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Abstract 

The x-ray image processing is an effective technique to distinguish between the major 

types of arthritis: Osteoarthritis Arthritis (OA) and rheumatoid Arthritis (RA). The 

degenerative bone disorders are diagnosed using X-ray detection. X-ray scans alone are 

insufficient to detect the type of arthritis. Image processing can aid in improving the 

diagnosis. The classification is done on the basis of differentiation in the region 

properties and boundary areas that can be identified using MATLAB. These properties 

were used to better understanding the variation in the knee, hands and neck region. The 

study holds potential as a diagnostic tool for arthritis identification through x-rays. It 

could pave way to differential diagnosis in future.  
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1. Introduction 

Arthritis is bone joint inflammation disease which has multiple types and conditions. 

The two most recurrent types are Osteoarthritis (OA) and Rheumatoid Arthritis (RA). 

Osteoarthritis (OA) is a heritable as well as non-heritable, degenerative disabling 

condition while Rheumatoid Arthritis (RA) is heritable, auto-immune disease. Multiple 

factors are involved in the onset and gradual loss of the articular cartilage in these two 

major forms of arthritis. The identification of these diseases is done by X-Ray but the 

conventional method lacks in precision and accurate analysis thus image processing can 

be conducted to assist this issue. 

According to recent studies, a series of inflammatory processes may lead to initiation 

and propagation of OA (Marla J. Steinbeck, 2007). According to World Health 

Organization (WHO) osteoarthritis is a serious disabling disease, statistically 1 in 10 

developed countries are under its influence. Worldwide estimates of 9.6% men and 18.0% 

women over 60 years of age have symptomatic OA. Osteoarthritis is a degenerative joint 

disease and the most common type of arthritis as well. 0.5 to 1% of adults are subject to 

RA with between 5 and 50 per 100,000 people prone to this condition every year. 

(Symmons, D., 2002) 

Osteoarthritis majorly affects cartilage covering the bone ends causing bones 

underneath to rub together, resulting in pain, swelling, and loss of motion of the joints. 

With time, joints lose their normal shape and osteophytes (bone spurs) grow on the edges. 
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Broken bits of bone or cartilage float inside the joint spaces. In RA synovitis causes 

tissue tethering leading to movement inability and erosion surface erosion resulting in 

bone deformities (Majithia, V., and Geraci, S. A. 2007). 

The only means of detection of arthritis is by X-Ray studies in Pakistan thus there is 

room for research on better or improved methods of assessment and prediction of the 

disease type and degree. There is often a mismatch between the stage of OA depicted and 

the actual degree of pain and disability observed by the patient while the X-Ray cannot 

solely depict clear distinction amongst different forms of arthritis. 

MRI (magnetic resonance imaging) on the other hand provides high-resolution internal 

body tissues images. A strong magnet passes a force through the body to create an image. 

MRI tests are used if x-ray analysis is insufficient and other joint tissues such as a 

ligament are damaged.  NIAMS-researchers are working on a technique called micro 

computed tomography (micro CT). It is a high-resolution, three-dimensional x-ray image 

creating technique which can identify the content and distribution of proteoglycans. This 

is involved in studying the thickness and composition of cartilage, thus helps to monitor 

the progress and treatment of OA.  The technique is limited to animal studies and success 

rate in humans is still a far cry. The diagnosis by conventional X-Ray is a less expensive 

technique as compared to MRI and micro CT, thus by designing a detection algorithm on 

X-Ray images in MATLAB the identification can be made more accurate. 

 

2. Material and Method 

Patient Characterization 

The study is conducted on the available x-ray image dataset at rheumatoid.images.org 

with a total of >60 images of knee, hand and neck of RA, OA and normal individuals.  

 

Image Characterization 

The salient feature of OA is the absence of synovial fluid from the joints while it is 

thickened and forms nodular structure in the case of RA; well evident through knee x-

rays. The hand bones (phalanges) become disoriented leaning outwards or curling up on 

one another in case of RA while the swollen joints with bone spurring on edges. The 

spinal disks have reduced spaces in OA while the cervical spine (neck) region is more 

likely influenced by RA than lower back.  

 

Image Processing Application  

The digital image processing is done by acquiring the dataset, storing and compressing 

them to initiate the processing techniques. The features are slightly or extremely evident 

from the x-ray depending upon the stage and type of arthritis. The process is as follows; 

 Image Acquisition: image is acquired by sampling 

 Gray scale conversion/Thresholding: the image is converted to gray scale if needed/ 

the image is made binary using the thresholding function 

 Compression: image is resized and its archive size is reduced 

 Median Filter/Gaussian Filtering: the image is made smooth 

 Region properties: The region properties such as Centroid, extrema, orientation, 

major axis length, minor axis length and eccentricity are applied to the images in 

order to obtain statistical data  

 Feature Extraction: Joint location, orientation, circular features and space detection 

is done  

 Image Recognition: classification amongst OA, RA and normal.   
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Figure 1. Data Analysis Flow Diagram 

Median Filtering/Gaussian Filtering 

The digital non-linear filtering to remove the unwanted noise is done by median 

filtering. It is a part of the image preprocessing protocol and is often used in the case of x-

ray image processing for edge detection. The Gaussian filtering involves convolution 

which is like multiplication of two input images to produce modified output or cross-

correlation between inputs. The self-Gaussian filter helps identify edges and make the 

image smooth. 

 

 

Figure 2. Normal Hands Image 
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Figure 3. Resized, Gray Scaled and Gaussian Filtered Normal Hands Image 

Region Properties 

The specific properties related to connected regions are brought under focus using the 

region prop function in Matlab.  

 Centroids- The center of mass of connected region is identified using the centroid 

command. The x-y coordinates of the central point are marked by means of blue 

dots on the image. 

 Orientation- The angle between the x- axis and major axis ranging from -90 to 90 

degrees.  

 Major Axis Length- The length (in pixels) of the major axis with same normalized 

second central moments as the region. 

 Minor Axis Length - The length (in pixels) of the minor axis with same normalized 

second central moments as the region. 

 Extrema- 8-by-2 matrix that specifies the extreme points in the region. The top left 

and top right for example will be identical. 

 Eccentricity- Distinguishes between circle and line segments 

 

The following is an example of the region properties command applied to the normal 

hands image to conduct statistical analysis. 

The image is converted to binary state to apply the region properties.  

 

 

Figure 4. Normal Hands Binary Image 
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Figure 5. Statistical Data using Region Properties 

Boundary Area  

The boundary area command helps to create boundaries of the multiple segments in the 

image with the area mentioned that is closed within. The areas are encircled based on the 

region of connectivity. Furthermore the areas can be distinguished on the base of color 

and size. This improves the image analysis variables provided for image processing.  

Following is the code for the centroid identification followed by area identification on 

the basis of regions of high connectivity. Then finally there is boundary identification 

alongside area with numerical value.  

 

 

Figure 6. Centroid Identification on Normal Hands 
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Figure 7. High Area Connectivity In Normal Hands 

 

Figure 8. Boundary (area) Identification of Segmented Regions of Normal 
Hands 

Identification in Different Body Regions 

The above mentioned code was applied to the x-ray images of normal, OA and RA 

patient; knee, hand and neck regions. The results were plotted together for comparative 

analysis.  

 

3. Results 

The following figure shows the comparison between the knee images of normal, OA 

and RA patients. The connected region is larger in the normal as compared to the OA or 

RA as the bone disruption causes the bone spurring in both the diseases. The Centroids 

identified are more in case of OA as bone splinters are suspended around the region. The 

orientation is more evident in the case of RA and larger variations in area are projected by 

results 
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Figure 9. Comparative Image Plot for Normal, OA and RA Patient Knees 

The hands of RA patients are one of the initial identification signs of the condition 

while they can be confused with those of OA patients as the orientation is disturbed in 

both conditions but the pattern is different. The symmetrical disorientation is in RA while 

there is no visible correlation of specified orientation in the case of OA. The number of 

centroids is more in RA as compared to OA. The increased change in orientation and 

structure can be used to identify the different conditions by this imaging technique..  

 

Figure 10. Comparative Image Plot for Normal, OA and RA Patient Hands 

The neck is generally having a curvature which is distorted by the disease condition. 

The neck becomes more stiff and erect as evident from OA and RA patient condition. The 
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larger connectivity of area shows the reduced spacing in the vertebral column (neck 

region) and variation in centroids is different in OA and RA cases. 

 

 

Figure 11. Comparative Image Plot for Normal, OA and RA Patient Neck 

4. Discussion and Conclusion 

Arthritis is a bone related disabling disorder. The field is very diverse and it is hard to 

classify the kind of arthritis by means of imaging alone. The image processing techniques 

are thus used to better contemplate the differences and device a possible diagnostic tool.  

The Osteoarthritis (OA) is degenerative disorder and Rheumatoid Arthritis (RA) is 

mainly genetic disorder but the damage to the bones is of fine difference between the two 

conditions.  

The region properties such as centroids, orientation, major axis length, minor axis 

length, extrema and eccentricity are used in the above study to statistically analyze the 

differences in the knee, hands and neck regions of the normal, OA and RA patients.  

The centroid, orientation, area and boundary identification on the images using 

MATLAB helps with better insight. The symmetrical and asymmetrical wear and tear is 

one noteworthy point. The orientation is more evident in the case of RA than OA. The 

centroids are more likely to form in the greater degree of bone spurring. These findings 

can help understand better areas of concern to help in formulation of a precise classifier. 

The image processing technique can be used to better understand the variation amongst 

the different type’s thus enabling stronger grip on the possible pre-requisites for an 

Arthritis classifier tool. The SVM train-test can be used to program the classifier to 

recognize the similarities amongst the same kind of arthritis and differentiate from the 

other kind. This would serve as a differential diagnostic tool to aid the identification of 

specific type of arthritis from the x-ray image processing.  
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