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ABSTRACT

Knee osteoarthritis (OA) is a prevalent chronic condition in the elderly, primarily
caused by degeneration of articular cartilage. It leads to pain and restricted mobility, and is often
diagnosed at an advanced stage. Risk factors include obesity, genetic predisposition, and skeletal
deformities such as valgus and varus knees. This study aimed to evaluate the potential of artificial
intelligence (Al) and machine learning (ML) techniques in the statistical analysis and prediction of knee
OA severity using biomechanical and clinical data.

[VETEEE Based on a follow-up study, radiographic knee joint images were analyzed using Al-based
methods to extract bone boundaries. Key biomechanical parameters, including joint space width (JSW),
femoral-tibial angle (FTA), and joint line convergence angle (JLCA), as well as clinical variables, such as
weight, height, body mass index (BMI), age, and gender, were measured. ML models, including K-nearest
neighbors (KNN), artificial neural networks (ANN), binary and multiclass CatBoost, and random forest
classifiers, were used in statistical analysis to determine the relationship between these variables and OA
severity. Also, statistical regression and Pearson’s correlation coefficient were used to analyze the data.
[T The results showed that minimum JSW, FTA, JLCA, and weight significantly affected OA progression.
The binary CatBoost model achieved 82% accuracy, and the multiclass CatBoost model demonstrated
60% accuracy with 73% sensitivity for identifying mild OA cases based on biomechanical parameters.
Additionally, the random forest classification framework within CatBoost achieved an overall accuracy of
54% and showed better performance in analyzing clinical parameters compared to other models.
[@TEIERY ML models, particularly CatBoost and Random Forest, demonstrate promising performance
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Introduction

nee osteoarthritis (OA) is a chronic, pro-

gressive joint disorder affecting a sig-

nificant portion of the aging population.

It is characterized by cartilage degrada-

tion, leading to joint pain, stiffness, and
impaired mobility. Traditional diagnostic methods often
detect OA in advanced stages, limiting opportunities for
early intervention. Several clinical factors, such as obe-
sity, age, genetic predisposition, and skeletal deformities
(e.g. varus/valgus knees), contribute to OA progression.
Moreover, biomechanical parameters extracted from ra-
diographic images correlate with disease severity. With
the advent of artificial intelligence (AI), machine learn-
ing (ML) offers new avenues for early OA diagnosis and
severity prediction by analyzing the complex interactions
between clinical and biomechanical data.

Methods

Data set: This study was based on a follow-up of partici-
pants in the APPROACH cohort (mean age: 66.5 years),
all of whom experienced knee pain. Image processing:
Bone boundaries were detected using BoneFinder (Uni-
versity of Manchester), biomechanical parameters, joint
space width (JSW), femoral-tibial angle (FTA), and joint
line convergence angle (JLCA), as well as clinical vari-
ables, such as weight, height, body mass index (BMI),
age, and gender were measured. were extracted via ODIA
(University of Birjand).

Image Processing: Bone boundaries were detected us-
ing the random forest technique, and biomechanical pa-
rameters such as JSW, FTA, and JLCA, as well as clini-
cal variables like weight, height, BMI, age, and gender,
were measured. These variables were extracted using the
ODIA software developed at the University of Birjand.

Modeling: Al and ML techniques were employed to
extract bone boundaries from radiographic images of
the knee joint. Biomechanical parameters such as JSW,
FTA, and JLCA, along with clinical variables like weight,
height, BMI, age, and gender, were measured. The ML
models used in this study included K-nearest neighbors
(KNN), artificial neural network (ANN), binary Cat-
Boost, multiclass CatBoost, and Random Forest classi-
fiers, which were used in statistical analysis to explore
the relationship between these variables and osteoarthri-
tis severity. Statistical regression and Pearson correlation
coefficient analyses were performed to evaluate the data.
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For data sampling and analysis, ML methods including
K-Nearest Neighbors (KNN), artificial neural networks
(ANN), and two CatBoost models (binary and multivari-
ate), were implemented in the Python environment. To
split the data into training and testing sets, binary clas-
sification models and stratified Random Forest classifiers
were applied to ensure a balanced distribution of osteoar-
thritis severity levels (based on the Kellgren—Lawrence
scale). To address class imbalance in the dataset, overs-
ampling was performed using the synthetic minority
over-sampling technique within the Python environment,
utilizing the imbalanced-learn library. Software and Li-
braries used for sampling and analysis:

Scikit-learn, imbalanced-learn, and pandas libraries for
data splitting and preprocessing.

Results

The results showed that minimum JSW, FTA, JLCA,
and weight had significant effects on OA progression.
The binary CatBoost model achieved 82% accuracy, and
the multiclass CatBoost model demonstrated 60% accu-
racy with 73% sensitivity for identifying mild OA cases
based on biomechanical parameters. Additionally, the
Random Forest classification framework within CatBoost
achieved an overall accuracy of 54% and showed better
performance in analyzing clinical parameters compared
to other models.

Conclusion

This study confirms the potential of ML-based ap-
proaches. ML models, particularly CatBoost and Random
Forest, demonstrate promising performance in predict-
ing and evaluating knee OA progression. These findings
highlight the potential of ML techniques as supportive
tools in clinical decision-making for OA diagnosis and
monitoring.
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5. Bone finder

6. Orthopedic Digital Image Analysis (ODIA)
7. Mathias

8. Convolutional Neural Network (CNN)

9. Tayyaba tariq

10. Deep learning

11. Cordinal classification

12. Matlab

13. Joint Space Width (JSW)

14. Macro Radiography

15. Femoro- Tibial Angle (FTA)

16. Random Forest (RF)

17. Whole- Organ Magnetic Resonance Imaging Scores (WORMS)
18. Logistic regression

2 el sl 5 (S plseas TS 00l; o5l
g g0 i ) st ol fake slacs slons parsets
Jeaio @ a0 1) (Sups 5 o slaglyid iy Jaie []
Jedoas g Sl ooy Jolio 050 5 Sl 5 o jl oS (o0
el daie Vb (35 > ansls 9 0l slaylad Joos
I¥] sl oo comn ol o 5o 5 Sonle e il
2 oS el loigy iy 5 ere Solom 55 5950,
Sl ol ot S5 > Cudgae g 00 algg.b Shake Bg i
Jaie 52 505 L2 oS o lsd 51 5 Ysans Cundg
IF ¥ 615 oo oty S o o)

wallas A Jaold o189 anepllas j9,0 Sy ulusl
sga Jlo TV o3 s gl el Sl ened
535 ks FOF Lo, Joles a5 Canl oa 5155 0o 0¥ Y/A
ladlas gl cpizmen [0 09 o 3)5lp Yo¥- Jlo o
lil 2 2,50 FYVE 5l5 595,1 Slar gt s g Lt 500
Ol ol g Sl 0593 (o yd FIVA Joleo) yas Vevye ot jo
@l oo, VIO a3l Y12 512 la Lo alols o
YL 3l g5, rolisle,S oy (glantllan ol o [F] el
e 3l ooy YAF 5 bs 5l aoys YD ol olis Jls b
ol 5 55 5955,] VL g Sl a5 el il 0,0 il
Y. VL 25 WO DUUSCINV. S P PP SO 112 RCN BUEURPONK ¢
ol oyl 0 S el S g00ly ol sl aS KLY us,Y
4z 0 ¢ plles Jade oaiolis oo ax 0 4S5 ebbas S o
95955 i S8 sl JAL ol spus 5951 S0Ly F
(oo )9 590l b 2o ey ol Jade s Slos 35t
olas [A] g, o0 Sa (S slogls B ran 5 )5 alS
99, Jabe (ol (Sellage Sl 50 (coge 285 g3l S
5 Szl JS i Led bl a4 F il e bl Gies
[Ve] o9 e ™ Slgseind slmonsl; ol

pg) (6 iy 9 paris (93lisy Sl aaz gl
Golfaus 5l )l (o) & goasie slaiagiy il 5955
5 Sl gloge 385 (5 yeoshul il s s5UsS
G (SR e lon Syt Jolod o lake sl
RPN

38l 51 ool b IV S ooy Lo anlllae
oo plodil Juaie | 85 St glas 5031l ((KIDA) oS
(SloFal Glojye 5 pgad il 3l §xSope b S

1. Radiography

2. Kellren-Lawrence

3. Osteophyes

4. Knee Image Digital Analysis (KIDA)
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25. Multiple Catboost (MC)
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19. K-Nearest neighbors (KNN)

20. Artificial neural network (ANN)

21, Applied Public-Private Research Enabling OsteoArthritis Clinical
Headway (APPROACH)

22, Fixed flexion radiography

23, Posterior view
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28. Joint- Line Convergence Angle (JLCA)
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26. Decision Tree
27. Overfitting
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34. Neuron

35. Forward propagation

36. Backpropagation

37. Gradient descent algorithm
38. Sigmoid function
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31. Statistical package for the social sciences
32. Python
33. Pearson’s Correlation Coefficient (R)
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43, Positive Predictive Value (PPV)
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39. Boosting
40. Yandex
41, Categorical data
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