



Abstract
Due to a rapidly aging population in the developed world the demand to produce lifelong and harmless hip joint replacements has increased dramatically and with more than 100million elderly people in Europe alone that suffer from arthritis it’s easy to see why, Sometimes a total hip replacement is needed to replace an arthritic hip joint with an artificial one to relieve pain or to recover joint function for the patient. However, most of the current hip replacement implants have a limited lifespan of between 5 to 15 years and can suffer from problems such as dislocation, loosening, infection and excessive wear. To combat this, we turn to Additive manufacturing which has become increasingly popular recently with parts being produced for the aviation industry, automotive industry and in the healthcare industry. 3D printing technologies has allowed for the personalisation of implantable devices such as hip replacements to be specific to a patient’s anatomy. This report will look at the benefits of 3D printing prosthetic hips and the advantages of 3D printing over more conventional forms of manufacturing the prosthetic. (L.C. Zhang, 2009)

Introduction
Over the years additive manufacturing has been slowly growing and is revolutionising the way we design, develop and manufacture products. The medical industry up until now has been very slow to introduce additive manufacturing in particular 3D printing technologies due to restrictions in the materials that could be printed and limitations in the precision of printing structures mimicking the complex anatomy of the human body. However, with recent advancements in technology the printing of clinically relevant materials to the required precision is now possible. Currently there are machines that can print medical grade ceramics, metals and polymers for various implantable prosthetics. (Neerajha Nagarajana, 2018)
The increased availability of additive manufacturing has brought many innovations in the use of medical imaging, the use of 3D printed structures and surgical simulations. The American society for testing materials(ATSM) and the international organization for standardization (ISO) currently recognise 7 additive manufacturing processes and all of these processes have been adapted to some degree to suit the medical industry these processes are powder bed fusion, material extrusion, material jetting, binder jetting, sheet lamination, direct energy deposition and vat photopolymerization. The fact that this wide range of technologies and processes have already been recognized by the ISO and ATSM and are already available to, or being used by the medical industry is a very good sign for future additive manufacturing development and innovations. (Neerajha Nagarajana, 2018)
The focus of this essay will be on seeing if changing the material and manufacturing process of the cemented stem component of a hip replacement through additive machining can potentially improve the life expectancy of the implant and quality of life provided to the patient, the component that I will be focusing on will be the Avenir cemented stem by Zimmer Biomet as this component was finished ground by the company that I work for FSG tool and die. 

Main body
For any prosthesis the implant has a set of basic requirements for it to be viable these requirements are Relief of pain, that the implant is adequately functional, it corrects the deformity, it is durable, that the implant is chemically passive, sterile and of the appropriate size.
Durability Is a very important part of any implant and the desirable life expectancy of an implant being 15 years or more and should not fail due to excessive wear or fracturing of the implant. Chemically passive implies that the implant must not react with the body, be toxic or corrode while implanted. The requirements for implant materials are that they are strong enough to withstand the forces and loads put on them by the human body and that they do not cause adverse tissue reactions. The range of movement must be considered when creating a replacement hip, even though it does not necessarily need to be as great as there is in a normal joint it must be sufficient enough to provide adequate function. (M. A. Elloy, 2009)
Currently the cemented stem of the hip replacement is made with stainless steel, stainless steel is used because it can be forged and easily machined compared to the alloys which cannot be forged only cast. The disadvantages of stainless steel are that it may not be welded or cast. The Avenir cemented stem is forged in stainless steel and then then the neck of the part is ground on a cylindrical grinder and then highly polished ready for implantation. (biomet, n.d.)
The additive manufacturing process that I would use to produce instead of forging would be 3D printing to produce personalised patient specific implants, The four most common materials used in prosthesis are stainless steel, cobalt chromium molybdenum cast alloy, cobalt chromium tungsten wrought alloy and Titanium. The new material that I would use for the cemented stem would be titanium. 
Every material used on the implants must be compatible with the body, must show a good level of corrosion resistance which is extremely important and must have the required mechanical properties such as dynamic strength and resistance to repeated load stress. Compared to stainless steel titanium is a relatively new material that’s used for medical implants, one of the biggest advantages of titanium is that it is stronger than stainless steel, combined with the fact that it is much lighter and it is already a very attractive option for medical implants such as hip replacements. Other advantages of titanium over stainless steel for medical implants is its higher resistance to repeated load stresses, this makes titanium more capable of withstanding increased strain during internal fixation, also with a lower modulus of elasticity and increased corrosion resistance compared to stainless steel it is less rigid which limits the amount of stress put on the bodies bone structure and is less likely to create an immune reaction from the body. (azom, 2013) (K Colic, 2016)
Before 3D printing a medical implant such as the cemented stem or a total hip replacement the geometry of the implant will be found through a preoperative procedure of medical imaging techniques the most commonly used techniques to survey the shape of the implant are magnetic resonance imaging (MRI) or computerized tomography (CT) scans. For a CT scan thee patient would undergo a scanning process that would generate a two-dimensional image with 1 to 3mm spacing that would correspond to the cross sections of the hip. The images created are then placed in their relative positions, by detecting the grey gradients the computer would build a boundary that is used to create a three-dimensional virtual model of the implant. (Carlos Relvas, 2009)
Through the use of scanning the hip and creating a customized implant doctors would be able to identify bone defects in the structure of the hip which can be identified before surgery, these defects could be corrected in the 3D printed implant restoring not only the function but also the shape of the damaged bone structure. This replacement of the damaged bone tissue would offer the patient a better quality of life and an effectively painless joint. (Carlos Relvas, 2009)


Results and discussion
The disadvantages of 3D printing the prosthesis would be the additional cost of testing each patients implant for mechanical failures requiring multiple prototypes to test experimentally for each patient instead of the current system of having a small range of generalised sizes which minimises the per patient cost of testing. Another disadvantage would be the increased wait time for the replacement as you would have to make the part after scanning the hip rather than selecting a currently available size. One way to circumvent the increased cost per part from prototypes would be the advancement in virtual testing with reliable simulation-based verification. (Neerajha Nagarajana, 2018)
Currently even though there are a variety of sizes for cemented stems the anatomy of people varies greatly in geometry and size therefore it is very difficult to provide a prosthetic implant that allows a proper fit with the surrounding bone. With medical imaging and the creation of a personalised 3D model there should be no issue with the stem not having a proper fit with the surrounding bone, this should reduce post-operative discomfort for the patient, could potentially improve operation success rates and reduce the risk of dislocation and loosening of the implant while inside the body. (Carlos Relvas, 2009)
The selection of titanium for the new 3D printed hip replacement provides many advantages over stainless steel, with the fact that titanium is stronger, lighter, has increased repeated load resistance and it is more resistant to corrosion when in the body the implant should have an increased life expectancy compared to the current stainless steel implants this will decrease the risk of fracturing or premature wear of the part and joint fatigue. (azom, 2013)
Conclusion
Although the current processes to manufacture functional hip replacements have been refined significantly over the years there is room to improve the compatibility of the replacements with the bone structure of the patient through additive machining. The aim of the hip replacement is to mimic the natural shape and design of the patient’s hip, the hip joint is one of the most important parts of the body for load bearing and shock resistance when walking, running and jumping. (K Colic, 2016)
The advantages afforded by 3D printing of the hip replacement in titanium over conventionally machined stainless steel seem to heavily outweigh the cons. Given that the purpose of any prosthetic is to improve the quality of life of the patient the potential for titanium to withstand the corrosive nature of the body for longer and that it superior strength and repeated load resistance decrease the need for another replacement implant in the future, limiting the amount of invasive surgeries needed by the patient. This material change coupled with a new approach to manufacturing the cemented stem through additive machining which will create an implant that closely resembles the original bone and joint which should give the patient a more natural feeling implant that decreases post-operative discomfort will significantly increase patient satisfaction of the implant and improve the quality of life of the patient.
With the only disadvantages to 3D printing over traditional machining able to be overcome by advancements in 3D printing that could potentially lead to increased printing speed and future innovations in virtual testing eliminating the need for manufactured prototypes the future of prosthetics especially hip replacements should be in additive machining over more traditional manufacturing techniques like casting.
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