Assignment
Introduction
In this assignment I will be discussing the benefits that can be achieved of altering the manufacturing method used to produce prosthetics such as body parts e.g. Limbs.
Firstly, I will be looking into the current manufacturing process of prosthetics and the advantages/disadvantages that this current process provides whilst also looking into how the individual stages/parts of the limbs are manufactured or carried out.
 One complete, due to there being certain extends that can be achieved through the current process of manufacturing, I will then investigate the difference that could be made by introducing additive manufacturing and 3D printing and will justify as to why I think that this would be the more efficient way of manufacturing these artificial limbs.
The artificial limb market
Prosthetic limbs are a manufactured product that have been constantly improved and are much more efficient than from past years.
As years have progressed changed have been made in the production such as “newer materials, such as advanced plastics and carbon-fibre composites. These materials can make a prosthetic limb lighter, stronger and more realistic” (Perry Clements, 2008). These developed new materials allow for easier and more comfortable use for the amputees who need these artificial limbs. These artificial limbs are used for being with multiple reasons of having missing limbs such as birth defects, illness or injury.
There is such a big demand for these artificial limbs as “According to research done by Amputee Coalition, on average there is an amputation done every 30 seconds” (Plewa, 2019) and when done, they are successful in allowing amputees to live lives as normal and comfortably as those with their own limbs. The aim is that  “healthy individuals with mid-calf amputation should be able to participate in a full range of normal responsibilities, to walk without any perceptible limp, and to engage in recreational and sports activities” (J Marks & W Michael, 2009). The demand of prosthetic limbs are constantly increasing as it is estimated that “The Artificial limbs market is expected to exceed more than US$ 3 Billion by 2024 at a CAGR of 5.5% in the given forecast period” (market research engine , 2019)  And this is due to the fact that there is :

· “Rising prevalence of diabetes and vascular diseases”
· “Increase in global geriatric population”
· “Technological Developments”
· “Extensive R&D activities in the field of artificial intelligence” (market reserach engine, 2020)
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Current process
When manufacturing an artificial limb, the first step of the process would be to take a cast mould of the limb which is remaining, and which will be getting added to. This mould is made as details of the ‘stump’ area is gained digitally by a specialist in the area of prosthetics. This mould will then be filled, and a clear plastic material will be covered or wrapped around the mould in a vacuumed environment for tight fitting, once softened once baked in an oven that uses infrared. This plastic can be identified as Vivak.
The socket is then completed and is tested to ensure that it is the appropriate fit and meets the requirements needed.  If the mould is not fitted correctly and needs adjustment then due to the soft plastic material, all that needs to be done is to reheat the material and carry out the process once more. Depending on the mould this part of the process can take time as this section of the limb needs to be perfect.
[image: ]This time is important as the socket is one of, if not the most important part of the prosthetic. This is due to the fact that “biomechanics of socket-residual limb interface, especially the pressure and force distribution, have effect on patient satisfaction and function” (Pirouzi, et al., 2014) this is down to the fact that “Comfort primarily involves the pressures between the socket and residual limb” (Pirouzi, et al., 2014) With high amount of pressure being put on certain prosthetics e.g. artificial legs
The material used to produce the socket is most commonly polypropylene. This is an effective material as It is known as an inexpensive material which has a high flexural strength. Other materials including in this prosthetic is wood for the foot and aluminum for the pylon due to its high strength despite its lightweight attribute. Other than vital pieces of the prosthetics foam, cloth materials are also in use as it allows for the artificial limb can be given a more realistic look to give confidence and a more comfortable lifestyle for those using the prosthetics.  (Jawaid, Mohd Hawari, Ahmad Azmeer, & M.Tahir, 2018)

                                                            
Additive manufacturing
Additive manufacturing is a newer and more recent type of manufacturing that has been introduced as a tool to improve multiple aspects of the final product that is being manufactured. This process can also be identified as being called 3D printing and is widely increasing in terms of how much it is being used by businesses.
With this form of manufacturing being so efficient the demand for it is increasing as “Accelerating product development is the highest priority companies are relying on 3D printing for, jumping from 29% in 2017 to 39% in 2018.” (Colombus, 2018) This is proving beneficial to these companies as figures show that “93% of companies using 3D printing in 2018 are able to gain competitive advantages”. (Colombus, 2018) With this being the case, competitivity between businesses is increasing, meaning that to compete with one another, they are all developing similar manufacturing processes which is 3D printing.
3D printing has been introduced to the Prosthetic industry and is seen to be massively improving the medical trade. Compared to the current and older process of producing artificial limbs, 3D printing is noticeably simpler and cuts out multiple steps in the process.
How it works
A 3D printer works by firstly using an online application that will allow you to create your 3D object. You then simply print the design and will create the object. It does this by creating each small layer of the object individually until it all comes together, and the product is made. 
A 3D printer is very often linked to a 3D scanner which uses laser scanners to analyse an object sometimes with the assistance of another set of data usually given by a camera.  Once both sets of data are collected, a “3D scanning software stitches these data sets together” (Stella, 2017)
3D Printing Process
The process of 3D printing much like the original process, starts with a trip to the prosthetist. This is where measurements of the remaining limb or stump with be taken and a cast will then be created. 
These both containing all the information of the patient needed to create the limb.  Rather than then using plastic material and making a mould over the cast, this cast is then sent to be 3D scanned. This allows the socket to then be produced more accurately and precise meaning an easier and more comfortable process for the customer as it is  “faster than traditional methods which typically involve a long visit to the prosthetist and over a month of waiting before getting a socket which might not even fit correctly” (McCulloch, 2019). Once complete, the socket is then attached to the rest of the prosthetic limb such as the pylon, the foot etc.
In this 3D printer, different material is used to the materials that are used in the original process. “Acrylonitrile butadiene styrene (ABS) plastics or for stronger material, Bridge nylon. 3D printers are becoming compatible with other materials like lightweight titanium to increase durability and strength” (Reidel, 2017)

Conclusion
From looking into detail of both manufacturing processes that are involved in making prosthetic limbs, I have concluded that there are multiple advantages/benefits that can be achieved by swapping the current manufacturing  process for the 3D printing.
One benefit of using 3D printing is the speed at which we can develop the product compared to the original method. The original method which contains creating a mold using soft plastic can often take time as the mold is not as accurate and any small crack or split in the material will instantly cause a weakness and it will have to be carried out again. With the details of the patient’s stump being scanned and developed digitally, this allows for the socket to be produced at a faster speed and more accurately which means that “prosthetic limbs can be 3D printed within a day” (Martin, 2018) as opposed to the original process which can take “weeks or even months to produce, and this is without the medical waiting lists that many have to sit through.” (Martin, 2018). 
Similarly, to the previous advantage, another benefit is the benefit of mass customisation. With the 3D scanning process of the patients stump, it is possible to achieve a more accurate and  precise socket for the customer. Not only does this mean a better fit but also a more comfortable fit. This is vital as children are a big part of the prosthetic industry due to birth efficiencies and health conditions etc. This process also allows you to customise your new limb with variations of colours or styles which allow people especially children to feel more comfortable and comfortable in themselves and around others.
With prosthetic limbs being vital to those who need them, the price of the limb is a very important factor as not all families have the budget to be able to spend a lot of money, which could leave many deprived of these prosthetic limbs when they are needed. The original production method comes in at a wide range between $1500 and $8000. Now that 3D printing has been introduced, patients are able to receive these more improved limbs for the lower price of $50. This is beneficial as when kids need prosthetics, there is a definite chance that within a few years/months they are going to outgrow their socket and will need a new one. With the 3D process being so easy, many other people have taken the path of buying their own 3D printer to product these prosthetics but to also use it for other purposes of their everyday life. This could avoid trips to the prosthetist and taking more time when it could be done form home.
When a patient has the details of their stump taken, they wish to receive their new limb as quickly as possible. Now that 3Dprinting has been introduced, this is now possible, and more customers are being left happy. The new process of 3D printing can allow for the new limb to be with the patient within 1 day of the meeting with the prosthetist. This is an exceptionally shorter amount of time than occurs when the original process that is used, which can take up to over a month, which then could take even longer if the mould is not as precise as it needs to be.
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