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Abstract 

This paper will present a contribution of preoperative computer assisted surgery planing and implants machining. Nowadays, it seems practical way in medical surgery to machine implants (on milling machine) and fixing it on the certain tolerances (using the user-friendly interface and visualization techniques) based on the CT (computed tomography) data. This platform containing digital model data provides that implant materials, produced in blocks, can be machined or even tested on the model of the origin bone material before the surgery act starts in practice. This paper will present hip bone machining from block material in practice.
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1. INTRODUCTION

The complexity, quality and a constantly shortening of delivery times has been the main driving forces in the implant manufacturing industry– and in response, for the suppliers of machines, software and cutting tools. Trends within the manufacturing industry today are moving towards: rapid prototyping, rapid tooling and manufacturing, towards further improvements in reverse engineering and cutting tool management concepts providing new possibilities to reduce cycle times and for alternative, more effective machining methods.

The manufacturers of medical implants are also subjected to very stringent national and international regulations. Consequently, a machine shop that produces medical components must exercise strict control of part lots and batches, while maintaining careful documentation.
They are continuously engaged in engineering research to further improve their products by developing new methods of production, as the product requirements become increasingly more complex and demanding. Progress towards improved knee and hip implants continues apace and with widespread collection of device histories by many researchers and national agencies, we can be confident that these questions will provide scope for further development of even more successful implants. In addition, with the increased interest being shown in collaboration between doctors and engineers, this area of human endeavour provides great new opportunity in the development of new and improved methods of patient care in orthopaedics and other areas of medicine.

In implant manufacturing, some would say the unique object machining, the lot of size is very little (in most cases it is one), which leads to few or none repeats of a specific process. Therefore optimisation loops are normally not possible what increase the possibility that machining processes doesn’t run optimally. This fact requests to raise the importance of CAD/CAM integrating activities. 

Osseointegrated implants used for more then 20 years still are unsuccess in the range of some 10 % in the mandible . According to the National Center for Health Statistics (Hyattsville, Maryland), 168,000 hip replacements were performed in the United States in 1999. [1]. 

New concepts: high speed machining (in its true sense), CAM programmes (achieving optimum tool paths) and hard part machining (cutting tools for new possibilities and complete machining of Ti-alloy steel and other biocompatible materials) are a few examples of developments from suppliers to the medical praxis.

2. Computed Tomography (CT )

CT is considered an important imaging modality, because it is fast, reproducible, and reliable. Output has increased with the advent of the multislice CT scanner, which can acquire more slices in a shorter time, and cover more anatomy with thin slices than the previous spiral CT commonly used for dental implants. The images, patient- specific model, and plan parameters developed by the surgical CAD component are performed in the operating room and the preoperative models and plan are “introduced “ to the patient. Ideally, intraoperative imaging and other feedback can ensure that the technical goals of the surgical intervention have been achieved before the patient leaves the operating room, and the surgical plan may be updated several times during the course of procedure.

The combination of multislice CT and volume rendering techniques using computer graphics systems allows several improvements over older technology, including patient data entry, study prescription, filming, archiving and image transmmision and allows the measurement of the amount of bone present. The latter is due to 3D volume rendering technique tools associated with thin slices and small intervals of reconstruction used (0.5 mm). Both observers clearly and easily identified the superior and inferior borders of the mental foramen in the cross-sectional views, even in vivo and in vitro. 

3. SOLID MODELING

There is increasing interest in producing geometric models suitable for computer processing. Three application areas are currently commercially significant: computer graphics, medicine, and CAD/CAM. Medical uses include prosthetics, orthotics, and planning for reconstructive and cosmetic surgery. In manufacturing, 3–D digitization allows for a form of reverse CAD in which CAD models are created from existing parts, rather than creating the CAD models on a design system and then using the models to fabricate a part. 

Solid models of surfaces are desired for many purposes including input of existing physical parts to CAD/CAM systems for modification, automatic creation of machine tool paths, error inspection, and input to finite element systems. If such models do not exist, they may be created from point clouds sampled from the surface by technologies such as scanners.

An alternate approach is to construct a three-dimensional Delaunay triangulation of volume elements, smooth the surface triangulation, and compute smooth approximation of  the triangulated surface.

Figure 1 Hip bone model

4. MACHINING PROCEDURE

This chapter is dealing with the strategy to materialize CAD models safely, rapidly, accurately and fully automatically, using machining technology. To produce accurate, finish-free models we need to reduce the scallops between adjacent tool paths [2], and hence, in general, have to generate dense tool paths. To make the fabrication process rapid and automatic we need to eliminate any refixturing, and hence have to introduce redundancy in the machining mechanism, i.e. supply additional degrees of freedom (DoF). Although collision avoidance can be achieved for 5-axis machining of sculptured surfaces [3], this task becomes significantly harder if the number of DoF increases. From these considerations it may be obvious that the problem of rapid  machining is far from being solved. The relevance to solve this problem is high since it is expected that for the fabrication of large-size objects, machining technology could be superior compared to common RP methods such as material deposition or layer building [4,5,6].

The importance of the machining process is increasing due to latest advances in high speed machining that allows machining to create even more complex shapes. Complex machined parts require several rouging and finishing passes. The programming solution has to reduce the time necessary for the development of the technology  necessary information enabling unification  and accuracy. According  to the implemented knowledgebase of the CAM-system, the user will be assisted at the choice of suitable tools, best cutting speeds and best strategies. Technology these days runs ahead of the needs of society. Products, tools, and processes are invented and perfected before we often know their potential. This is true in manufacturing, especially medical manufacturing. Lives depend on holding tight tolerances on small tools.
Based on user-defined tolerances, the CAM system automatically detects and corrects gaps and duplicates geometry during CAD import. This automated editing process dramatically reduces programming time and helps avoid errors by eliminating what used to be the most difficult step - defining the part geometry.

Manufacturing process involves many disciplines (e.g. machine sequence organisation, tool selection, set-up, etc.). However, to the authors’ knowledge, no current commercial CAM systems provide any geometrical analysis tools to support this critical decision. One could say that the total outcome of machining is fully dependent on the level of know-how being used in the application of the machining strategies.

The need for software tools to support the selection of cutters will be of increasing importance, as flexible production systems proliferate. In such environments, where production is opportunistically scheduled, the intelligent use of available tooling will be essential. Much work on tool selection is concerned with the effect on different production criteria for prolonged tool life or low operating

costs, e.g. required surface finish, optimal cutting speeds, feeds and depth of cut. In contrast, the work presented here considers only the geometric constraints imposed by the component shape.

Unsteady tool path can be caused by inaccurate algorithms for path generation or by innacurate calculations within given machining tolerances, that are needed to generate linear interpolated paths on sculptured surfaces. With tolerance decreasing, a large number of points on the tool path have to be generated what decrease the points distance and slowdown the machine tool.   

It is very important to obtain rounded and smooth machined surface of the implants. Therefore grove profiles and large tool path spacing are not convinient. 

 For orientation and positioning of tools and workpieces determined by measuring systems, machine structure is being build up with positioning abilities in several degrees of freedom.

Currently, most machining shops employ the traditional method of constant feedrate cutting for sculptured surface parts. This can result in significant tolerance deviations. By varying the feedrate based on the cutter chip load predicted by machining models, a more constant tool deflection can be attained, resulting in much better tolerances in the same machining time or similar tolerances in less

time. Even if all other process-parameters, such as the machine tool, CNC, fixtures, holding tools and cutting tools, are all state-of-the art, if the application of the machining strategies is not optimized,  performance and results will be uncompetitive.

Selecting an optimal combination of tools for roughing and finishing is known to be a difficult task Previous work reported by the authors [7] describes a method for calculating the exact area a given size of tool can access in any given bounding volume/profile.
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Figure 2 Machining on HSC milling machine

Automation of the manufacturing process from the nominal part geometry on a CAD system to the final machined part offers the opportunity for huge gains in productivity and cost savings. The advent of 5-axis machining and methods for generating NC tool paths has already offered the opportunity to reduce machining time by up to 85% [8]. However, this added flexibility also brings added complexity. Research efforts have concentrated on generating interference free NC tool paths that also produce machined parts free from excessive gouging or undercutting. Central to these ideas is the generation of the swept volume of the tool along its programmed NC tool path, and the ideas of the simulation, verification and correction of NC tool path programs.

5. CONCLUSION
It is possible to manufacture hip bone implants from block material on milling machine in accordance with solid model obtained after CT. This new approach in bone surgery treatment offers great potentials in time saving and eventually possible postoperative treatments. This procedure is revolutionized since it could be planed and starts at the moment when the preventive CT is performed. All the phases are based wholly on CT data and also the procedure of implant production is automatically linked with CT report. That means that the human errors and its leakage are reduced to minimum and the surgery results because of that become more successful.    
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