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The aim of this investigation is to identify a system, sub-system or component which is currently produced using established or traditional manufacturing processes, and undertake a detailed investigation to suggest an alternative, improved method of manufacturing.
The component under examination is Hawley dental retainers, described as ‘the most popular style of retainer used post active treatment to ensure that a perfect smile is preserved’ (Colgate-Palmolive Company, 2020). The handmade method of producing each individual’s customised retainer expresses in itself the need for an improved method of mass customisation of the component.   
The new and improved fabrication method proposed for early processing of Hawley retainers within this report is additive manufacturing. Additive manufacturing, also referred to as 3D printing, is an alternative method of production which involves ‘manufacturing a part by depositing material layer-by-layer’ (Radomsky, et al., 2014). Additive manufacturing provides the opportunity for faster mass customisation of  products due to its ‘simple process, whereby time and cost relevant to manufacturing changeovers are eradicated’ (JABIL, 2019). Jeffery Immelt, former CEO of General Electrics is just one of many business leaders who identifies the benefits achieved through additive manufacturing, describing the process as a ‘game-changer’ (Radomsky, et al., 2014). The former CEO used additive manufacturing to transform GE from a ‘classic conglomerate to a global technology-driven company’ (Immelt, 2017).
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[image: pinky-purple-flat]A hawley retainer is a component that is placed inside a patients mouth after orthodontic treatment such as the removal of a fixed brace, to ensure the prevention of a ‘relapse’ (Healthline Media Inc., 2019). They are a popular option for patients to use post orthodontic treatment as they are slightly more versatile than other retainers; ‘they can be adjusted, are more durable than a clear plastic retainer, are repairable and have potential to last for many years’ (Healthline Media Inc., 2019).
Although the suitable timescale for use of hawley dental retainers varies from person to person, a general rule is that they should be ‘worn at all times for the first 3-4 months of use, followed by use at night only for at least 1 year following the completion of the orthodontic treatment’ (Proffit, Saver, & Fields Jr., 2013). With this being said, it is essential that the retainer must be manufactured perfectly for each patient as it becomes a part of their everyday lives.  
[bookmark: _Toc31797135]Functional Requirements
The main functional requirement of hawley dental retainers is expressed in its name; to retain dental issues. In other words, this means to ‘help teeth stay set in a fixed position’ (Nemours, 2018). The structure of every persons mouth and teeth is different, therefore it is essential that the component is custom designed to comfortably fit in every patients mouth. 
[bookmark: _Toc31797136]Material and Design
‘The basic design of a hawley retainer typically consists of 3 parts (or in some cases 4 parts) that flow together to make one final piece. The 3 main components are a labial bow, clasp(s) and an acrylic base. In the case that the patient’s teeth need to be tipped, the fourth piece; finger spring, is also incorporated.’ (Mcdermott, 2019). This is made from metal wire.
The labial bow is the most noticeable component of a retainer, made of metal wire. ‘It is the material that travels across the front of the teeth, measuring at approximately the middle of the teeth for stability’ (Mcdermott, 2019). ‘Two claps, again made of metal wire, are adjusted to the rear teeth for retention.’ (Radke, 2018). Finally, the base of the retainer is made of acrylic. ‘The acrylic base provides the other parts of the retainer the necessary support and strength’ (Mcdermott, 2019). 
[bookmark: _Toc31797137]Current Manufacturing Process
The handmade method of fabricating the hawley dental retainer begins by creating a model of the patient’s mouth so that the shape and design is customised to the specific patient. The model is produced by firstly taking an imprint of the patient’s mouth to create a design of the teeth and oral tissue. ‘The impression is made using a thick liquid material, such as alginate or polyvinylsiloxane’ (Watson, 2019). When complete, ‘the  impression is poured in plaster, which when set, can be separated from the impression to form an identical replica of the patient’s mouth’ (Thompson, 2012). This could be described as one of the most time consuming parts of the process. ‘Air bubbles and other imperfections can be removed using a plaster knife to ensure all components of the retainer fit correctly’ (Radke, 2018), and finally the manufacturing of the retainer can begin.
The next step is to shape and fit the wire that will be a part of the retainer. This involves undertaking a number of intricate techniques to bend the wire and form the labial bow and ball clasps.  ‘Perfecting the process so that the component is correctly fitted to the patient is done over a long timescale, therefore must be completed by a competent lab technician’ (Thompson, 2012).  
With the process of wire formation complete, the lab technician continues the process by using sticky hot wax to hold the labial bow and claps into place. ‘After this, the prevention of air pockets appearing during further processing is done so by soaking the model in water’ (Radke, 2018).
Next, the main housing of the retainer is added; the acrylic. The lab technician will build up layers of acrylic around the wires and modelled teeth to produce the desired design, ‘alternating between powder and liquid’ (Thompson, 2012). When satisfied, the acrylic is set aside and left to harden. To ensure it is fully hardened, ‘the acrylic is placed in a pressure cooker to be cured under pressure’ (Radke, 2018).
After pressurising, the hawley retainer can be removed from the plaster model. The component under takes one of its final steps, trimming, whereby ‘excess acrylic is removed as well as any sharp edges that could cause pain and uncomforted to the user’ (Radke, 2018). The competency of the lab tech will ensure that the retainer is shaped correctly for patient comfort and satisfaction.
The final stage in the fabrication of the hawley retainer is polishing. ‘The finish is created using pumice and an acrylic polish to produce the desired glossy look’ (Thompson, 2012). Before fitted to the patient, the retainer is sterilized to prepare for use.  
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The additive manufacturing process for hawley retainers can be described in a few simple steps that provide benefits to production. This method replaces the method of model creation described in the current manufacturing process with one which uses modern technology to speed up the process and do so electronically. 
Step one is to scan. The structure of the patients mouth is made visible using ‘dental CAD software to create a digital impression file which aids in creation of the dental model for 3D printing’ (Formlabs, 2018). The impression is captured using an ‘interoral scanner’ to produce the model. 
CAD software is used to design the model electronically. Here, processes carried out include ‘building the model base, sculpting, chamfering, adding identification tags on the model and finally exporting the model in the correct file format’ (Formlabs, 2018). 
When satisfied, the 3D printer can finally be programmed to print the model. ‘From this step onward, the workflow is identical to the traditional workflow for creating hawley retainers’ (Formlabs, 2018). It is still essential that a competent lab technician still undertakes the task of manufacturing the actual retainer, but previous processes and time cost associated with them are eliminated with this new method.
The implementation of this method of model creation has already begun within the orthodontic industry, playing an important role in improving production efficiency. EnvisionTec are just one example of a company providing the process to orthodontists to benefit their businesses.  ‘Orthodontists, dentists and labs are adopting our technology rapidly with amazing results that are transforming their businesses. (Envision Tec Inc., 2017)
Advancing the process of additive manufacturing in this sector further would involve eradicating all handmade processing (i.e. the workflow that follows model creation), and using additive manufacturing to produce the final product. As stated by (Envision Tec Inc., 2017), ‘advances are being made all the time’, so creating the product somewhat ‘remotely’ is something with definite potential. 
[bookmark: _Toc31797140]Material
Many different materials can be used for 3D printing including plastic, metal, clay and sand. For the manufacturing of orthodontic models such as those that aid in the manufacturing of  retainers, the same plaster type material is used as in traditional manufacturing. 
Companies offer different types of material which al have slightly different characteristics, but can all be used for the same 3D printing process. Looking at Envision TEC for example, some of the main materials that they offer are E-Denstone, ABS 3SP White and E-Glass, and the most popular of these 3 is E-Denstone; ‘A material developed specifically for the rapid production of highly accurate, scannable dental models’ (Envision Tec Inc., 2017).
 Benefits of additive manufacturing
The use of the additive manufacturing processes has increased greatly over the years due to it being advertised as a platform providing the potential for many organisations to open new windows and opportunities to improve manufacturing efficiency. The 5 main benefits are grouped into quality, cost, impact, innovation and speed. 
The main benefit of additive manufacturing of the hawley dental retainer and the dental industry in itself is mass customisation. Additive manufacturing enables mass customisation by eradicating delays and costs associated with production changeovers, tool changes, process changes etc. and replacing with a simple process; ‘send the digital file to the printer, print the item, clear the build unit, and repeat’ (LaSelle, 2017).   
Further, using additive manufacturing to begin the process of dental retainer production also removes all the problems associated with casting such as ‘labor-intensive work, demand on physical storage space, fragility, degradation, and problems of potential loss during transfer’ (Taneva, Kusnoto, & Evans, 2014). Using 3D printing will help eradicate these messy impressions and the complications that come with them, and instead provide an improved workstream by advantages such as ‘easy and fast electronic data transfer, immediate access and reduced storage requirements’ (Taneva, Kusnoto, & Evans, 2014)..
All in all, constructing hawley retainers by manufacturing the appliance over the additive manufactured model brings many benefits to the sector. (Formlabs, 2018) website sates that this workflow is ‘greatly improving efficiency and reducing turnaround time’; 2 major factors in the manufacturing industry.   


[bookmark: _Toc31797141]Conclusion
Improved production of hawley dental retainers using additive manufacturing has huge potential benefits due to the current time consuming method of producing each customised product. Using additive manufacturing to begin the fabrication by electronically creating the model enables mass customisation in both an efficient and effective way through time and money saving production. 
As detailed within this report, a start to implement this process has already begun, but the potential to increase the use and drive additive manufacturing in the sector further is a no brainer. 
Overall, the numerous benefits that additive manufacturing of orthodontic models brings,  provides the necessary weight to increase the use for this purpose and further the use in the future to create the whole product in itself. Doing this will improve the efficiency again by almost completely removing all human interaction associated with fabrication of the retainer, making it less likely for human errors to occur. 
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