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ABSTRACT: Knee and leg pain can limit mobility, independence, and quality of life among older adults. This paper
presents the Elderly Knee and Leg Pain Diagnosis System, a web-based prototype intended to organize user-reported
symptoms and provide preliminary decision-support information. The system combines a weighted rule-based symptom
assessment with a deep-learning module that estimates radiographic knee osteoarthritis severity using the Kellgren—
Lawrence (KL) grading scale. The symptom module considers inputs such as pain severity, onset, swelling, fever, ability
to bear weight, crepitus, locking, numbness, weakness, injury history, morning stiffness, age, and selected medical
history. Safety rules identify selected symptom combinations that warrant urgent medical assessment. For X-ray analysis,
the system preprocesses uploaded images to 224 x 224 pixels and applies a MobileNetV2-based model with an ordinal
output design to estimate KL grades 0—4. The application includes a web interface, FastAPI backend, downloadable PDF
assessment reports, and a recent-assessment history feature. In the stored test evaluation of 1,656 images, exact-grade
accuracy was 47.83%, while accuracy within one grade was 72.71%. Class-wise recall was uneven, including 0% recall
for grade 1, indicating that the model requires substantial improvement and further validation. The prototype is therefore
intended for educational and preliminary decision support only, not for independent clinical diagnosis. Further work
includes model refinement, external validation, clinician review, accessibility testing, and privacy-focused deployment.

KEYWORDS: Esophageal Cancer Detection, Deep Learning, Medical Image Analysis, Convolutional Neural Network,
Adenocarcinoma, Endoscopy Al, Clinical Decision Support

L. INTRODUCTION

Knee and leg pain are common concerns in older adults and may interfere with walking, standing, climbing stairs, and
everyday activities. Osteoarthritis is one important cause of joint pain and disability, but symptoms can also arise from
inflammatory arthritis, injuries, muscle or tendon conditions, nerve disorders, fractures, infection, or vascular problems.
As the population ages, accessible ways to organize symptoms and support timely consultation are increasingly valuable.
However, an online tool cannot replace a clinical history, physical examination, or investigations selected by a qualified
healthcare professional.

Conventional assessment of knee pain relies on information from the patient, clinical examination, and imaging when
appropriate. These steps can be difficult for people who have limited access to healthcare or who struggle to describe
their symptoms. Digital decision-support applications can provide a structured process for collecting information and
communicating possible next steps. Rule-based methods are useful when the reasons behind each output should be
visible, while machine-learning methods can identify image patterns that are difficult to define using manual rules.

The Elderly Knee and Leg Pain Diagnosis System, referred to in this paper as the proposed system, combines two separate
pathways. The first uses a weighted rule engine to rank possible explanations for user-reported symptoms and to display
selected safety warnings. The second uses a MobileNetV2-based image model to estimate knee osteoarthritis severity
from an uploaded X-ray. The two outputs address different aspects of assessment and are not combined into a confirmed
medical diagnosis. The goal is to support understanding and encourage appropriate consultation, not to replace
professional care.
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II. RELATED WORK

SI. No. Author & Year Research Work Methodology Findings/
Relevance
1 Kellgren and | Radiological X-ray-based grading | Introduced the
Lawrence (1957) Assessment of standard  grading
Osteo-Arthrosis system for knee
osteoarthritis
severity.
2 Lutjens et al. (2017) | Deep Learning in | CNN and deep | Demonstrated Al
Medical Image | learning applications in
Analysis medical image
classification  and
detection.
3 Tajbakhsh et al. | CNNs for Medical Transfer learning Demonstrated the
(2016) Image Analysis effectiveness

models medical
image classification.
4 Sandler et al. (2018) | MobileNetV2 Lightweight CNN Introduced an
efficient
architecture for
image feature
extraction with
reduced cost.

5 Chen and Or (2023) | Knee Pain and | Automated Machine | Predicts knee pain
Osteoarthritis Learning (AutoML) | progression and
Prediction supporting early of

possible conditions.

II1. PROPOSED ALGORITHM

The proposed Elderly Knee and Leg Pain Diagnosis System uses symptom analysis and MobileNetV2-based deep
learning to assess knee and leg pain and estimate osteoarthritis severity from X-ray images.

The system integrates symptom assessment, red-flag detection, X-ray classification, clinical guidance, and PDF report
generation to support healthcare decision-making.

3.1 Symptom acquisition and validation

The user enters structured information about the symptoms and relevant history. The request schema validates the
expected fields before the assessment engine processes them. The quality of the output depends on the completeness and
accuracy of user-provided answers. The system does not independently verify the user's symptoms or medical history.

3.2 Weighted rule-based symptom assessment

The engine calculates a score for each candidate condition when the associated symptom rules are satisfied. For example,
crepitus, gradual onset, age above 55, and prior arthritis can add points to the osteoarthritis candidate. Prolonged morning
stiffness and swelling can contribute to the rheumatoid arthritis candidate. Sudden severe pain with swelling and a history
of gout can contribute to the gout candidate. Locking or recent injury can contribute to the meniscus or ligament injury
candidate, while numbness, weakness, or a history of diabetes can contribute to the peripheral neuropathy or nerve-
compression candidate.

After scoring, the engine ranks the candidates and returns up to three possibilities with plain-language explanations. This
distinction should be clearly stated in the user interface and any report.
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3.3 Red-flag rules and urgency
Safety-oriented rules are evaluated before the ordinary weighted scoring. For example, fever with swelling and inability
to bear weight triggers a message to seek immediate care. Sudden onset, inability to bear weight, and recent injury also
trigger urgent assessment advice. Other conditions can be serious even when these exact combinations are absent;
therefore, the rules cannot be used to rule out emergencies.

3.4 Knee X-ray preprocessing

The X-ray service accepts JPEG or PNG image data. The uploaded image is decoded and converted to RGB, resized to
224 x 224 pixels, converted to a floating-point array, and scaled to the range [-1, 1]. This preprocessing is consistent with
the MobileNetV2 preprocessing used by the model pipeline. The preprocessed image is then supplied to the trained Keras
model.

I, = Normalize (Resize (RGB(I), 224 x 224))

Where I is the uploaded image and I, is the preprocessed image.

Enter Patient Symptoms OPTIONAL X-RAY Upload Knee X
d Medical Hist — pioad’Anec A-ray
S : s : li e —
l Validate Symptom Data | Decode and Convert to RGB l

& ¥

| Resize to 224 x 224 I

¥

| Normalize Pixels to [-1, 1] |

Display Urgent-Care
Message

<

Red-Flag Symptoms
Present?

| Show Safety Disclaimer | MobileNetV2 | — Pretrained
Weighted Rule-Based Transfer Learning Weights
Assessment ‘
J Ordinal KL Grade Estimation
Rank Up to Three 04
Possible Conditions ‘
‘ Display Estimated Grade
Display Explanations and and Grade Probabilities
Care-Seeking Guidance
Generate PDF Report

(if requested)

2

Recent Assessment History

Decision-support prototype only; not a substitute for professional medical diagnosis.

Fig.3.4.1 Methodology of Elderly Knee and Leg Pain System

3.5 MobileNetV2-based KL grade estimation

The image model uses MobileNetV2 transfer learning and an ordinal output structure. Four sigmoid outputs represent
cumulative thresholds corresponding to P(grade > k), for k = 1, 2, 3, and 4. Training occurs in two stages: first, the
classification head is trained while the pretrained backbone is frozen; second, the upper portion of the backbone is fine-
tuned. The training pipeline uses image augmentation and class weighting to address variation and class imbalance.

The KL grades are interpreted as follows: grade 0, no radiographic osteoarthritis; grade 1, doubtful changes; grade 2,

mild changes; grade 3, moderate changes; and grade 4, severe changes. These labels describe radiographic appearance
and must not be presented as a direct measurement of pain or a treatment recommendation.
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3.6 Report generation and history

The Clinical Report Generation module analyzes patient details, symptoms, and X-ray images using the MobileNetV2
model to predict possible knee conditions. It generates a downloadable PDF report containing diagnosis results,

confidence score, and personalized recommendations, including exercises, precautions, and lifestyle suggestions.

=9 Clinical Report Generation

— Comprehensive analysis and personalized report for better knee and leg care.
OrthoSense - Elderly Knee and Leg Pain Diagnosis System

e 1. Patient Details @ 2. Symptom Analysis 3. X-ray Analysis 4. Deep Learning Model

3 * MobileNetV2 (transfer learning)
« Patient ID it
5 =3 « Pain level (0-10) Lo " « Trained on knee X-ray dataset
sihge = p + Swelling ® = =) =»  « Predicts osteoarthritis grade
+ Gender - « Stiffness y (Grade 0 - Grade 4)
* Medical History « Difficulty walking « Preprocess image Grade

+ Detect features & grade severity it

(e.g., previous injuries, Z 3 Trained Prediction
chibnis conditions) Other symptoms Use Deep Learning model =P Model -> T

+ Predicted grade (e.g., Grade 2) « Exercises (safe and effective) X3 « Compile all details

« Confidence score (if available) . = .
- ¢ ) o Precautions (avoid high impact, -> Format professional report
= + Detected symptoms & findings use support, etc.) « Include images, prediction, m
« Possible health 5 /6 and recommendations
Database 'ossible health concerns Lifestyle suggestions L r }”

@ 5. Diagnosis Results 0 6. Recommendations 7. Clinical Report Generation
‘.‘
-

(weight management, diet, etc)

Example: * When to consult a doctor

Grade 2 - Moderate Osteoarthritis Utsab itonses e paits] e
Confidence: 88.5% Downloadable PDF Report

‘ Q Final Output

A complete and easy-to-understand clinical report with patient details,

symptoms, X-ray analysis, diagnosis, and personalized recommendations.

Fig. 3.6.1. Clinical Report Generation

3.7 Pseudocode

Step 1: Start the web application and backend services.

Step 2: Receive symptom answers from the user.

Step 3: Validate the submitted symptom data.

Step 4: Check selected red-flag combinations.

Step 5: If a red flag is present, return the corresponding urgency message.
Step 6: Otherwise, apply weighted rules and rank possible conditions.

Step 7: Display candidate explanations, care-seeking guidance, and disclaimer.
Step 8: If an X-ray is submitted, convert it to RGB and resize to 224 x 224,
9. Step 9: Scale pixel values to [-1, 1] and run the KL grading model.

10. Step 10: Return the estimated KL grade and model probability information.
11. Step 11: Generate a PDF report if requested and expose recent history.

12. Step 12: End the request.

PRAIN W=

IV. SIMULATION RESULTS

The project includes a frontend and Fast API backend with symptom assessment, X-ray grading, PDF report generation,
assessment history, and model status APIs. The frontend also supports symptom assessment using a TypeScript fallback

when the backend is unavailable.
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Skin &

"\{ OrthoSense Home i Diagnose History (’:‘n::’:( Wound About FAQ Guides
Mhxky Check

See what's beneath
the pain

 Answer a few plain-language questions

about your knee ot leg pain and getan
Instant, sasy-to-understand result — pius a
report you can bring to your doctor.

Start Diagnosis

OrthoSense helps elderly patients and N e
caregivers understand knee and leg Check a skin or wound concern
pain through a simple symptom check
and clear, Al-guided next steps.

‘T Accessibility

Fig. 4.1. Homepage for Orthosense

The OrthoSense Home Page provides a user-friendly interface for elderly patients and caregivers to understand knee and
leg pain. It features a simple navigation menu with options such as Home, How It Works, Diagnose, History, X-ray
Check, Skin & Wound Check, About, FAQ, and Guides. The page allows ions and receiving an easy-to-understand
assessment with a report to share with a doctor. It also provides a separate option for checking skin or wound concerns
and includes accessibility features to improve usability.

Get Started

How it works

Three simple steps — no medical background needed

o +
& B
Answer a few questions Get aninstantinsight Take a report to your doctor
Tell us where it hurts, how long it's Our triage engine matches your Download a clear, doctor-ready
lasted, and how it feels — in plain symptoms against common knee and summary — or find the right specialist
language, one question at a time. leg conditions and flags anything to see next.
urgent.
© Private & secure & Built for elder accessibility (@® 3-minute assessment [® Doctor-ready reports

T Accessibility v

Fig. 4.2. How it Works Page

The How It Works Page explains the steps involved in using the OrthoSense system. It guides users through entering
their symptoms, completing the assessment, reviewing the results, and understanding the suggested next steps. This page
helps users understand the system's workflow.
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©

Before we begin

s a symptom-triage and awareness tool. It is not a

nosis, and it never replaces a qualified healthcare

Decline
T Accessibility v

Fig. 4.3. Diagnosis Page

The Diagnose Page allows users to enter information about their knee or leg pain, including pain severity, duration,
swelling, stiffness, injury history, and other relevant symptoms. The system evaluates the submitted information using
weighted rules and provides possible conditions with explanations and care-seeking guidance.

/\ SeeaDoctor Soon
Your symptoms warrant medical attention within the next few days. Please schedule an

appointment

Rheumatoid Arthritis

mmune) type of arthrltis, It often

in of the muscles of tendons around the

ag T Accessibility v
Specializes in autoimmune and inflammatory conditions ke rheumatold arthrits

d lupus.

Pain relief and daily care

Rest from activities that worsen the pain, and return to movement gradually as comfortable
For a recent injury or swelling, wrap a cold pack in cloth and apply for up to 15-20 minutes at
atime

Do not start or change pain medicines based on this result. Ask a docto
is safe for you, especially if you take other medicines or have ongoing

armacist what
conditions

mptom checker cannot issue a prescription or detarmine which medicine is safe for you

Healthy eating for joint health

Food is not a treatment for the cause of pain, but a balanced eating pattern supports overall
health

Breakfast: oats or whole-grain toast with fruit and plain yogurt or another protein source.

Lunch: vegetables, beans or lean , and a whole grain such as brown rice.

Dinner: vegetables with fish, tofu, or another protein, plus potatoes or whole grains.

Drink water regularly and choose fruit, nuts, or unsweetened yogurt instead of highly
processed snacks when practical

[® Download PDF Report Find a Specialist >
Starta new assessment © View assessment history
T Accessibility v

Fig. 4.4. Diagnosis Results and Health Guidance Page
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The Diagnosis Results and Health Guidance Page display possible conditions based on the user's symptoms, along with
explanations and recommendations. It provides guidance on when to seek medical attention and suggests a suitable
specialist. It helps users understand their assessment results and make informed decisions about seeking medical care.

rheumatologist near me knee leg sg  Q X

Dr. Ashish BC - Best

Saved Orthopedic Doctor in ® @
Davanagere | Bone, Joint,
Hip, Knee Replacement
Surgeon
50 (194)

Ortl

Website  Directions

c surgeon - & - Hadad!

® ®
Website ~ Directions

ABDUr 2 g

PRASHANTI SUPERSPECIALITY CLINIC
| Or Pramod G R | Best nephrologist | ®
Dr Deepti Agarwal | Arthritis doctor
5 1

Directions

pens 12:3(

A Images
o 5 5 Frns — StreetView -~ Photo Path @ Photo Sphere

D Orthopaedic surgeon, Joint
Getapp [

Fig. 4.5. Find a Specialist Page

The Find a Specialist Page helps users locate nearby healthcare professionals and clinics for knee and leg pain concerns.
When users click the “Find a Specialist” button, the system opens a map-based search displaying relevant doctors, clinics,
ratings, contact details, and directions. It helps elderly patients and caregivers identify suitable healthcare providers and
find locations for further medical consultation.

€ Back to result

A Assessment History

Review your past assessments and their urgency levels

Gout—aryan A See Doctor Soon

Rheumatoid Arthritis —kshama A See Doctor Soon

Fig. 4.6. Assessment History Page
The History Page provides access to recent assessments made through the system. It helps users review previous

assessment results and refer to the information when discussing their symptoms with a healthcare professional. In the
current demonstration, history may be stored temporarily and may not persist after the backend restarts.
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]
< X-ray Severity Check

ad or capture a knee X-ray to estimate its Kellgren-Lawrence (KL)

4. This model cannot assess pain or diagnc

Frontal Knee X-Ray Anatomy.png

> Choose another image (@ Use camera

your permi

> Analyze Severity
s

Fig. 4.7. X-ray Severity Check

The X-ray Check Page allows users to upload a knee X-ray image in a supported format, such as JPEG or PNG. The
system preprocesses the image and uses a MobileNetV2-based deep-learning model to estimate the Kellgren—Lawrence
grade of radiographic osteoarthritis from 0 to 4. The result describes the estimated X-ray grade and should not be treated
as a confirmed diagnosis.

® Skin & Wound Concern Check

Upload or capture a photo of a red, irritated, or wounded area around your knee or leg, then answer a few safety
questions. The photo is not analyzed by Al and cannot identify a disease. This page provides symptom-based
safety guidance only.

Optional photo

photo to upload.png

B4 Choose another photo (@) Use camera

Camera use requires permission and a secure connection (HTTPS or localhost).

Fig. 4.8. Skin & Wound Concern Check
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What is happening?

Select all that apply. If unsure, contact a healthcare professional.

The redness is spreading or getting worse quickly

The area feels unusually warm or is swollen

[< ] < |

I have a fever or feel very unwell

There is an open wound, drainage, or pus

8 0

One calf/leg is newly more swollen than the other

I have shortness of breath or chest pain

O 0

The pain is severe or the leg looks badly injured

Show guidance

() Geturgent medical care today

Redness, warmth, or drainage together with fever can be signs of a skin or soft-tissue infection.
These symptoms need prompt in-person assessment; a photo cannot rule out a serious problem.

What to do next

+ Contact urgent care or a clinician now; go to emergency care if symptoms are rapidly worsening or you
feel very unwell.

« Keep the area clean and loosely covered if there is an open wound. Do not squeeze, cut, or apply
unprescribed creams.

+ Do not delay care to take or upload more photos.

Fig. 4.9. Urgent Medical Guidance for Skin and Wound Concerns

The Skin & Wound Concern Check module helps elderly people identify possible skin-related problems around their
knees and legs. It allows users to upload or capture photos of the affected area and select symptoms such as redness,
swelling, fever, and wounds. If serious warning signs are detected, it displays an urgent medical alert and advises users
to consult a healthcare professional. This module helps users understand potential risks and seek timely medical attention.

A+ About OrthoSense

Helping everyone — especially the people who need it most — understand knee and leg pain.

Qur mission

Millions of older adults live with knee and leg pain, and far too many don't know what it
means or what to do next. OrthoSense exists to change that.

We turn confusing medical information into a simple, guided check — so you or the person

you care for can understand the pain, know its urgency, and walk into a doctor's visit

prepared
What we do
Plain-language triage () Built for caregivers too
Answer simple questions about your knee Useful guidance for the people helping
or leg pain and get an instant, easy-to elderly patients manage their pain day to
understand result. day.
=0; Doctor-ready reports O Safety first
B
Download a clear summary of symptoms Urgent warning signs are flagged
and suggested next steps to bring to your immediately so nothing serious is missed.
appointment.

Fig. 5.0. About OrthoSense
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The About OrthoSense section explains the main purpose of our project. It helps elderly people understand their knee
and leg pain in simple words. It provides easy symptom checking, guidance for caregivers, and reports that can be shared
with doctors. It also highlights serious warning signs and suggests when to seek medical help. The main aim is to make
knee and leg pain care easier and safer.

® Frequently Asked Questions

Quick answers to common questions about OrthoSense, how it works, and what to do with your results

° Getting Started Medical Accuracy Urgency & Safety Privacy & Data

Using Results For Caregivers Technical
Getting Started  What is OrthoSense and how does it work? v

Getting Started Do | need to create an account to use OrthoSense?

Getting Started  |s OrthoSense free to use? N
Medical Accuracy  |s OrthoSense a medical diagnosis? ™
Medical Accuracy  How accurate are the resuits? v
Medical Accuracy  What conditions can OrthoSense identify? b

Fig. 5.1.Frequently Asked Questions

The Frequently Asked Questions (FAQ) section provides answers to common questions about the OrthoSense system. It
helps users understand how the system works and how to use its features. Users can search for questions and find answers
under different categories like medical accuracy, safety, privacy, and technical support.

m Guides & Resources

Practical, plain-ianguage articies for patients and caregivers navigating knee and leg pain

o For Careglvew Understanding Conditions Self-Care & Prevention Ndvigallng Care
@ QO (ua]
Understanding Conditions
How to Talk to a Loved One About Preparing for a Doctor's Common Knee Conditions in Older

Their Pain Appointment Together Adults: A Plain-Language Guide

Q [y 0]
inderstanding Conditions Self-Care & Prevention

Leg Pain That's Not the Knee: Hip, Home Management for Knee and Fall Prevention for People with

Back, and Vascular Causes Leg Pain: What Actually Helps Knee/Leg Pain T Accessibility ~
ometimes “knee pain" actually comes Evidence-based self-care strateqies Pain and Instability increase fall risk

Fig. 5.2. Guides & Resources Page
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The Guides & Resources section provides useful information about knee and leg pain for elderly people and caregivers.
It includes articles about common knee problems, doctor appointments, home care, and self-care tips. Users can search
for guides and select different categories to find information easily. It helps elderly people understand their health
problems and learn how to take better care of their knees and legs.

4.1 Performance Evaluation

The saved metrics file reports a test set of 1,656 images. The model achieved 47.83% exact-grade accuracy and 72.71%
accuracy within one KL grade. Class-level results are shown in Table 5.1. These figures describe the stored model
evaluation and should be rechecked by running the final training and evaluation pipeline before publication.

Y

Metric / Grade Precision Recall Fl-score
Grade 0 48.18% 97.34% 64.46%
Grade 1 0.00% 0.00% 0.00%
Grade 2 46.47% 32.44% 38.21%
Grade 3 45.45% 8.97% 14.98%
Grade 4 71.43% 0.80% 17.24%
Macro average 42.31% 20.71% 26.98%
Overall exact-grade — 47.83% —
accuracy

Accuracy within one grade | — 72.71% —

Table 4.1:X-ray model metrics reproduced from the project's saved metrics.json file.

4.2 Recommended evaluation procedure

A publication-ready evaluation should report a confusion matrix, per-class precision/recall/F1, macro-F1, balanced
accuracy, an ordinal agreement metric such as quadratic weighted kappa, and confidence intervals where possible. The
authors should verify the dataset source and license, document the split procedure, and ensure that related images from
the same patient do not appear across training and test sets. External validation on an independent dataset is
recommended. Any performance claim should be based on a reproducible run of the exact model submitted with the

paper.
V. CONCLUSION AND FUTURE SCOPE

The Elderly Knee and Leg Pain Diagnosis System is a web-based prototype that combines weighted symptom assessment,
selected red-flag triage rules, knee X-ray osteoarthritis grading, PDF report generation, and recent assessment history. Its
rule-based component provides understandable candidate explanations, while the MobileNetV2-based model estimates
radiographic KL grades from uploaded knee X-rays. In the saved evaluation, the X-ray model achieved 47.83% exact-
grade accuracy and 72.71% accuracy within one grade across 1,656 test images. However, the class-wise results—
particularly the zero recall for grade 1 and low recall for grades 3 and 4—show that the model requires substantial
improvement. The system should therefore be considered a preliminary educational and decision-support prototype rather
than a tool for independent clinical diagnosis.

Future development should focus on improving class-wise model performance, validating data splits and dataset
licensing, adding confusion-matrix and ordinal metrics, and testing the model on independent datasets. The symptom

rules should be reviewed by healthcare professionals and evaluated prospectively before any clinical use. Additional
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work should improve accessibility for older adults, strengthen privacy and security, replace temporary history storage
with an appropriate secure data store, and ensure that uncertainty and care-seeking guidance are clearly communicated.
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