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ABSTRACT 

It’s true that many older people do have arthritis, but it's not just a disease of the old. Something can be done to 

manage most forms of arthritis, but it's very important that a correct diagnosis is established early. The 

development of decision support systems required for medical field that uses artificial neural networks appears 

to be a most promising method for predicting diagnosis. The work deals with the construction of a Back 

propagation Neural Network (BPNN) for Diagnosis of Orthopaedic Disease based on patients’ symptoms. It 

becomes quite difficult for a novice medical general practioner to distinguish between various arthritides. The 

proposed work is capable of diagnosing and classifying selected Orthopaedic disease. As a case study the work 

has been focused on Osteoarthritis disease. The work will serve as a knowledge base for a Medical General 

Practitioner for medical diagnosis, providing assistance for effective and fast treatment.  

KEYWORDS: Back propagation Neural Network (BPNN), Arthritides, Orthopaedic Disease, Medical General 

Practioner, Osteoarthritis(OA) 

I. INTRODUCTION 

The use of decision support system as a mean of conducting medical diagnosis and recommending 

successful treatments has been a highly active research field in the past few years development of 

medical DSS that uses artificial neural networks (ANN) as knowledge base appears to be a promising 

method for diagnosis and possible treatment routines. One of the major applications of medical 

informatics has been the implementation and use of DSS to predict medical diagnoses based upon a 

set of symptoms.  

Furthermore, such DSS serve as an aid to medical professionals in recommending effective laboratory 

tests and treatments of diseases. An intelligent computer program assisting medical diagnosis could 

provide easy access to a wealth of information from past patient data. Such a resource may help 

hospitals reduce excessive costs from unnecessary laboratory test and ineffective patient treatment, 

while maintaining high quality of medical care. In Klerfors
1
 argued that, so far these expert systems 

only served as aids to the physician and are not 100% reliable. Current expert systems do not provide 

enough value to the physician to justify their large-scale implementation. One major drawback of 

conventional medical expert systems is the use of static knowledge base developed from a limited 

number of cases and a limited population size. The knowledge base inherits from Case Based 

Database. The knowledge base is inherently not dynamic and is not routinely updated to keep up with 

emerging trends such as the appearance or increased prevalence of unforeseen diagnoses. The result is 

that, after a given period of time this inflexibility limits the use of the knowledge base as it no longer 

reflects the current characteristics of the population at risk. Given these points, the development of a 

knowledge base using artificial neural network technology naturally lends itself towards the task of 
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predicting medical diagnosis. It offers flexible and quick means of designing dynamic DSS that 

consider different decision variables in their predictive routines. With its dynamic nature and on-line 

learning capability, a neural network knowledge base can also be updated with more recent patient 

data. Thus, once an initial knowledge base has been set up, it can never become obsolete with time. In 

this way, the system can effectively capture new knowledge trends in a given population while 

retaining its previous knowledge.  

One of the most important problems of medical diagnosis, in general, is the subjectivity of the 

specialist. Human being always makes mistakes and because of his limitation, errors do occur during 

diagnosis. They have to solve the problem of deducing certain diseases or formulating a treatment 

based on more or less specified observations and past experience. Principally, humans can recognize 

patterns or objects very easily but fail when probabilities have to be assigned to observations. 

According to the survey conducted in 2002, 78% Fresh Doctors cannot make an accurate 

classification in case of Orthopedic Diseases. The study shown that human being has many limitations 

in diagnosis. In this paper, we have presented a design for diagnosing Orthopaedic diseases using a 

technique of artificial neural network. The paper is organized as follows : section 2 briefly reviews 

some prior work in Medical diagnosis using soft computing techniques. Section 3 gives a short 

introduction about Artificial Neural Network. Section 4 briefs about the targeted disease. Section 5 

discusses about diagnostic process and structure of ANN used for proposed work. Actual working of 

ANN as osteoarthritis disease classifier is stated in Section 6.The experimental results are shown in 

section 7. Section 8 concludes the paper. 

II. LITERATURE REVIEW 

Gernot Kolarz and Klaus-Peter Adlassnig [2] have developed a Medical Expert System CADIAG-1 

and CADIAG-2 for Rheumatology, they got success up to 80%. They have tested the given Medical 

Expert System with the data of 322 real patients. In this work data of patient is collected from 

Rhumatology Hospital, it contains 500 to 700 symptoms, which is difficult to incorporate in the Exert 

System.  S. M. Kamruzzaman et al [3] have proposed modified feed forward neural network 

constructive algorithm (MFNNCA) for the diagnosis of Cancer, Heart and Diabetic Diseases. The 

author has given a good comparative study for the performance of their proposed algorithm with the 

work of other Researcher. The work has been reported on Osteoarthritis in the paper [4] by Suvarna 

Patil et al where Fuzzy Set theory has been used for the Diagnosis of Osteoarthritis. It was a first 

attempt where fuzzy set was applied for the disease Osteoarthritis. The author has given list of 24 

symptoms for the diagnosis of Osteoarthritis. Whereas the actual work reported considers two factors 

i.e. Age and Weight of the patient. Recently similar kind of work has been reported by T.F. Blessia et 

al [5] for the data of 30 patients. The author has used fuzzy logic for the diagnosis and finding the 

severity of Osteoarthritis. The author claims that the system is accurate but it is not stated in 

quantitative terms.   A neural network application for the Medical Field is explained in [6][7][8].  

Other medical related work with Case Base and soft computing approach is also done 

[9][10][11][12][13]. 

III. ARTIFICIAL NEURAL NETWORK 

An artificial neural network is a system based on the operation of biological neural networks, in other 

words, is an emulation of biological neural system. A multi-layer perceptron consists of several 

single-layer perceptrons, which are arranged in some hierarchy. A network with no hidden layers, the 

perceptron can only perform linearly separable tasks. This scheme results in the separation of points 

into regions that are not linearly separable. 

The use of an artificial neural network has following advantages 

• A neural network can perform tasks that cannot be performed by linear program.  

• When an element of the neural network fails, it can continue without any problem by their 

parallel nature.  

• A neural network learns and does not need to be reprogrammed.  

• It can be implemented in any application.  
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However it suffers from two Disadvantages. First the neural network needs training to operate and 

secondly it requires high processing time for large neural networks.  

Externally the Artificial neural network can differ in following terms 

• Network Architecture 

• Training Algorithm 

• Activation Function 

3.1 Working of Back propagation 

A neural network is configured such that for set of inputs the model produces the desired set of 

outputs. Model uses supervised learning method. The errors are back-propagated from the units of the 

output layer to input layer units. Back propagation is commonly applied to feed forward multilayer 

networks.  

When a learning pattern is clamped, the activation values are propagated to the output units, and the 

actual network output is compared with the desired output values, we usually end up with an error in 

each of the output units. 

The error signal at the output of neuron j at iteration n is defined by (Haykin 2004)  

( ) ( ) ( ),j j je n d n y n= −          (1.1) 

Neuron j is an output node     

The instantaneous value ( )nξ  of the total error energy can be obtained over all neurons in the output 

layer by: 

21
( ) ( )

2
j

j C

n e nξ
∈

= ∑         (1.2) 

where C includes all the neurons in the output layer of the network. 

IV. OSTEOARTHRITIS DISEASE 

Osteoarthritis (OA) is the most common type of Arthritis. OA (also referred to as degenerative joint 

disease or wear-and-tear arthritis) is caused by the breakdown of joint cartilage. Cartilage acts as a 

cushion between the bones that form a joint. Cartilage loss can cause bone to rub on bone in a joint - a 

condition that is very painful.  

 
Fig.1 Structure of a Bone 

  

The given figure 1 depicts the structure of joint before OA and after the OA. There are more than 200 

joints exists in a human body connecting the bones. Usually osteoarthritis begins in a single joint. OA 

is a slowly progressive joint disease typically seen in middle-age to elderly people. OA symptoms 

include joint pain, stiffness, knobby swelling, cracking noises with joint movements and decreased 

function. It typically affects the joints of the hands and spine and weight-bearing joints such as the 

hips and knees.  

4.1 Causes 

Osteoarthritis is mostly a consequence of aging. Water content of cartilage increases while protein 

composition of cartilage degenerates. Other factors that may increase the risk of developing 

osteoarthritis include: 
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• Joint Injury  

• Repetitive use or stress of joints 

• Being overweight 

• Family history/genetics 

 

4.2 Symptoms 

Osteoarthritis primarily affects the joints. The most common symptom associated with osteoarthritis is 

pain in the affected joint after repetitive use or activity. Morning stiffness lasts a half hour or less. 

Joint pain is often worse later in the day. The affected joint can also swell, feel warm, and become 

stiff after prolonged inactivity. Bone spurs, bony enlargements and limited range of motion are also 

characteristics of osteoarthritis. 

V. DIAGNOSTIC PROCESS OF DISEASE AND DESIGN OF ARTIFICIAL NEURAL 

NETWORK  

There can different kind of Ortho diseases that may reside or originate inside the human body. This 

section discusses the diagnostic process for Osteoarthritis. It also discusses the design of an artificial 

neural network which can help for diagnosis Osteoarthritis. 

5.1. Diagnostic Process for Osteoarthritis 

In the diagnosis of arthritis there lies a similarity in the symptoms presented by the patient. In case of 

some diseases like Osteoarthritis and Rhumatoid Arthritis more similarities lies in diagnostic process. 

X-rays of affected joints can show joint damage associated with osteoarthritis or rheumatoid arthritis.  

Blood tests cannot definitively diagnose osteoarthritis, but may be used to rule out other conditions, 

including rheumatoid arthritis. Test results, a physical examination, and the patient's medical history 

together can help determine a diagnosis. For a General Practitioner it found to be difficult to diagnose 

or classify the exact disease.  

The human expert performs the diagnosis of Ortho (Orthopaedic) diseases by collecting patient 

symptoms and complaints. The symptoms are subjected to the knowledge already possessed by the 

human expert (knowledge base-experience). If there is a match, the doctor recommends the disease as 

a some possible Ortho disease. In some cases, the human expert may subject the patient to further 

laboratory tests in order to ascertain the disease.  Sometimes the test could serve as a confirmatory 

test. When the human expert is inexperienced or has not come across such symptoms and complaints, 

he uses trial and error to diagnose. This is done by the combination of all the possible conditions, 

comparing them with known conditions and narrowing the judgment. During this process, learning is 

said to have taken place if the patient condition is properly diagnosed and treated. Thus, the human 

expert depends largely on his experience and the patient complaint interpretation. Figure 2 explores 

steps in Diagnosis when done by a Doctor. 

 

 

 

      

      
Fig.2. Steps involved in Disease Diagnosis 

 

5.2. Neural Network Structure for Ortho Disease Diagnostic 

The design and architecture of ANN selected for the diagnosis of Ortho diseases is based on the feed - 

forward network shown in the Fig. 3. This means that the artificial neurons are organized in layers, 

and send their signals “forward”, (i.e., from input to output) and then the errors are propagated 

backwards. 

 

Analyze the Case with 

Previous Knowledge Base 

Take a History from 

Patient 

 

Final Diagnosis of Disease 
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Fig.3. Design of Neural Network 

 

The network receives symptoms (S1 to S11) as input by neurons in the input layer, and the output of 

the network is given by the neurons on an output layer. There may be one or more intermediate 

hidden layers. The back propagation algorithm uses supervised learning, which means that we provide 

the algorithm with examples of the inputs and outputs we want the network to compute, and then the 

error (difference between actual and expected results) is calculated. The idea is to reduce this error, 

until the ANN learns the training data. The training begins with random weights, and the goal is to 

adjust them so that the error will be minimal.  

Back propagation is the learning rule in which weights and biases are adjusted by error-derivative 

(delta) vectors back propagated through the network. Sometimes this rule is called the generalized 

delta rule. The correction ( )jiw n∆ applied to ( )jiw n is defined by the delta rule (From Eq. 1.1 and 

1.2): 

( )
( )

( )
ji

ji

n
w n

w n

ξ
η

∂
= −

∂
�         (1.3)  

where η  is the learning rate parameter of the back propagation algorithm. 

VI. WORKING OF OSTEOARTHRITIS DISEASE CLASSIFIER 

For diagnosis Osteoarthritis diseases, symptoms are collected from the Experts in the field of 

Orthopaedic. On the basis of those symptoms 11 point Questionnaire is prepared to collect the data 

about the patient. The answers to this questionnaire will be asked to patient, -answers are in the form 

of Yes or No- will become input for the Input Layer. Table 1 shows the 11 point questionnaire used to 

collect the inputs from patient for Neural Network. This collected data will become the Training Data 

Set for the network. 

 Table 1 Questionnaire used to collect data 

Q.1  Does the pain in the affected joint diminish following a period of rest? 

Q.2  Is your pain mild to moderate usually, but becomes more intense during and after a period of 

increased activity and after repetitive use of the involved joint? 

Q.3 Was the onset of your arthritis pain gradual as opposed to sudden? 

Q.4  Whether along with the morning stiffness do you get pain in small joints of hand and feet along 

with swelling? 

Q.5  Is there pain while walking (Yes) or mere standing (No)? 
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Q.6  Did your arthritis pain initially start in either Right or Left Part? 

Q.7  Do you have evidence of crepitus (a crackling sound in the affected joint) 

Q.8 Are you affected by weather changes? Does your joint become more painful with a change in the 

weather pattern? 

Q.9  Is there any bowing near knee joint 

Q.10 Is patient having overweight? (Is wt>wt in kg=ht in cm-100) 

Q.11 

 

Whether you experience stiffness in the morning does it last more or less than 30 minutes? 

After this the neural network will work to analyze the symptoms for correct diagnoses of disease. In 

the course of training of the network it has been observed that the patients’ complaints/symptoms 

provide greater insights for predicting medical diagnoses. However for some patient conditions have 

to rely heavily on further investigations for an accurate prediction. The purpose of the work is to 

develop an automated data processing system capable of accepting symptoms as a set record and 

using it to arrive at a correct diagnosis. 

6.1 Use of Neural Network as a Classifier 

The answer of the question from questionnaire, received from patient will be an input for the network. 

As the neural network requires the input in Crisp format, the input will be either 1 or 0 (present or 

absent). The network will be initially trained, so that it can produce desired output for a given set of 

inputs. The Graphical User Interface can be designed for implementation of this network. The final 

weights for the given input values can stored in a file after training is completed.  

Afterwards when the network is tested for the any kind of inputs, the stored weights can be retrieved 

for testing. In case if the user of a system feels any change in pattern matching of given set of inputs 

and the anticipated output, he can train the network again, to get the new set of weights.  

6.2 Training of the Artificial Neural Network 

The learning process proceeds by way of presenting the network with a training set composed of input 

patterns together with output response pattern. By comparing the actual output with the target output 

for given pattern, the error is computed. The error can then be used to alter the connection strengths 

between layers in other to achieve a better network’s response to the same input pattern in subsequent 

iterations.  

In the proposed ANN system, random weights were initially assigned to all the neurons, for the first 

layer.  

Following is the structure of the network 

 

numInputs: 1 

numLayers: 3 

biasConnect: [1; 1; 1] 

inputConnect: [1; 0; 0] 

layerConnect: [0 0 0; 1 0 0; 0 1 0] 

outputConnect: [0 0 1] 

targetConnect: [0 0 1] 

VII. RESULTS AND DISCUSSION 

The implementation of this proposed work is done in MATLAB 7.1. Initial Training of the network 

was performed on Hypothetical data set based on the 11 point questionnaire. After showing the results 

of that data to Expert Doctors, the actual data from patient was collected from reputed doctors. The 

data is collected for 70 patients, which is used for training and testing purpose. 

In the course of testing the system, results were noted. When there was a match found in Diagnosis by 

System and Diagnosis by Doctor success was recorded. In situations when there was no match failure 

was recorded.  Figure 3 shows the training graph of the present work. The network was successfully 

trained in 15 epochs with training goal as 1e-006. 

 



International Journal of Advances in Engineering & Technology, Sept 2012. 

©IJAET                                                                                                          ISSN: 2231-1963 

298 Vol. 4, Issue 2, pp. 292-301  

 

 
Fig.3 Training of BPNN 

The network was initially trained with one Hidden layer with one Hidden neuron. With incremental 

approach it was tested for different number of neurons in the Hidden Layer.   Table 2 shows the 

results of proposed BPNN for different number of hidden layer neurons. The table shows that optimal 

results can achieved with 10 neurons in the hidden layer. (Shown in Bold case). The graph in the 

figure 4 represents the data from the table in pictorial form. 

Table 2 Results of BPNN 

Number of 

Neurons in the 

Hidden Layer 

Epochs Accuracy Training Result 

Success/Error 

1 310 NA Error : Maximum 

mu reached 

2 1000 NA Error: Maximum 

epochs reached 

3 274 91% Success 

4 197 93% Success 

5 20 94% Success 

6 24 94% Success 

7 35 94% Success 

8 28 96% Success 

9 21 96% Success 

10 15 97% Success 

11 23 97% Success 

12 36 97% Success 

13 16 97% Success 

14 27 97% Success 

15 34 97% Success 

16 23 97% Success 

17 21 97% Success 

18 32 97% Success 

19 19 97% Success 

20 27 97% Success 
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Fig. 4 Graphical representation of data in the Table 2 

 

In the figure 5 the graph shows the difference between the target and the output (Fig.5 a).  The symbol 

‘o’ is drawn to show the target and symbol ‘+’ is used to show the output. The network could able to 

classify 67 records out of 70 records. It clearly shows that for record number 67 and 70 the network 

has failed to classify the disease (Fig. 5 b). For the clear display the graph has been magnified. For 

remaining test cases the classifier works in right direction. 

For the network with 4 neurons in the hidden layer and 6 neurons in the hidden layer, it gives 

Accuracy up to 93% and 94% respectively. The graph is shown in Fig. 5 (c) and Fig. 5 (d) 

 
(a) 

 
(b) 
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(c) 

 
(d) 

Fig.5 Results for different number of neurons in the Hidden Layer 

(The symbol ‘o’ shows the Target and the symbol ‘+’ shows Output of the Network) 

   
For the hypothetical test cases it gave the accuracy up to 98%. And for the real life data of 70 patients 

accuracy achieved was 97%. 

VIII. CONCLUSION  

Medical diagnosis has become highly attributed with the development of technology. The work has  

presented a framework for diagnosing and classification of Osteoarthritis as one of Orthopedic disease 

using Back propagation Neural Networks.  The proposed work has able achieved a high level of 

success using the artificial neural network technique. A success rate of 97% has been achieved for 

disease classification, it makes this system a good option for the diagnosis. This infers that BPNN is 

an effective and efficient method for implementing diagnostic problems. The features of the BPNN 

provide learning capability, which keeps the system adaptable to new disease conditions or variation 

of known orthopaedic diseases. This provides great flexibility in the diagnostic system and makes the 

system to be opened ended. The system can be used in many conditions even in unforeseen instances. 

The system is very much interactive. The research work can also act as a pedestal for the advancement 

of research in neural network applications in medical diagnostic researches. 

IX. FUTURE WORK 

As traditional neural network only supports Bivalued kind of inputs (Yes/No). In future we wish to 

reconstruct the model, which can work with any discrete kind of inputs. As when the doctor take a 

history from the patient, all given information cannot be converted into Crisp values like 1 and 0, so 

in that case model should work with that discrete value. We will also think about the optimization of 

the number of neurons with maintained accuracy.  
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