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Overview 
Stroke is the leading cause of long term disability in the United States. Stroke 
survivors typically experience loss of balance as well as muscular weakness and 
atrophy, which may require extensive physical therapy and rehabilitation. 
Unfortunately, the current method of rehabilitation involving weight training and 
resistance bands can be an arduous process because of the balance issues.  
A weighted garment that aids in both supporting and conditioning muscles can help alleviate this 
problem.  
 
Objectives 
The team is responsible for researching potential materials solutions that will increase the weight of a 
garment in a specific area by at least an 1/8th of a pound. The materials solution must be biocompatible 
and provide flexibility of motion for the user. Ideally, it will also be removable and relocatable. 
 
Approach 
• Contacted company sponsor and discussed project deliverables and any relevant prior research 
• Conducted literary research to generate list of potential materials solutions that provide weight 
• Refined list based on toxicity, density, thermal stability, and flexibility  
• Consulted Penn State faculty on feasibility of solutions 
• Chose metal woven fabrics solution and NinjaFlex (thermoplastic polyurethane) with 316 stainless 

steel bearings solution for further testing 
• Ordered metal woven fabric samples from GKD-USA, Inc.  
• Designed NinjaFlex matrix on AutoCAD Inventor 
• 3D printed NinjaFlex samples for testing using Slic3r  
• Conducted tensile and flexural fatigue testing on samples based on ASTM standards 
• Compared two solutions based on project criteria and feasibility 
• Chose NinjaFlex matrix as final solution and had prototype garment with integrated NinjaFlex 

solution  
 

Outcomes 
The overall outcomes of this project are as follows: 
• The team proved that an 1/8th of a pound 

increase in weight in a specific area of a 
garment is feasible. 

• Several materials solutions for further research 
and development were generated. 

• A 3D printed NinjaFlex matrix with 316 Stainless 
Steel ball bearings was designed and 
prototyped for easy integration into a modified 
compression garment. 
 
 


