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Stiff-legged gait is a common gait abnormality associated with affected upper 
motor neurons in the brain or spinal cord. Individuals afflicted with the 
condition experience reduced knee flexion during the midstance to heel 
strike phase of gait. This results in increased energy expenditure during 
ambulation and lower extremity joint degradation [1]. Implementing 
biofeedback into gait retraining systems can help rehabilitate gait 
abnormalities by informing the user when they have not achieved a sufficient 
threshold for a designated action [2-5]. Traditionally, implementing 
biofeedback techniques into gait retraining involves in-lab setups that require 
motion capture equipment, walkways, and a biofeedback setup [6]. While 
wearable systems employing inertial measurement units (IMUs) and bending 
sensors have been explored for tracking motion, they generally do not 
include a built-in biofeedback system meant for out-of-lab usage [7, 8]. Here 
we describe a novel wearable biofeedback system for providing feedback to 
help increase knee flexion for individuals afflicted with stiff-legged gait. The 
system will collect knee flexion data and provide biofeedback cues through 
the usage of a smartphone and a mobile application.
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● How do we figure out how to use a smartphone’s 
internal IMU sensors to help us create a knee angle 
measurement system?

● How do we approach measuring the real-time knee 
flexion angle with sensor data?

● How accurate is our device’s knee angle measurements 
when compared to other wearable IMU systems on the 
market such as the Xsen MTi series?

● How useful is the biofeedback component in our system 
for users with stiff-legged gait?
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Project Activity 2: Mobile App & Sensor
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