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Drop foot syndrome is defined as having difficulty with the action of raising the 
anterior portion of one’s foot towards one’s shin. It is caused by weakness or 

paralysis of the muscles responsible for dorsiflexion, often brought on by 
neurodegenerative diseases, trauma to the affected limb or spine, or stroke. One of 
the most common treatments on the market is the Functional Electrical Stimulation 

device (FES). The FES is designed to target the peroneal nerve and the tibialis 
anterior muscles, two places that drop foot commonly affects, using sticky electrodes 

to target these areas. Our client, Dr. O’Brien, tasked us with designing and 
developing a universal FES device that was both comfortable and affordable for 

patients. 

Our device must electrically stimulate the muscles that raise the foot during the gait cycle to 
aid patients with the symptoms of drop foot,  be self-contained, battery operated, and able to 

function for at least a 24 hour period without needing to be recharged, and weigh no more than 
one pound. The device must also  be attached completely below the knee of the patient, and 

must raise the foot at toe off and stop stimulation at heel strike. The design chosen 
incorporated two membrane switches in the toe and heel of the patient that connected to a 3D 

printed circuit box containing a PCB with a PIC 12F629 microcontroller. This apparatus 
would be attached to the patient via a cuff below the knee. One unit cost $302.76. Progress in 

developing this project was halted significantly due to Covid-19. 

METHODS
The device was designed to be a cuff that attaches below the patient’s knee 
with a battery pack and PCB contained in a box about the size of a deck of 

cards. As seen in Figure 1. 

RESULTS
Unfortunately, this group was unable to perform any environmental, 

human acceptance, or performance tests on this device due to the 
COVID-19 pandemic, although a thorough testing plan had been made. 
Holding ourselves to the ethical code that all engineers are expected to 

follow, we submitted an IRB to obtain permission for ethical human 
testing.A few of the checks put in place to determine that the device was 
functioning properly were able to be made. The printed PCB was well 
within the proper dimension to fit within the external circuit box, so no 
alterations to the 3D schematic were necessary. However, there was still 

no data to calculate discernable results from. As for the code and the PCB, 
both met given specifications and were projected to need only minor 

adjustments moving forward. This would only be conclusively determined 
through further testing.

CONCLUSIONS
Due to COVID-19, we were disappointingly not able to fully 

construct and test our design. Though all of the preparations were 
made, by purchasing supplies, submitting an IRB, and preparing 

individual components of the device, we were unable to test 
everything together as a cohesive device. An incomplete device 

meant we were unable to complete testing as planned. As we were 
not able to complete the device, we cannot claim that our work to 
this point has met specifications, though we believe our planned 

device would have. 

Overall, our team was able to verify our circuit simulations with 
experimental results, and adapt to re-design our PCB, get it printed, 
soldered, and tested. We worked with both our client and technical 

advisors to make changes to our design to increase its potential 
functionality and comfort for a patient.  While the current output of 
our device, at 7mA, was lower than we would have liked and was 

anticipated to be problematic, we were unable to determine whether 
this would have been the case without testing. 

This group recommends that for the future of this project, an Arduino 
board should be used instead of a PIC microcontroller. Arduino is easier to 
interface with, as our main problem with implementing the code was the 

MPLab computer software required to code the PIC, and is also more 
portable, which would be extremely helpful in situations like this 

(Covid-19). Another recommendation for future groups would be to make 
the membrane switches in house. This prevents unnecessary costs with 

custom ordering the membrane switches and allows for a simpler design. 
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It would utilize a PIC12F6 microcontroller, connected to 
two membrane switches located in the toe and the heel of 
the patient’s shoe. Alterations to the preliminary design 
were made in a new PCB layout to allow for in-house 

printing. The project was submitted to the Internal Review 
Board (IRB) and pending approval to do human testing 

before the university’s closure. 
                        Preliminary testing had begun, including editing the initial
                        code and testing the soldered PCB to check for connection
                        issues and to confirm our circuit was working as expected.
The team had planned to troubleshoot the circuit and finish construction 
of the exterior of the device, but we were not able to due to lab closures 
after COVID-19. This included 3D printing the circuit box to contain the 

PCB. 

Figure 1. External 
3D Printed Cuff

Figure 4: PCB Output Test
Figure 5: Soldered and Assembled PCB Circuit

Figure 2: Internal Outline of Circuit Box
Figure 3: External Cuff Design
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