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ABSTRACT 

This paper deals with the detection of the most common disease in the joints in knee, Osteoarthritis (OA) of 

any age group of people. According to the centers for Disease Control and Prevention (CDC), OA affects 

27 million Americans. In our paper, we have proposed a new algorithm to detect OA using pattern 

recognition  which is more accurate for finding the severity of the knee OA than the existing methods in 

which the accuracy level was not sufficient enough for OA analysis.  OA analysis involves following steps: 

first, collection of X-ray knee images of different people. Secondly design a filter and then extract feature 

vector as dataset and classify each dataset based on different KL- grade. This gives clearer image and better 

result when compared with the previously existing filter.  
Keywords: Automated Detection, Image Classification, Kellgren–Lawrence (KL) Classification,   

                   Osteoarthritis (OA), XRray. 

 

 

1. INTRODUCTION  

 

Osteoarthritis is a form of arthritis that 

features the breakdown and eventual loss of the 

cartilage of one or more joints. Cartilage is a 

protein substance that serves as a cushion between 

the bones of the joints. Among the over 100 

different types of arthritis conditions, osteoarthritis 

is the most common joint disease [1]. It is a 

prevalent but poorly understood disease affecting 

millions of adults [2]. 

 

It is estimated that ∼80% of the population 

over the age of 65 have radiographic evidence of 

OA [3]. It is also estimated that more than 16% of 

all adults 45 years or older suffer from symptomatic 

OA of the knee [4]. Articular cartilage loss is a 

prominent, pathophysiological component [5], [6]. 

Patients may present with joint pain, often 

accompanied by articular cartilage and meniscal 

damage, synovial inflammation, osteophytes, and 

joint space loss. Symptoms include swelling, pain, 

discomfort, locking, and other problems in mobility 

[3]. Early diagnosis is crucial for clinical treatments 

and pathology [7, 8].  

 

 Due to the high prevalence of OA, there is 

an emerging need for clinical and scientific tools 

that can reliably detect the presence and severity of 

OA. Despite the introduction of several imaging 

modalities such as MRI, Optical Coherence 

Tomography and ultrasound for augmented OA 

diagnosis, the radiography (X-ray) has been 

traditionally preferred, and remains the main 

accessible tool and “gold standard” for preliminary 

knee OA diagnosis [7,9,10]. The common X-ray 

findings of OA include destruction of joint 

cartilage; joint space is diminished between 

adjoining bones and bone spur formation [13]. 

 

 Previous work has approached 

automatically assessing knee OA severity [8, 10, 

12] as an image classification problem. Image 

analysis is performed by first identifying a set of 

image content descriptors and image transforms 

that are informative for the detection of OA in the 

X-rays. X-ray images become the most prominent 

International Journal of Pure and Applied Mathematics
Volume 119 No. 7 2018, 869-874
ISSN: 1311-8080 (printed version); ISSN: 1314-3395 (on-line version)
url: http://www.ijpam.eu
Special Issue ijpam.eu

869



 

 

 

 

for the analysis of the OA severity analysis [14]. 

The x-ray images are not only used for knee joint 

detection but also for various applications like the 

breast mass detection [15].  

 

2. EXISTING ALGORITHM 

The existing work involves Local Binary 

Pattern (LBP) filter most commonly used for fining 

the OA severity from the x-ray images. The Local 

Binary Pattern (LBP) feature vector algorithm 

includes the following steps.  Firstly, the examined 

window is divided into cells. Secondly, each pixel 

in a cell is compared with the pixel to each of its 8 

neighbors (on its left-top, left-middle, left-bottom, 

right-top, etc.). This is followed for all the pixels 

along a circle either clockwise or counter-

clockwise. The next step is to compare the center 

pixel value with the neighboring pixels and an eight 

digit binary value is assigned for each pixel. Then 

the histogram is computed for each cell and it is 

normalized to obtain the desired result. Finally, the 

histogram of the entire cell is concatenated to 

obtain the response. But, the result of this 

estimation is not accurate and the image obtained 

after the estimation is not clear. Hence the 

estimation of severity of OA has become more 

complex. Hence we propose a new filter for OA 

analysis. 

Manuscripts must be in English (all figures 

and text) and prepared on Letter size paper (8.5 X 

11 inches) in two column-format with 1.3 margins 

from top and .6 from bottom, and 1.25cm from left 

and right, leaving a gutter width of 0.2 between 

columns.  

 

3. PROPOSED FILTER ALGORITHM 

 

The proposed Extended Local Binary 

Pattern (ELBP) filter includes the following steps 

for imaging the x-ray images and to obtain the 

response to detect the severity of OA. The steps 

include the division of the entire image into the 

cells. Secondly, the center pixel is assumed and the 

neighboring is compared and the neighboring pixel 

is given one digit binary number. Here, the 

comparison in done in such a manner that if the 

center pixel is less than or equal to minimum of 

five neighbors then "1" is written otherwise "0" is 

written. Hence each eight bit has been replaced by 

single digit either “1” or “0” thereby reducing the 

complexity. The result of the image obtained from 

the ELBP filter is much better when compared with 

the LBP filter. 

 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 1: Block diagram of ELEB filter 

 
Figure 2: Flowchart of steps involving in proposed   filter 

for OA analysis 

 

 In the ELBP filter different KL-grade of 

OA can be accurately mapped. Since we are able to 

map, we can apply the classification algorithm to 

have higher accuracy. 

 

3. KL GRADE ANALYSIS 

 

 Kellgren-Lawrence Grading System is the 

most validate method for classifying the knee OA 

severity of individuals. The scale of the KL grading 

system is divided into five grades. 
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Grade 1: Indicate there is no knee OA or doubtful 

narrowing of joint space and possible osteophyte 

lipping 

 

Grade 2: definite osteophytes, definite narrowing of 

joint space 

 

Grade 3: moderate multiple osteophytes, definite 

narrowing of joints space, some sclerosis and 

possible deformity of bone contour 

 

Grade 4: large osteophytes marked narrowing of 

joint space, severe sclerosis and definite deformity 

of bone contour.  

 

 This classification is based on features of 

osteophytes (bony growths adjacent to the joint 

space), narrowing of part or all of the tibial–

femoral joint space, and sclerosis of the 

subchondral bone. Based on these three indicators, 

KL classification is considered more informative 

than any of the three elements individually. 

 

5. PATTERN COMPARISON BETWEEN 

EXISTING AND PROPOSED SYSTEM  

 

 Cropped and resized X-ray knee image 

shown in Figure 3 is the region of interest where we 

are going to apply the filter to find the feature 

vector. Existing local binary filter (LBP) is applied 

to the region of interest and result of the generated 

pattern is shown in Figure 4 .The result of the 

ELBP filter pattern is shown in the Figure 5, where 

pattern response is much better than the existing 

one. As the intention to compare the ELBP filter 

with the LBP filter, the same x-ray images were 

applied for both the filters 

 

 
 
Figure 3: Original Image 

 

 
 

Figure 4 : LBP filter image 

 

 
 
Figure 5: ELEB filter image 

 

6. RESULT AND DISCUSSION 

 

Each dataset will give summation of the 

entire pixel in the image which we will use it 

for feature vector estimation. These are 

collected and tabulated based on KL-grade for 

both the filter. 

 

The following is the table which shows the 

feature vector of the x-ray images for LBP 

filter. 

 

 
Table 1: Feature vector of the x-ray images for 

LBP filter. 
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The following is the table which shows the 

feature vector of the x-ray images for ELBP filter. 

Mathematically we are applying cross correlation 

function to both the filter so as to prove which one 

is better. Cross correlation function have been 

applied between all the KL-grade of both filter. 

These results have been tabulated. Cross correlation 

function is used to compare different KL-grade and 

we now that it should have non-zero value.    

  

Table 2: Feature vector of the x-ray images for 

LBP filter. 

 

S.No Grade1 Grade2 Grade3 Grade4 

1 35011 35681 35695 35959 

2 31279 29201 33922 33062 

3 31998 31450 29989 32678 

4 33562 32876 34527 34890 

5 35000 35120 35134 35140 

6 35267 35300 35489 35723 

7 29890 30000 29999 31021 

8 32198 32678 32711 32167 

9 32671 32190 32321 32456 

10 35891 36511 35999 35672 

 

 

The values of the correlation value of the LBP filter 

for the feature estimation is given below  

 
Table 3:Cross correlational function of LBP filter. 

 

Grade 1 2 3 4 

1 0 0.64409 0.2127 0.56886 

2 0.64409 0 0.5206 0.05514 

3 0.21273 0.52055 0 0.1625 

4 0.56886 0.05514 0.1625 0 

 

 The correlation function obtained for the 

same data set and the same feature vector value of 

the x-ray images of the individuals is shown below 

 
Table 4:Cross correlational function of LBP filter 

 

Grade 1 2 3 4 

1 0 0.9572 0.8585 0.9381 

2 0.9572 0 0.7553 0.8459 

3 0.8585 0.7553 0 0.9045 

4 0.9381 0.8459 0.9045 0 

 

 

 The values implies the cross correlation 

between two different grade. For example the value 

„0.9572‟ indicates the cross correlation  function 

between grade 1 and grade 2. Similarly other values 

are tabulated. 

 The values in the above two table clearly 

states that the LBP filter correlation values are too 

low i.e. the maximum value of correlation factor 

obtained using the LBP filter was 0.644 only which 

is too low for the accurate estimation of the severity 

of the knee OA, whereas in the ELBP filter the 

correlation function of the x-ray images  has the 

larger value and better result when compared to the 

LBP filter. The maximum value obtained using the 

ELBP filter is 0.957. 

 

 Hence the above result shows that the 

ELBP filter gives more accuracy during the feature 

extraction and it can be done simultaneously to 

about more than 50000 images. Hence the ELBP 

filter gives more in terms of quality and quantity. 

 

7. CONCLUSION AND FUTURE WORK 

 

 Local binary pattern (LBP) is the existing 

filter where the pattern is not accurate and the 

response is not good for OA analysis. Hence a filter 

having higher accuracy pattern is designed and it 

helps in the OA analysis from the x-rays of the 

individuals.  The results obtained from the dataset 

of images gave a better accuracy in the feature 

vector estimation using the ELBP filter. The above 

results shows that different KL-grade of OA can be 

mapped accurately using the ELBP filter.  

  

 Since we are able to map the KL grade, as 

the future work we can apply the SVM 

classification algorithm and KERNAL function to 

the filter and we can expect to have the higher 

accuracy. 

S.No Grade1 Grade2 Grade3 Grade4 

1 
4962358 501749 5060195 5026814 

2 5827748 582705 5219759 5343492 

3 5567891 550000 5312457 5678952 

4 4812345 48920 4987203 4900000 

5 5189203 5483729 4897263 5123450 

6 5098721 4801293 5378218 5567892 

7 5342681 5436278 5572893 5426182 

8 5019282 5873621 5982731 4872612 

9 5627189 5542618 5426711 5019234 

10 5678892 5679012 5679234 5679999 
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