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Summary: Customized implants are the products that must meet specific patient requirements. That means that beside specific biomechanics properties, geometry and topology of customized orthopedic implants should completely correspond to the anatomy and morphology of the selected bone of the patient. They can have very complex shapes, without regular geometric shapes, and belong to the so-called free forms. On the other hand, they are unique (nonrepeatable) products, thus making the product quantity clearly defined. Because of all the mentioned, the real challenge in customized implant manufacturing is a selection of the optimum material and manufacturing technology. This work will present a concept of knowledge based system for customized implants manufacturability analysis. Due to the expert knowledge, a knowledge (rule) base has been created that helps in the decision making process. In order to make system available to the greatest possible number of users who work at different locations, concept of the system was developed as a web application. In order to facilitate user's work, the system was designed in five modules. This kind of system can be a part of health care information system, by taking the necessary data from the system and generating output data back to the system. In the case of non-existence of information system or adequate data in the system, data are inserted using user friendly interface.
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1. INTRODUCTION 
Demographic trends of human population and striving towards quality life, are the main reason of development in the field of orthopedic device, equipment and aids industry. World market of orthopedic implants, worth US$ 35,5 billion, during 2014 had expected growth of 3,5% and projection that by the end of 2015 achieves the value of US$ 38 billion [1]. An increasing number of major international companies outsourcing smaller companies. It is anticipated that by the end of 2017, entrusted the production market will grow to US $ 4.2 billion, which is compared to 2012 (US $ 3 billion), an increase of 6.9% [1].
Special importance companies give to customized implants because they are a unique and unrepeatable product [2]. Unlike standard implants, customized implants fully meet the needs of the patient. Often, they can be without regular geometric shapes, and belong to the so-called free forms [3], which makes the technological process and manufacturing more difficult. The geometry and topology are not the only features of the implant customization [4]. Customized implants, must be compatible with the blood supply, osseointegration and other specific and unique needs of each patient. 

In such an environment, where collaboration between people and processes takes place in different companies and in different locations, it is necessary to ensure cooperation of multidisciplinary teams. This is achieved by using powerful information systems based on the web, which should provide support to the decision-making processes [5]. Therefore, the manufacturability analysis, as an activity that is implemented at the earliest stages of product design, is of great importance. Manufacturability analysis should respond whether and to what extent the proposed model of the product can be manufactured, and after that, should consider the applicability of the technological process for the proposed materials [6]. Production time and price will have even greater importance in the selection of potential manufacturers or distributors of implants or of individual components, so that it can be expected that a virtual company becomes a real development leader of customized orthopedic implants.
This type of decision-making process should be facilitated and supported by knowledge-based decision support systems. Among the large number of diverse methods and techniques applied in computer systems, the methods of artificial intelligence are recognized as appropriate methods. This paper will present the concept of a knowledge-based system, which aims at analyzing the manufacturability of customized implants.
2. knowledge acquisition – BASICS OF KNOWLEDGE ENGINEERING
The basic building element of every expert system is knowledge. Knowledge in an expert system consists of facts and heuristics [7]. While heuristic is made of personal judgment rules based on experience or intuition (tacit domain knowledge), the facts are widely distributed, publicly available information that were agreed on at the expert level in the certain area (explicit domain knowledge). For successful operation of the expert system, there must exist an adequate transfer of knowledge from certain area experts to knowledge engineer, so that an engineer could adequately present the accumulated knowledge in the Knowledge Base.

A technique of interviewing leading experts in this field was elected as the most appropriate technique of gathering knowledge for the purpose of creating knowledge model of customized orthopedic volume implant. Despite numerous aggravating factors which may occur during a direct (one-to-one) interviews, it is also the most frequently used method of knowledge acquisition. The acquisition is actually implemented throughout the whole development process, and later on when setting up the system. Knowledge is a collection of specialized facts, procedures, and opinions that are usually given in the form of rules.
3. STRUCTURE OF SYSTEM FOR THE CUSTOMIZED IMPLANT MANUFACTURABILITY ANALYSIS 
The use of computer technology based on artificial intelligence methods primarily means the processing of knowledge rather than data processing and the use of heuristic algorithms instead of traditional. Software packages for manufacturability analysis are based on the application of specific methodology of artificial intelligence, such as knowledge-based systems (so called expert systems), genetic algorithms, neural networks, and many other methods and techniques.

For working with the knowledge obtained from the expert during the structured interview, certain shortcoming of some artificial intelligence methods were identified (particularly the absence of available amount of relevant data). On the other hand it was realized that expert knowledge can easily be formulated in the form of the production If-Then rules and that, as such, can be embedded in an expert system [8].

The structure of the developed system for customized implant manufacturability analysis is secure and user friendly. On the one hand there are data from CAD models, and other technology data. Manufacturability analysis system consists of three parts.

· Input mechanism;

· Adaptable expert system for manufacturability analysis; 

· Tool for generating output data.

Input mechanism is used to insert data from CAD implant models into the system. By entering rules, knowledge base (empty but with a clear structure) is filled, and along with data, attributes and facts about the materials or manufacturing technology, knowledge base is the most important segment of manufacturability analysis system. In this way, the basis for the System launch is provided. As the methods of artificial intelligence are very suitable for development of such a system, a central place in the System is taken by the artificial intelligence method development tools, such as knowledge-based systems, as shown in Figure 1 [8]. 
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Fig. 1 Production rules-based system as artificial intelligence technique in the manufacturability analysis system
Expert system work is based on declarative knowledge and can be upgraded with new knowledge and rules. Database of materials, technologies, processes, technological processes and machines entered in the Excel file can be easily connected to the system, and the database update itself is very simple [4].
Thus designed system should, on the basis of the available knowledge, give a recommendation for the selection of materials and technology of customized implant manufacturing. This recommendation is generated as output data from the system, in the desired shape and form.
One of the advantages of thus designed system for customized implant manufacturability analysis is reflected in the possible modularity of the system. Modularity provides the performance of specific tasks in a relatively independent manner by the entire system. This ensures that the designed system is not too extensive, and that the existence of a large number of facts and rules does not overload the system, which would violate its stability, thus jeopardizing the working memory of the system.
The designed system is of modular type and is composed of five modules:

1. Module for implant design verification, 

2. Module for the material class selection,

3. Module for the material type selection,

4. Module for the manufacturing process selection,

5. Module for the the implant (price) assessment. 
The division of the system into module does not limit access of the available system knowledge or the available facts, unless defined by the system, more precisely certain rules within the system. On the other hand, the system in each module uses data about the implant model.

The system is designed to operate in two ways:

1. Entering data through the web application and direct communication between system and the user using the user interface; and

2. By acquiring data from the information system such as WfMS, expert system activates the rules and the generated output data are returned into WfMS
In the case of data input through the web application forms, such as data about a patient, or data on the characteristics of materials, the user is the one that defines the input parameters of the system. This system doesn't have a high degree of automation, but requires (manual) re-entering the data, which are mostly already entered earlier.

Since these data already exist in the information system, another variant of the system designed for manufacturability analysis begins its operation by calling the appropriate web services from WfMS, i.e. forwarding the input words in the JSON format.
4. MATERIAL SELECTION using CUSTOMIZED IMPLANT MANUFACTURABILITY ANALYSIS SYSTEM
The user through a web application defines the criteria that the candidate material should have. In addition to mechanical characteristics such as tensile modulus, ultimate tensile strength, strain to failure, or Fatigue strength the material should have sufficient biocompatibility, corrosion resistance, wear resistance and so on. All these values were previously fuzzyficated.

Each characteristic of the material has its defined minimum and maximum value as well as a fuzzy set of values that it uses for the proper linguistic value. In addition, each fuzzy value is defined by its membership function (triangle, rectangle, trapezoid or other) and the domain over which is defined [6]. The example of fuzzy values is given in the Fig. 2. 
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Fig. 2 The fuzzy values of material characteristics
Appropriate weight factor is assigned to each material characteristic. Default value for each weight factor is assigned by the knowledge engineer and can be further modified by writing the Jess rules for a specific case. The resulting score function for material quality then multiplies each of the obtained values for material features by weight factor and sums up these values [6]. 
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By activating the rules, the system has performed material base search and then ranked the materials. An overview of the application results is presented in the Fig. 3.
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Fig. 3 Recommended implant material by Customized Implant Manufacturability Analysis System
5. CONCLUSION

Manufacturability analysis is a very important activity at the product design stage. As such, it should provide appropriate responses and facilitate the decision-making process. Therefore, the proposed concept of the system for customized implant manufacturability analysis is implemented using artificial intelligence methods and as such represents a specific decision support system. Decisions proposed by such system should make surgery minimally invasive, and the post-operative recovery period easier and shorter.

The present concept of knowledge-based system for customized implant manufacturability analysis is based on production rules. A software tool used to develop an expert system is a shell expert system JESS. It provides the adaptability of the system, or a simple modification of the knowledge base without too much effort in terms of programming. Thus acquisition obtained expert knowledge obtained can easily be updated, amended or suspended.

The modularity of the system provides the user with easy operation and a sense of security.

The concept of the system tested at the example of volumetric implant and the results obtained and presented in the paper, correspond to the experiences in clinical practice.
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