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Abstract 

 
Rheumatoid arthritis (RA) is a long lasting autoimmune disorder that affects the multiple joints of human body. The aim and objective of 

the study was i) to implement the automated segmentation of knee x-ray image and thermal image using fuzzy c means  and canny edge 

detection algorithm. ii) To compare both the imaging modalities by means of feature extraction and correlate with the biochemical 

method as standard. Fifteen subjects with RA in knee region and 15 healthy controls were included in this study. The segmentation of 

thermal images was performed using fuzzy c-means algorithm and x-ray segmentation was implemented using canny edge detection 

algorithm. The skin surface temperature were measured in the thermal image of knee region in both RA and control subjects. The features 

were extracted from the segmented region of the knee x-ray image. The automated segmentation implemented in thermal imaging 

provided better results compared to x-ray image segmentation process. The thermal imaging feature and x-ray imaging features correlated 

significantly with the standard parameters. 
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1. Introduction 

Rheumatoid arthritis (RA) is a chronic systemic illness and a kind 

of chronic disorder that primarily affects the finger joints, hand, 

wrist, knee, elbow, shoulders and feet. It typically results in warm, 

inflammation of joints, swelling, pain and morning stiffness. The 

vital sub organs of body such as lungs, heart and eyes are affected 

and cause morbidity and mortality. The main cause of RA is not 

found clearly, it may be due to involvement of genetic and 

environmental factors. [1]. In RA, white blood cells attacks the 

joint tissues  and travel to the synovium and cause inflammation 

(synovitis), characterized by warmth, redness, swelling, and pain.  

Currently conventional laboratory tests and radiography are used 

as gold standard method for diagnosis of RA. Worldwide, the 

prevalence of RA is predicted to be in the range from 0.4% to 

1.3% [2-3].The synovial membrane becomes swollen in the 

arthritic knee and in severe cases bone erosion occurs between the 

joints. Hence it is very much required to detect the arthritis at any 

early stage for proper control over the disease. The biochemical 

method and x-ray method have been considered as ‘gold’ standard 

method in the diagnosis of RA according to Indian Rheumatology 

Association (IRA) consensus report [4]. Although both the 

biochemical method and x-ray method are gold standard for 

diagnosis of RA, these method has the following shortcomings: i) 

The biochemical method may not give complete clinical 

information about the progression of the disease; ii) X-ray method 

could not able to detect early changes and signs of RA in the soft 

tissues and bone erosion. Hence new methods such as MRI, 

thermal imaging and ultrasound are required in the evaluation of 

RA. 

X-rays of the hand and knee region are generally performed in 

patients with multiple joints affected by RA. Though there may be 

no changes in the early stages of RA, the parameters such as bone 

erosions, joint space narrowing, joint space destruction and 

cartilage destruction was predominantly visualized in x-ray 

imaging of RA [5]. Hence as the patients and controls are 

subjected to radiation in X-ray, a non invasive diagnostic approach 

of thermal imaging is used in diagnosis of RA at an early stage. [6, 

7]. Since manual method subject to inter observer variations, the 

automated method of segmentation provides better results in both 

the imaging modalities.  

2. Literature Works 

Several researchers have proposed and utilized the thermal 

imaging modalities and x-ray in hand and knee regions [8-11]. 

Subramanian et al performed the non invasive method of 

osteoarthritis diagnosis in digital x-ray images of knee region. In 

their study, they extracted the haralick features using GLCM 

method and implemented classification of normal and abnormal 

osteoarthritis using support vector machine [12]. Shamir et al 

described a automated method of OA in knee region based on KL 

grading method. They classified the normal and OA images using 

feature extraction techniques. The features were extracted from the 

transformed image [13]. Mengko et al implemented the automated 

method for the detection of Knee OA by means of measurement of 

joint space narrowing [14]. 

Several authors have performed automated segmentation in knee 

region of RA and evaluated its performance based on feature 

extraction and classification [15-17]. Salisbury et al observed the 

increased temperature in the lateral part of the knee, particularly in 
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patellae region of RA compared to healthy controls. They found 

that the abnormal joints have localized hot spot regions with 

negative temperature gradient whereas the normal joints do not 

have increased temperature or hot spot regions [18]. Glehr et al 

evaluated the correlation between the skin surface temperatures at 

knee joint with the anterior knee pain implantation of an artificial 

knee joint. They computed the difference in temperature ΔT 

between the average temperature of two different regions in contra 

lateral knees using the semi-automated approach. They observed 

the significant correlation between the anterior knee pain and 

increased temperature at the patellar region of the knee [19]. 

The aim and objectives of the study were i) to implement 

automated segmentation of knee x-ray image and thermal image 

using fuzzy c means (FCM) and canny edge detection algorithm 

respectively. ii) To compare both the imaging modalities by means 

of feature extraction and correlate with the biochemical method as 

standard. 

3. Materials and Methods 

3.1 Subjects 

The subjects with knee RA considered as patients and patients 

without any knee problem considered as control subjects. 15 

subjects with RA in knee region and 15 subjects without RA were 

included in this study. 

i.Inclusion criteria 

The patient who satisfies the revised American college of 

Rheumatology ACR criteria and. Indian Rheumatology consensus 

report were included in the  study. The disease duration should be 

less than one year. The patient had given the informed consent for 

their active participation in this study.  

ii. Exclusion criteria 

The patients should have no clinical evidence of knee 

involvement. Patients who have joint pain for reasons other than 

RA cannot be considered in this study.  Patients who have recently 

suffered bruising or trauma of the affected joints is not eligible for 

this study. Patients with joint sepsis and other clinical unstable 

medical conditions can be precluded. 

3.2 X-ray and Thermal Image Acquisition 

The digitized X-Ray imaging was acquired in patient’s knee 

region using the standard x-ray machine. The thermal images of 

the knee were acquired a posterior view of standing position using 

thermal camera FLIR SC 305. The studied population were 

exposed their knee in  a temperature controlled with the humidity 

of 20°C for a period of 20 minutes prior to image acquisition. The 

patients were informed about the imaging procedure and the 

background region was covered with black colour sheet to acquire 

good thermal image in order to prevent the undesired artefacts in 

the image. The thermal imaging camera was positioned a head of 

the subjects with a gap of 1meter and the images were captured 

and analyzed using the FLIR software. The thermal images 

predicted hot spot regions for diseased patient, whereas no hot spot 

regions were found for normal. 

 3.3 Knee Thermal Image Segmentation 

FCM algorithm is used in this study for image segmentation of 

thermal images. The FCM was popularized by ruspini and later 

continued by Dunn and Bezdek and has been widely used in 

cluster analysis, pattern recognition and image processing [20]. 

This method based on segmenting the abnormal region of interest 

by means of clustering techniques. FCM is a clustering technique 

in which the input features are grouped into n clusters with every 

feature in the dataset belonging to every cluster to a certain degree.  

The algorithm implemented using FCM algorithm was described 

as given below: 

Step 1: Read and display the input image 

Step 2: convert to rgb image plane to gray scale  

Step 3: Compute the features from the image and select the 

number of clusters as N=3 

Step 3: Determine the cluster centre points using centroid formula 

Step 4: compute the average values of the cluster data points  

Step 7: Cluster the image by calculating the distance between the 

cluster centre and the other regions in the image 

Step8:  The segmented output image is obtained and the 

segmented part superimposed on the original gray scale image. 

3.4 Knee Radiograph Segmentation 

The knee radiograph segmentation is carried out using canny edge 

detection technique. Canny edge detection detects the edges of the 

region of interest. This method is the most commonly used for 

edge detection and image segmentation. The Canny edge detection 

method is deliberate as one of the excellent edge detection 

algorithm for segmentation of knee x-ray image .Hence it 

segments the true edges or intensity discontinuities and provides 

good noise immunity while preserving a minimum error. 

The x-ray image segmented using canny edge detection method 

was given below: 

Step 1: Read and display the knee x-ray image 

Step 2: Apply median Filter to remove the background noise. 

Step 3:  convert the filtered image into the binary image 

Step 4: Adjust the contrast of the image using adaptive histogram 

equalization technique 

Step 5: Apply canny edge detection algorithm to the contrast 

adjusted image.  

i. The Gaussian filter is applied to smoothen the image. 

ii. The intensity of gradient image is obtained  

iii. Non maxima suppression and double thresholding is applied 

iv.  Suppress the weak edges and enhance the strong edges by 

hysteresis 

v. The segmented output image is obtained. 

Step 6: The region contours superimposed on the segmented 

image. 

3.5 Statistical Analysis 

The datas were analyzed using SPSS software version 19.0 (SPSS 

Inc., Chicago, IL, USA). The Pearson correlation was obtained for 

the skin temperature parameter and x-ray feature parameter with 

the standard parameters. 

4. Results 

4.1 Thermal Image Segmentation 

Thermal Image segmentation was carried out for fifteen knee 

thermal images of RA Patients and 15 control subjects. The 

abnormal regions are segmented in the patient’s thermal image, 

whereas there is no abnormality found in control subjects. 

In Figure 1(a) is  the input image of the patient thermal image. (b) 

the segmented abnormal regions indicated as black spot in the 

image (c) segmented output image superimposed on gray thermal 

image. (d) input image of healthy control thermal image. (e) 

depicts the  there was no hotspot region so the segmented image 

shown as blank but a samll spot is identified due to noise effect 

during the acquistion process. (f) indicates the segmented image 

superimposed on gray scale image for healthy individuals. 
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Fig.1: Image Segmentation of thermal images of  RA patient and normal in knee region 

 

4.2 Knee Radiograph Analysis 
 

The knee x-ray image was segmented for fifteen RA patients and 

15 control subjects. Figure 2 (a) indicates the input image of the  

healthy control and (b)binary image after thresholding (c) adaptive 

histogram equalized image (d) segmented iamge using canny edge 

detector. Figure 3(a) indicates the input image of the  RA Patient 

(b) binary image after thresholding (c) adaptive histogram 

equalized image (d) segmented image using canny edge detection 

algorithm. 

 

 
 

Fig.2: X-ray Image segmentation of normal subject 

 

 
 

Fig.3: X-ray Image segmentation of RA patient 
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Table 1: Correlation study between thermography and radiography with standard biochemical parameters 

 

S.No Parameters 

Thermal imaging feature 
 

x-ray image feature  

Knee  average Skin temperature Mean  entropy 

Correlation cofficient (R) 
Statistical 

significance 

Correlation cofficient 

(R) 

Statisitcal signifcance  

1 ESR 0.775** 0.001 0.679** 0.001 

2 Pain 0.739** 0..001 0.646** 0.003 

3 Disability 0.740** 0.001 0.681** 0.001 

4 Health Status 0.391* 0.005 0.616** 0.002 

 

                      * p<0.05, ** p<0.01  

 

The thermography correlation was made between biochemical 

tests, patient questionnaire score and knee average skin 

temperature for the total population studied (N=30). Among all the 

parameters, the biochemical parameter correlated significantly 

with the thermal imaging feature and x-ray image features. The x-

ray image features were correlated with the standard parameters 

and found highly significant correlation in disability parameter 

compared to other parameters. 

5. Discussion 

In this study two different imaging modalities such as 

thermography and radiography was compared to biochemical 

method as standard. Snehalatha et al carried out the study on 

diagnosis of RA in hand region using thermal imaging method. In 

that study they compared the performance of EM algorithm and 

FCM algorithm in hand image segmentation. They found that 

FCM provided better results comparing to EM algorithm [21]. In 

this study automated segmentation of hotspot region in knee 

thermography was performed using FCM algorithm and obtained 

the promising results. Jacob et al performed manual and automated 

segmentation of knee region in x-ray imaging using Otsu 

thresholding method. They obtained better segmentation result in 

segmenting the tibia bone region [22]. In this study the canny 

edgedetection clearly segmented the edges of the bone region in x-

ray image. Subramoniam et al classified the arthritis in knee x-ray 

images using K-Nearest Neighbour (KNN) and bayesian 

classifiers based on feature extraction from local binary pattern 

[23]. They used Euclidean distance between vectors for KNN and 

kernel distribution for bayesian classifier to extract features. In this 

study, the feature extracted parameter of thermography and 

radiography correlated with standard biochemical parameters and 

obtained significant results. The limitation of this study is need to 

obtain better segmentation results in x-ray imaging by applying 

some advanced segmentation algorithm and validate the study by 

including more number of datas. 

6. Conclusion 

In conclusion, totally thirty thermal images and 30 x-ray images 

was used for automated segmentation process for the evaluating 

the RA using both x-ray and thermal imaging modalities. The 

automated segmentation implemented in thermal imaging 

provided better results compared to x-ray image segmentation 

process. The thermal imaging feature and x-ray imaging features 

correlated significantly with the standard parameters. 
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