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ABSTRACT: Osteoarthritis (OA) is a type of arthritis generally influences the cartilagethat covers the bones. The
effect of OA tends to break the cartilage layer thatrub the bones causing pain, swelling and loss of movements. The
proposed method uses the knee x-ray images of the effected person and detects the severity of osteoarthritis. The data
base consist 25 images of various persons. TheTemplate matching method is used to identify the region of interest
(ROI). TheSobel operator is used to detect the knee joint edges.The gap between the femur and tibia is identified at 7
different locations and the grades are assigned according to the severity of OA. The data points of the images are
applied to the Probabilistic Neural Network (PNN) classifiers. The PNN classifier classifies the image data with a
kappa value of 0.459 and classification based on KL grades for 5 (normal, doubtful, minimal, moderate, sever)
accuracyis 58.3%.
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I. INTRODUCTION

Osteoarthritis (OA) is a long-lasting, widespread and degenerative disease in India and Worldwide that affects 80% of
the population above the age group of 45 years [1]. The latest report reveals that knee OA is likely to become the
Fourth most common in women and eight most common in men. If OA occurs at the knee joint the space between two
joints narrows drastically [2] andthe surface layer of the ligaments break and wears away. Synovial fluid is present
between the femur and tibia. This broken ligaments floating on the synovial fluid then it starts paining. The edges of
the joint bony growth is called Osteophytes are sclerosis. Some normal causes that can prompts the improvement of
OA are age related ligament degeneration [3][4], hereditary[5],[6], injury, past proactive conditions, weakness [7],[8]
and vascular changes [9]. Most commonly OA can be observed at the knee joint. In rural areas OA signs are most
common than in urban and suburban population [10]. Due to the obesity and getting older Osteoarthritis may occur. So
many methods are proposed but Kellgren —Lawrence algorithm is gold standard validation method grades depends on
severity of the knee joint of 5 grades are Normal, Doubtful, Minimal, Moderate, Sever of OA joints as shown below in
table 1

Table 1: KL grades of KneeThe healthy joint as shown in Fig: 1.1 and OA joint Fig: 1.2

KL Grade OA Description
Grade 0 No Radiographic features of OA present(healthy)
Grade 1 Doubtful OA(reduces of joint space)
Grade 2 Mild OA(definite osteophytes—._ sclerosis)
Grade 3 Moderate OA(multiple osteophytes, sclerosis
Grade 4 Sever OA(large osteophytes,

sever sclerosis, bone deformity)
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Fig 1.1: Healthy knee joint Fig 1.2: Osteoarthritis joint

The main goal of this paper is to detect a method for the analysis of Osteoarthritis of knee joint. This paper consists of 5
Sections. In section-1 describes the Introduction of Knee Osteoarthritis, Section-2 various works done on Knee
Osteoarthritis, Section-3 tells about various techniques used to detect the Osteoarthritis of knee, Section-4 shows
Experimental Results and analysis, Section-5 consist of conclusion and future scope.

Il. RELATED WORK

From the past few decades X-ray images are very helpful for finding cracked bones, cancer bones, mostly in all types
of bones by this examination. We can identify different diseases that shows which is impossible for naked eye. Because
of its complexity, knee joint image segmentation became a crucial task. So many researches and work can be done and
still the process is going on. Image segmentation take an active role in Medical imaging application. As per the
Literature survey.Lior Shamir et al used Image analysis method for Automatic detection of OA. Feature extraction
algorithms like Zernike feature, multistate histograms, first four moments, Tamara texture features, etc are calculated.
Classification can be done by using Nearest Neighbour rule feature. The authors concluded that different stages of OA
and its accuracy are for moderate OA was 95% and distinguish from normal OA and 80% of minimal OA was
distinguish from normal OA.Tatl L. Mengko et al: In this papermachine vision method is used to perform unimpaired
joint space. Pre-processing is used for contrast stretching, and in Image rough rotation they derived angle parameter for
rotation using linear regression of the resulting binary image. By determining the arrays local minima position of the
joint space can be calculated. In the image fine translation method here the image smoothing using Gaussian function
and convolving the image with first order Gaussian function and then use edge detection method for detection of edge
and ROI detection is used to find the osteophytes. Feature extraction classification can be done by using neural
networks.

1. METHODOLOGY

This methodology consists of Data set, region of Interest, template matching, edge detection, and calculation of knee
distances.

3.1 Data set:

Database is attained with the help of reference paper total 25 normal subjects.

3.2 Region of interest detection:

From the dataset,select a knee x-ray image. From that whole knee x-ray image joint area is the required portion and the
rest of the image is unnecessary. By using ‘imcrop’ command in MATLAB crop the image.
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3.3 Template matching method

Template Matching is a method used to identify the knee joint.Template matching is a method used for the
identification of the region of interest that matches (or comparative) the template image (fix). For template matching
first select an original image that can be converted from RGB to grey scale and given to the cropped image and the full
image scanning process starts from block by block throughout the image and then apply correlation to theoriginal
image and cropped image and after correlation the region of interest is shown in a rectangular box using boxing
properties.

Cross—Correlation and normalized correlation are the types in image correlation technique in a template matching
method.

a.Cross-Correlation:

Cross Correlation refers to the complete correlation between the two images i,e the template image(ROI) and original
image.

Cross-Correlation of two images (imagel, image2)=) imagel x, yXX,y image2 x,y

Here we have taken two pixels i.e imagel refers to full image and image2as theROI image and their pixel arranges x
and y.By this correlation of two images where the knee joint is present it shows the peak value of an image as shown in
Fig: 3.3

b. Normalized Cross-Correlation:In NCC, face recognition and template matching technique is used.First image can be
normalized and due to lighting and exposure conditions the template image may vary theirmean and standard deviation
that could be applied to the image. In NormalizedCrossCorrelation
NCC(imagel,image2)=1/Nolo20 ¥, ,[(imagel(u,v) — imagel) x (image2(u, v) — image2)]

Where

Two imagesl and image2 and u, v are pixel coordinates and ¢ is some constant [11]. By using Surf function the
similarity can be shown in a graph in Fig: 3.4.

3.4 Edge detection:

Edge detection is used to identify the sharp discontinuities of an image without noise. In Edge detection method Sobel
operator is used. Because Sobel operator method shows fine edge in all stages of knee joint then canny, prewitt, Log, as
shown in Fig 3.5 and then apply histograms to these edge detection method as shown in Fig:3.6

3.5 Knee Distance Calculation:

Osteophytes or sclerosis is formed in between the femur and tibia edges of the bone. It is used for finding the knee joint
space detection process not for grading schemes.

In the knee joint imagetotal 7 symmetrical point are be taken from that 1% point is symmetric to the 7" point and 2™
point is symmetric to the 6" point like that we can take as shown in Fig 3.7

After taking those points consider femur edge of the bone value as point X1and tibia edge of the joint bone can be
taken as point X2. When the point X2 is subtracted from point X1 then the distance value is obtained. This value can be
taken as knee space. [12]

3.6 Assigning Grades and stage detection of the knee joint:

In this step knee area can be calculated by using binarization method. Image having two pixel either black (0) or white
(1). For that we can calculate pixel values of knee space

Pixels = Width (W)*Height (H).[13][14]

In this width is 1 unit for one point and Height is as shown above

Where, 1 Pixel =0.264mm

The area calculation formula is

Size of knee joint is, S = [pixel*0.264] mm

mm = milli meter

The knee joint distance is calculated in milli meters only. This formula can be applied to the above mentioned 7 points
and the calculated mean of those points are shown in table 2. Based ona KL Grade classification a total of 25 number of
images are considered and the distancesare calculated out of which we have 4 figures as the healthyknee whose
distance is 8mm to 9 mm and doubtful grade has 4 images and spacing is 7.25mm to 8.5 mm and minimal knee
category has 8 images and a spacing of 6.4mm to 6.9mm and moderate stage category has 4 images having distance as
5mm to 6.5 and sever stage has 5 images and spacing of below 4mm.
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IV. CLASSIFICATION

Classification is the separation of two classes. Here we are using two classifiers SVM and Probabilistic Neural
Network. SVM abbreviated as Support vector machine it is machine learning system that use a hypothesis space of
linear function in a hyperspace [15] SVM is used for single stage classification. Firstly data can be given to the training
data and then enter into the testing data the combination of both is given to the SVM classifier. Probabilistic Neural
Network (PNN) is a feed forward neural network that’s widely used in classification and pattern recognition problem
[16]. It is used for multi-stage classification.

V. RESULT

For the result analysis a total 25 x-ray images are examined and tested based on the assigned spaces. Classification can
be done by using Probabilistic Neural Network (PNN)is employed for 5 stage classification and its accuracy is 58.3%.

1) Kbnee joint area is cropped.

Fig -3.: Region of interest image

2) By using Template matching method

Fig- 3.2: Template image
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3) For Cross —Correlation and normalized cross correlation the output graph shows as below
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Fig-3.3: Cross correlation Fig -3.4: Normalized cross correlation

4) In Edge detection horizontal mask is used in Sobel operatormethod.

2500

Fig -3.5: Sobel edge detection Fig- 3.6: Histogram image

5) Knee joint Space is calculated using pixels coordinate values.

Fig- 3.7: symmetric Point
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Grades can be assigned to the knee joint space as shown in table 2.

The values are assigned to SVM for its classification accuracy is 36% so we go to Probabilistic Neural
Network for multistage classification
Kappa value is 0.459 and itsAccuracy is 56%
In case of less amount of data in multistage classification PNN suits better than SVM

Table 2: Knee joint Spaces and its grade

5.no images 1 ane 3 4m gth gh 7t Mean stages
locations location location location location | location location value
1 29(9).jpg B.5930 7.5350 7.59350 13.7540 7.5350 B.5930 11.3735 5.5558 1
2 17(4).jpg B.4540 B.5930 12.6560 16.1345 B.72B5 4.7610 6.0835 5. 4086 1
3 30(1).jpg 92575 6.5125 B.1955 12.1570 6.0835 B.1955 11.6380 B.B736 1
4 30(4).jpg 10.0510 2.5055 7.1415 14 2830 3.9675 8.9930 11.6380 B.4262 2
5 18(3).ipg 6.0835 6.5125 7.9350 14 8120 42320 7.4060 B.72BS 79728 2
6 18(2).jpg 5. 7865 B 4640 6.3480 10.3155 5.0255 5.0255 7.9350 7.5571 2
7 13(9).jpg B.9930 6.0835 5.B150 10.0510 7.5705 44965 7.6705 7.2549 2
B8 27(5) .jpe 6.3480 5.5545 6.0835 11.9025 4.2320 4.2320 7.4060 7.5369 2
9 22(1).jpg 7.4060 5.8150 5.5545 7.9350 6.5125 5.2900 57865 6.91438 3
10 30(3) .jpe 7.5350 6.5125 5.0255 52575 5.2900 2.5055 10.3155 6.7636 3
11 22(2) jpe 7.4060 5.8150 5.5545 7.5350 6.5125 5.2900 57865 6.5143 3
12 18(5)(3) 10.0510 6.0835 47610 §.5220 256450 3.4385 B.72BS 6.4614 3
Jpg
15 18(4) .jpe 7.4060 2.5055 5.5545 5.5220 256450 5.2900 11.3735 B6.3858 3
14 25(9) jog B. 7285 76705 B.B770 76705 55545 3.7030 44965 b.3858 3
15 1ipg 7.9350 6.B770 47610 B.4640 3.7030 3.7030 59 5220 6.4236 3
15 18(5}i(3) 10.0510 6.0835 47610 §.5220 2.56450 3.4385 B.T2BS 6.4614 4
Jpg
17 29(1) .jpe 3.9675 3.7030 5.0255 6.6125 5.2900 6.3480 6.5125 5.3656 4
18 21(2)(1) 5.8190 2.3805 B.B770 2.9095 4.2320 6.0835 7.4060 5.1011 4
Jpg
19 21(5) .jpe 3.9675 2.9055 3.9675 4.7610 4.2320 47610 7.4145 4.5343 4
20 5(1) .jpg 3.4385 2.3805 2.3805 3.4385 6.0835 6.8770 7.6705 4. 6059 4
21 13(8) .jpe 5.8150 1.0580 2.1160 11.3735 3.7030 5.81530 B.4640 5.4789 4
22 17(3) .jpe B.1955 0 0 2.1160 6.3480 92575 11.9025 5.4034 5
23 29(7) .jpe 11.9025 3.7030 B.6125 6.0835 2.5055 2.3805 0 4. 7988 5
24 25(3)(2) 9 2575 0 0 3.1740 26450 42320 47610 3. 4385 5
Jpg
25 2502} jog | 108445 |0 0 0 0 0 2.5450 18271 |5
Table 3: Confusion Matrix for PNN
BN CE
Gl 1 1 1 0 0
G2 1 1 2 0 0
G3 0 1 3 2 0
G4 0 1 0 6 0
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G5 O 0 0 3 0

G5 O 0 0 3 1

Where G1, G2, G3, G4, G5 are grades
VI. CONCLUSION

Our paper is used to detect the severity of Osteoarthritis. For doctors examination of x-ray is difficult to find the disease
present in 1 stage or 2 stage because mild difference and no symptoms of pain. By this paper we can detect the disease
and find OA in which stage by using knee distance calculation method. Classification accuracy of PNN accuracy is
58%.
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