timely diagnoses and better patient

care.
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