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[bookmark: _GoBack]There are a normal series of movement that people perform in their every day life – walking, sitting, standing and laying down. Perhaps a person may do additional, more strenuous movements while at the gym such as jumping, lifting, climbing or running. However, dance is a medium that challenges a person to move their body in all sorts of beautiful, unusual, and unique ways. The idea of dance is to allow creative expression from every single part and movement of the body. Historically, the main design goal in the creation of prosthetics has been function and since most people only use their prosthetic for a limited range of movements, there was no real need to integrate the ability for complex motion in prosthetics. Despite this, dancers have found ways to modify both dance and their prosthetics to create beautiful performances. 
	To understand the development of prosthetics for dancers, one must first understand the importance of mobility for amputees. Mobility for amputees is gained initially through physical therapy, and eventually through keeping active and moving in their everyday lives. One must also understand that gaining mobility is difficult and an amputee must reach a certain level before they will be able to dance and operate prosthetics modified for dancing.
	Movement is of crucial importance for amputees for many reasons. Because amputees generally spend more time than the average person in resting positions, they can gain weight more easily. The difficulty is that the more weight they gain, the more difficult it becomes for them to wear their prosthetic. This, in turn, creates a downward spiral where their limited movement prevents them from wearing their prosthetic, thereby limiting their movement even more. Furthermore, prolonged sitting can cause contractures – shortening of the muscles near the amputation that limits a person’s range of motion (Premier Prosthetic). If they do not constantly work to maintain and increase their mobility, then they will slowly begin to lose what mobility they already have. Amputees must work harder than others to ensure that they are able to retain their ability to stay mobile and active.
	This writer has recently begun working in a prosthetic clinic that specializes in making legs. Whenever the prosthetist goes in to meet a patient, he begins by sitting and discussing with them what kind of motion and mobility they use in their everyday lives. In fact, it is considered unethical to provide prosthetics to individuals such as the elderly, who will be unable to use them to increase their mobility. Unfortunately, even small changes in weight or an injury can cause a prosthetic not to fit properly. The prosthetist often recommends that injured patients attempt to wear their prosthetic, even for a short time each day, despite the discomfort so that they won’t lose the mobility they have worked to gain. Sometimes it can be difficult to motivate one’s self to get up, work out and move, especially as a new amputee, or an amputee with a recent injury. Dance, is a medium that not only moves the body but can also help express the pain or discomfort one is feeling. It can be a fun and creative way to increase mobility, stamina, agility, and even overcome negative feelings towards their disability. 
	As healthy human beings, a person may often take for granted how many ways their body moves without a second thought. Take an ankle for example, it can move side-to-side, up and down, and can even be rotated in a circle – and that’s only one small area of a leg! All the complex movements of a person’s legs and feet must be translated into a prosthetic. In prosthetics, there is a system of K-levels to identify how much motion a person will require in their prosthetic. People with K0 and K1-level mobility do not have enough mobility to require a prosthetic. People with K2-level mobility are able to use a prosthetic with the help of a cane, walker, or other assistive device. People on this level receive prosthetics with limited range of motion, and will most likely only be able to participate minimally in dance. People with K3-level mobility are able to freely use their prosthetic and would be great candidates to participate in dance in any form. Higher than this is K4-level mobility, which includes athletes and children. Some amputee dancers may fall into this category if they participate in intense dancing, dance as a profession, or are part of a professional performing arts company. Each of these increasing levels of mobility will require more complexity in the design of prosthetics that can accommodate the person’s movements.
	Prosthetics can be divided into two components: hardware and software. All prosthetics require hardware, but not all contain software. The amount of hardware and software will depend on the K-level of the individual and the length of the amputation. For example, when a person takes a step, and lifts the foot in the back to bring it in front, their foot automatically swings forward. An above knee prosthetic will need to contain software that tells the knee joint to swing forward, so the person can take another step. On the other hand, a below knee, K2-level prosthetic, is not likely to contain any software at all. Because dance requires complex motion in all joints, modified prosthetics can contain software that guides the hardware to react as a regular foot would when performing a dance movement. There are many approaches in the development of software in prosthetics for dance. Some are modifications made on existing software, while others focus on modifying hardware. Still a third category focuses on new design in both hardware and software. Some designers focus on imitating human anatomy, while others design their prosthetics from a functional standpoint, and some, use dance prosthetics purely as artistic expression. The possibilities for the ways dance prosthetics can be made and used are infinite.
	In one study, researchers were investigating ankle joint kinetics and kinematics. They began by studying a dancer with regular legs dancing a rumba. They studied her movements with force plates and infrared cameras. They then studied the relationship between ankle torque and ankle angle. They then acquired a commercially available bionic ankle prosthetic. Using the data they had collected, they made several modifications to the prosthetic ankle’s hardware and software, based on their understanding of the relationship between ankle torque and ankle angle. They then had an amputee dancer repeat the same rumba moves and studied the efficiency of their biologically inspired prosthetic versus a commercial prosthetic. They found that their modifications had allowed their prosthetic to react and move more similarly to an actual foot while dancing (Rouse et al.). While this research is both fascinating and useful, studies like these are sadly few and far between since there is not enough of a need and interest in dance prosthetics. Perhaps if more amputees participated in dance, there would be more opportunity for research and development of dance prosthetics. 
	One famous dance prosthetic was created by Jae-Hyun An, an engineer and innovator. When creating his design, he decided to focus on performance rather than trying to imitate human form. On human feet, ballerinas can’t stay on pointe all the time since it is too physically strenuous. In Jae-Hyun’s design he created a prosthetic that imitates a foot dancing on pointe. This way, not only can amputees dance as ballerinas, but also ballet itself can be tested and experimented with in new ways by a dancer who is on pointe one hundred percent of the time. Jae-Hyun also combined his knowledge of ballet and his knowledge of prosthetics in his design. The worst thing for a ballerina is wobbly legs, so he designed the ankle attachment to be extremely sturdy. He also made the socket, to which the amputees leg attaches, to be easily removed and interchanged if it gets worn down by the movement or needs to be modified for the dancer (Morris). This design focuses solely on hardware and contains no software, however it is a novelty in dance prosthetic innovation as well as a challenge to the known limitations of ballet. 
	These two examples are a tiny drop in the bucket compared to the needs of amputee dancers. In fact, most amputee dancers make modifications to their hardware on their own. Depending on the style of dance and the needs of the dancer, each person’s modifications are one-of-a-kind. One famous example of this is Amy Purdy, a Paralympic snowboarder and silver medalist. She was invited to be on the TV show Dancing With The Stars, where celebrities are paired with pro-dancers and must perform a different type of ballroom dance each week. Purdy ended up using swimming legs as her dancing legs because the soles were pointed instead of flat (OWN). In one dance she chose to wear blade prosthetics, used by runners and athletes because the dance she was doing required a bit more “bounce” and those prosthetics provided that for her. Not only did Amy have to find ways to modify prosthetics for dance, but each different type of dance, required adjustments to her prosthetics. 
	Kat Hawkins, was a dancer who contracted an illness resulting in the amputation of both her legs. For a long time she was ashamed of her prosthetics, but eventually worked up the courage to audition for Candoco, an inter-abled dance company. First, the company would teach the dance to all the performers, and then they would give a period of time to allow the performers to make adjustments to the dance, depending on their disability. Through this, Kat was able to return to being a dancer and now performs dances both with and without her prosthetics (Hawkins). Another dancer in the Candoco company, Mickaella Dantas describes how dance helped her discover new movements with her prosthetic that she had never imagined doing before. (Dantas). Removal of a prosthetic or wearing it in unusual ways is also a form of adaptation that amputees use to continue to dance, despite their physical limitations. 
	Despite the many ways dancers and designers have discovered to modify their prosthetics, there are some problems that are unavoidable for amputees. For one, a prosthetic may begin to slip and fall off in the middle of a performance. The beauty of dance is that usually, the performer is able to adapt and keep performing despite their missing or loose limb. Although this is not ideal, when one’s limb is detachable, sometimes the movement of the dance is too much for the prosthetic to hold. Another common problem for amputee dancers is that plastic and metal are much harder than human skin. Prosthetics that aren’t fitted or worn properly can cause sores and other more serious issues if not corrected. Sometimes, even just the increased force of impact with the prosthetic due to intense dance movement causes bruising, skinning, or other injuries. Additionally, since amputees have no feeling in their prosthetics, they can more easily hit themselves or others with their prosthetic limbs. This can be a problem when doing group routines and amputees must have greater focus to try and avoid injuring other dancers with their hard limbs. While some of the problems amputee dancers face can be solved by modifications to prosthetic hardware and software, other problems are inherent. Despite this, amputees manage to continue dancing, moving, and allowing their creative expression to flow. 
	Not only can dance have a positive physical impact on amputees, but it can also help with mental setbacks. In a podcast by Amy Purdy, where she interviews her Dancing With The Stars partner – Derek Hough, they discuss a moment where Amy turns to her partner in the moment before a dance performance and tells him this is the first time since her amputations that she has felt like a beautiful woman (Purdy). Dancer Kat Hawkins, describes her downward mental spiral after she thought her amputations would prevent her from ever dancing again. However, once she began dancing she gained a deeper appreciation and understanding of her body as well as a greater connection to dance (Hawkins). Dance helped Mickaella Dantas feel more unified with her prosthetic, as if it was a part of her instead of a separate entity. Dance has helped her realize that constantly chasing after the newest prosthetic technology may not be as important of necessary as she once believed (Dantas). Because dance helps a person feel more connected and in tune with their body, it is a great way to help amputees feel more body positive and connected to themself both with and without prosthetics. 
	While some amputees try to use their bodies to dance as any other person would, other dancers prefer to emphasize their unique body shape as an added facet to their performance. Amputees have found humorous, meaningful, and breathtaking ways to use their missing limb or prosthetic and redefine movement possibilities in dance. Because of their amputation, individuals may be able to execute choreography that would be impossible for someone with all their limbs to perform. Other artists create artwork out of the prosthetic itself (Skybetter). Dantas, has given performances in which she used crutches and others where she wore her prosthetic backwards. She even began training with the trapeze. These are all different ways in which Dantas has highlighted her creativity through her disability. Dancer Angelina Bruno, also discovered dance after her arm had been amputated. She was hired by software developers to be a dancer for a video game series franchise. Designers, 3D printing companies and prosthetists worked together to create a futuristic spike-like prosthetic to attach to her arm. She was then able to dance for the video game and add a unique character to the software (Alper-Leroux). For those who are looking to stand out, there are so many ways in which people with prosthetics can use their disability as a creative advantage. 
	It can be said that dance does as much for amputees and prosthetics, as amputees and prosthetics do for dance. There is so much to learn from the relationship between these two seemingly unrelated areas of life. Dance can be utilized as an important tool in helping people with prosthetics achieve higher levels of mobility, helping them feel more connected to their body, and challenging designers to think of new ways to create better dance prosthetics. Innovative prosthetic design and amputees are helping to reshape the definition of “normal” and expand the defined limitations of dance. If people in the fields of prosthetics and dance continue to collaborate and create, they will see continued growth and discovery. 
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