I declare that this assignment is all my own work and that I have acknowledged all materials used from he published or unpublished works of other people. All references have been duly cited.

Module Code M401163


The Manufacture of Hip Replacements

Matthew Preece
Student Number 1809102
January 2020




1. Introduction 
This report discusses hip replacements and what manufacturing methods and materials are currently used and how additive manufacturing could make the process easier fast and better all round for the patient and surgeon. 
2. Background on hip replacements
With increasing numbers of elderly people in the world, there is also an increase in people with arthritis and people needing total hip replacements, therefore the demand for artificial hip joints has also increased. The National Joint Registry for England, Wales, Northern Ireland and Isle of Man (www.njrcentre.org.uk) collects information on joint replacement surgery and monitors the performance of joint replacement implants. It states on their website that hip replacements have been performed in the UK since the 1960’s and that in England and Wales there are approximately 160,000 total hip and knee replacements undertaken every year. The National Joint Registry 14th Annual Report Public and Patient Guide – Hip Replacement Edition on the NJR states that in 2016 there were 101,651 hip replacements reported to them. This guide also says that over time hip implants wear and will need to be revised. Most patients’ hip replacements last longer than 13 years but in patients under 55 years old hips replacements do not last as long. However some problems still arise including dislocation, loosening, infection and wear. A good artificial hip joint should allow for normal movement, last 15-20 years, easy joint replacement if needed and be bio-compatible with the patient. 
Hip implants are made up of 3 or 4 sections which are:
· Acetabular component (socket) 
This is bowl shaped piece and acts as the new socket. This bowl or “cup” shaped piece is fit into the resurfaced socket. It is usually made of metal but is occasionally made of ceramic or a combination of plastic and metal.
· Acetabular liner
This is plastic liner that fits into the acetabular component and allows the femoral head (ball) to glide in the socket. This is usually made of high-quality plastic.
· Femoral head (ball)
The ball that will fit directly into the new, plastic lined socket and is attached to the femoral stem. There are many shapes and sizes of “heads”. These are made of durable metal, plastic, ceramic, or a combination of materials.
· Femoral stem
The stem attaches to the ball and supports the new hip joint. Usually, this metal piece if porous, allowing for natural bone to grow and attach to this piece which replaces the femur.
https://www.peerwell.co/blog/2017/04/25/different-types-of-hip-replacement-implants/


3. How Hip Implants are made
Zhang et al (2009) describes various manufacturing methods for hip replacements and that the manufacturing process for making hip replacements depends on the material that is being used. Hip implants are usually made of cobalt chrome (e.g. ASTM F1537), titanium (e.g. Ti6Al4V ELI) or medical Grade Stainless Steel (316LVM). (www.sandvik.coromant.com). As stated above the acetabular cup has an insert or liner made of plastic, ceramic or metal, the femoral head is made of metal or ceramic, and the femoral stem is made of titanium- or cobalt/chromium-based alloys. This range of materials means that different processes are required to make the total hip replacement.
Products made from cobalt chrome, titanium or stainless steel are made by forging or investment casting followed by machining, polishing and coating. Drop forging is more commonly used when making the femoral stem, drop forging is when hot metal is dropped into a mould and mechanically pressed into shape, it is used because it is fairly cheap and can enhance the mechanical properties of the metals used. A more traditional technique is investment casting, this process uses wax patterns and a ceramic slurry covers it and thermal fired, the wax is melted out leaving a shell. Liquid metal is then poured in to fill the shell and leave the component. If the implants are to be made from plastics, then moulding and machining will be done. Finally, if the implants are to be made from ceramic then the process used will be sintering, followed up by grinding and polishing. Polishing is a key process that needs to be done as the femoral ball and socket needs a high grade of finish to allow the patient free movement and stability from the implant.  
There are a number of type of hip replacements
Metal on metal (MoM)
Metal on metal implants have been used even longer than metal on plastic, they are made from titanium or cobalt chrome alloys. They offer a greatly reduced wear with a potential wear of 0.01 mm each year. Only metal on metal allow for the largest ball heads, larger ball heads allow for an increased range of motion and greater stability which can reduce the risk of hip dislocation. Metal on metal components mean that there is no need for liners. The wear is metal so there is concern for bio compatibility although there is no clinical findings showing that the wear is harmful. 
Metal on plastic 
Metal on plastic has been used for years, where the stem is made from metal, usually a cobalt chrome alloy and the cup liner is made from plastic, polyethene. This is the least expensive combination. This combination usually has a wear of 0.1 mm each year. All implant will shed debris as they wear, over time the body may see these debris as invaders and start to attack them, which could lead to osteolysis, a dissolving of the bone. 
Ceramic on ceramic 
Ceramic is very new to hip replacements as it is hard and durable, and the material has been shown to have no toxic side effects to the human body. Ceramic has a history of shattering and squeaking in the 1980s and 1990s, that has been improved since. Squeaking is still a problem for some patients. Ceramic is high strength and has a reputation of ultra-low wear. 
Ceramic on plastic 
These are two very reliable materials. Ceramic is harder than metal and is the most scratch resistant, and the hard and ultra-smooth surface of ceramic has a greatly reduced wear on the polyethylene. This combination is more expensive than metal on polyethylene but less than ceramic on ceramic. Some ceramic on polyethylene implants have utilized the vitamin E, this is a natural antioxidant and is expected to increase the longevity. The new vitamin-E liners have shown wear rates of 0.01mm each year. 

 
4. Possible Alternative Additive Casting Processes for Manufacturing Hip Joints
There are a range of additive processes that could offer alternatives to traditional manufacturing of hip joints.
VAT Photopolymerization
VAT Photopolymerization is the most visually interesting of the additive manufacturing processes. With is this your material choices are resins, polymers and plastics. It involves a powerful UV light, computer controlled, applied where needed to cure the liquified material into a solid shape. Once done the waste liquid is drain and saved to be used again. It provides a high-quality product with high accuracy and the final product will need little to no post-processing. 
Powder Bed Fusion
Powder bed fusion uses a laser to fuse the powdered material into place and shape. Direct metal laser sintering is the best choice when building with metals. It is fuse 0.1 mm at a time. With powder bed fusion you can use any material that can be powdered, from plastics, nylons, cobalt chrome, steel and titanium. The process is slow and uses more energy than most processes but is relatively inexpensive and good for prototyping. The machine required also has a small footprint so doesn’t need a big bespoke facility. 

[bookmark: _GoBack]Material Jetting
During this process liquid material (wax and polymers) are dropped down to the work surface. UV light cures the finished process. Limited amounts waste is produced during this process. A downside to the accuracy in this process is that it has a limited selection of materials that you can use, which might require extra processing to gain support. 
Binder Jetting (3D Printing)
This is the most well-known and used additive process, its cost-effective and new improvements make it more usable and versatile all the time. During this process liquid bonding agents are applied to layers of powdered metals, ceramics and plastics. If any parts are made with metal or ceramic must be furnace fired after. This method allows a variety of materials and is a high-turnover method. As 3D printing can deal with different materials and these are required in hip replacements it seems ideally suited to be used in hip replacements. 
According to Yale Medicine (2019) (www.yalemedicine.org) 3D printing and modelling “are changing joint replacement surgery”. This article argues that using 3D printing gives patients a customized hip replacement and that “custom implants improve patient outcomes in the long term”. They say that data shows that after surgery patients are able to resume their normal activities sooner, require fewer blood transfusions and do not get readmitted to hospital as often. 
Dr Martin of Personalised Orthopaedics is quoted in www.medicaldesign&outsorcing.com as saying that patients can receive a hip joint that is made precisely for them. The patient has a CT scan of their hip and that is converted into a three-dimensional computer model. The patient’s anatomy is measured and this is means that a hip joint can be printed that precisely fits the patient. 
 Tserovski (2019) looked at the advantages and disadvantages of 3D printing in hip surgery. He felt that one of the main advantages was the accuracy of the model and that the joint can be exactly reconstructed. He also used 3D printing in pre-operative planning and felt that it could reduce the amount of anaesthetic the patient would need. He also pointed out some of the negative features as being technically demanding and requiring advanced computer skills and training, He also pointed out the extended time for completing the hip model and the cost.
Materialise (www.materalise.com) a company that make 3D printed hip joints however claim that their hip joints are personalized, have a 98% implant survival and 100% patient satisfaction rate.
5. Conclusions
Hip replacement surgery is increasing and as the population gets older will likely continue to increase. 
Additive processes offers an alternative to traditional manufacturing, in particular the use of 3D printing.
A good artificial hip joint should allow for normal movement, last 15-20 years, easy joint replacement if needed and be bio-compatible with the patient. 
Using 3D printing to make hip joints gives a better fit for patients because it is precise and is not a joint that is just from the shelf.
Hip joints made from 3D printers can be made from the same materials as traditional hip joints which have been proven to be safe and bio-compatible with the patient.
Although 3D printing of hip joints is relatively new Dr Guido Grappiolo from Italy (www.ge.com) has patients who had their 3D printed hip joints implanted over 10 years ago. He believes that the devices could last a “lifetime”. 
The downside of 3D printing is the time that the hip joint takes to make because it is specific to the patient it is not just sitting there for the surgeon to use but this also means that hospitals do not have to stock pile and the cost which is higher than a traditional hip joint at the moment.
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