
RESNA Student Design Competition: Design Brief 
 
 
Problem Statement/Research Question and Background 

Duchenne Muscular Dystrophy (DMD) is a disease affecting 1 in 3,500 male 

births [1]. This disease is caused by a mutation in the X-chromosome which prevents 

the production of the muscle protein dystrophin. The lack of this protein causes the 

muscles of the child to slowly deteriorate over time and the child can become 

wheelchair bound as early as 10 years of age [2]. The device created is designed to aid 

in the sit-to-stand motion to alleviate some of the stress applied to the leg muscles of 

those affected by DMD and prolong their ability to walk. 

 
Methods/Approach/Solutions Considered 

The team started out the design process by figuring out ways that can simply 

take some of the force off someone’s muscles as they sit down and stand back up. 

Many concepts were brainstormed that ended up with ideas like a piston pump at the 

knee or the hip, or to use a torsion spring at the knee. With each idea, the team 

considered the position each support would be in and came to the conclusion that the 

spring would be a better fit for the leg, as it could bend at the same angle as the knee 

during movement. After deciding on the torsion spring idea, many sizes were tested. 

Springs that were 120° and 180° were considered. The team wanted to make sure the 

individual could bend their knee with ease when walking normally. The 180° spring 

proved to be loose enough in the initial bend of the spring to allow more movement 

during walking while still providing more resisting force for actual bending of the leg. 

Sizing of the springs mattered as well. Different approaches for this included having a 

larger spring on just the outside of the knee or having two relatively smaller springs 

attached to either side of the knee. For the purpose of trying to achieve an upward force 

acting on the leg to help ease the user with sitting down and standing back up, it was 

decided that the best placement was to have two springs on either side of the knee. 

This helps to evenly distribute the force to the whole leg, rather than just pulling up on 

one side. If the user were to want to keep their leg bend, for example sitting in a chair 



with their bent at 90°, there would be that constant force of the spring trying to 

straighten acting on the leg. The team wanted to develop a sort of locking mechanism to 

help keep the spring in place without the user having to apply an opposing force. The 

team want the spring to be locked in many places to allow the user to keep their locked 

at any place they are comfortable depending on the situation. The first idea that was 

brought up similar to the shape of a shark fin. The leg of the spring moved up the 

curved part of the fin pushing it in until it passes the end. Then the fin would be raised 

back up and the leg would be caught in the inner curve/hook part. This idea required a 

lot of extensive further development as there would be need to figure out how to release 

all the fins to let the user return to a straight leg position and how to manufacture this on 

our own. A simpler idea of a cap structure was then decided on. This cap would be 

placed over the circular part of the spring. Notches would be cut into the side of the 

spring at the desired angles. Then as the user bends their leg to their desired position, 

they push the cap in locking the leg of the spring into the closest positioned notch, and 

therefore keeping the spring in place. 

 

Description of Final Approach and Design 
The design ultimately chosen as the best option for the brace was one that used 

plastic rods and torsion springs to provide a boost for the patient when standing up. 

Several materials and pieces came together to create the most supportive and 

comfortable device as possible. The main components were the torsion springs and 

polypropylene rods. The rods were drilled into so that the legs of the springs could be 

push-fit into them. Each side of the patient’s knee has one torsion spring, fitted into a 

rod at each end; one to support the calf and one for the thigh. This results in a total of 

two springs and four rods for the whole device. Cramer elastic athletic wrap was 

wrapped behind and in front of the rods on either side of the leg to provide a tight hold 

to keep the rods in place. Additionally foam cushioning strips were secured under the 

Cramer wrap at points of contact and friction (under the springs at the knee and around 

the plastic rods). A hard rubber cap was placed around the coils of each spring to 

protect and cover the spring, but also to aid in taking stress off the legs when they are 



bent. This was done by cutting notches into the rubber cap where the legs of the spring 

could fit at a desired angle (90, 120, 150 degrees by default as an example). The cap 

allows for the patient to bend their knees and hold them in that bent position without the 

device pushing their legs back into a straight position. The final product bends 

comfortably with the patients legs and provides a push upwards, making it easier to sit 

down and stand up, taking stress off of the patient’s quadricep muscles. 

 
Outcome  

The user reported leg compression in the area the brace was worn. The foam 

and Cramer wrap allowed for a tight, comfortable fit for the 30 minutes the prototype 

was worn. The springs were not noticeable even though the springs were compressed 

against the knee, and the straps allowed for full range of motion. While the user was 

unsure about how much the device assisted in standing back up from the sitting position 

(the user was able to normally stand up without any struggle), she felt spring tension 

when she was sitting down that released as she stood back up. For future testing, the 

club would like to find a suitable subject that would benefit from the device. A few areas 

for improvement noted by the user are how the rods are secured and the support 

provided in the posterior thigh area—the plastic rods that were attached to the spring 

liked to twist and move about the leg unless the rods were secured tightly to the leg 

using multiple velcro straps, and since the rods were at the side of the leg, the device 

did not provide a lot of support for the posterior upper thigh area where most weight is 

centered while sitting.  

 

Cost (Cost to produce and expected pricing) 

Various materials were ordered throughout the design process. Some of the 

materials were used in the final design, while others were tested then deemed 

unsatisfactory for the brace. A major component of the design is the torsion springs 

which required several purchase orders in order to determine the proper size and 

material for the spring. The torsion springs came in packs of 10 and the total cost for the 

pack of 10 was $27.36, though only two springs are used for the brace. Polypropylene 



rods are also a main component of the brace. For the design, two different sized 

polypropylene rods were used.The ¼ inch rod came in a length of 60 inches for a cost 

of $21.53 . The foam chosen for the design was $10.26 though not all of it was used for 

the brace. The Cramer compression wrap came in a roll of 11 yards and costed 

$54.47.The velcro straps used to hold the springs and rods in place came in a pack of 6 

costing $16.87. The total cost to produce the prototype (for the components actually 

included in the design) was approximately $36. In industry, an expected price would 

need to cover the material and labor costs. For the purpose of the design brief, we have 

not considered the labor costs, only the material costs. Thus an expected price for the 

brace would be slightly over $40 though this could vary by manufacturing techniques 

and how it would be produced.  

 
Significance 

Currently, there is no cure for Duchenne Muscular Dystrophy and while this 

brace doesn’t provide a cure, it does provide daily assistance for those with the disease. 

The ultimate goal of the brace is to assist whoever is wearing the brace with the task of 

going from a sitting to standing position, and vice versa. While sitting and standing 

might seem like a simple task to those without Duchenne Muscular Dystrophy, a 

substantial amount of force is put on the various leg muscles during this daily task. The 

leg muscles are usually the first set of muscles to begin deteriorating for a child with 

Duchenne Muscular Dystrophy. This is in large part due to how much these muscles are 

used on a daily basis. With this brace, the goal is to reduce the quadricep force needed 

in order to go from sitting to standing and standing to sitting. By reducing how much 

force the quadricep endures in this task, it could help preserve the muscle for a longer 

period of time. Preserving the muscles in the legs would delay when a child with 

Duchenne Muscular Dystrophy would need to be wheelchair bound. By assisting in the 

daily task of sitting and standing, the brace can have an impact on the quality of life of 

the child at home, school, and other public places. As engineering students, we strive to 

design devices and systems that can help make other people’s lives easier or better. 

This is why we chose chose to design a brace for children with Duchenne Muscular 



Dystrophy. We wanted to help keep them out of wheelchair for as long as possible and 

we felt creating a brace to lessen the forces on the leg during standing and sitting could 

accomplish this goal.  
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